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This study is an economic analysis of some factors associated with
the international market for frozen groundfish blocks. The objective of
this study is to improve understanding of the interrelationships among
production, consumption and trade flows, considering the emérging changes
in harvesting activities resulting from extended jurisdiction of coastal
states over fishery resources.

In pursuing this objective, a simultaneous equations model is built,
in order quantitatively to evaluate the more relevant forces affecting
the import-demand and export-supply for groundfish blocks in the inter-
national market. The period of analysis is 1964 to 1978, the data are
quarterly, and the estimation procedure is Three Stage Least Squares.

The demand side of the market is modeled by specifying and esti-
mating equations explaining the net imports of groundfish blocks in
(1) the U.S.; and (2) the consuming countries in the rest of the world
(ROW). The quantity demanded by importers is expressed as a function
of the prices of groundfish blocks, prices of products using blocks as
raw material, prices of alternative commodities in consumption, prices
of other inputs, inventories of blocks held by the importers, income
levels, exchange rates, and seasonal and cyclical factors.

The supply side of the market is modeled by specifying and esti-
mating equations explaining the net exports of groundfish blocks in:

(1) Canada; and (2) the producing countries in the ROW. In each rela-
tionship, the quantity supplied by exporters is specified as a function
of prices of groundfish tlocks, groundfish landings, inventories of
blocks held by the exporters, exchange rates, and seasonal and cyclical
factors.



The estimated coefficients of the structural equations are, in
almost all cases, consistent with prior expectations and the predicted
values of the endogenous, dependent variables are very close to the
observed values. In the U.S., the price elasticity of demand for
imported blocks is relatively high (-2.00) where price is measured in
U.S. dollars. Increments in the wholesale price of sticks and portions,
or in the import price of frozen groundfish fillets are associated with
increases in imports. Increases in the inventories of blocks, or in
the wages paid to labor in the U.S. seafood industry induce a reduction
in these imports. Demand for blocks rises in the third quarter of the
year and has been adversely affected, after 1972, by changes in fuel
costs, among other factors. Income is negatively related to imports,
suggesting that either groundfish is an "inferior" good or that speci-
fication errors may be present.

In the ROW importing countries, the price elasticity of demand for
blocks is extremely high (-6.00), where price is measured in pounds
sterling. A positive relationship appears to exist between imports and -
the U.K. Wholesale Price Index for food, but seasonal and post-1972
binary variables do not appear to explain changes in the ROW demand.

In Canada, the price e]asticity of supply of blocks is relatively
low, (0.30) where price is measured in Canadian dollars. Increments in
groundfish landings and inventories increase the export volumes. Sea-
sonal binary variables do not play a major role in this export supply
relationship, but the increased fuel costs since 1972 appear to have
reduced the supply.

In the ROW exporting countries, the price elasticity of supply of
groundfish blocks is 0.60 and 1.58, where price is measured in Icelandic
kronur and in Norwegian kroner, respectively. The larger the Atlantic
Cod landings by the major suppliers, the greater the ROW volumes
exported. Binary variables representing the second and third quarter
of the year uncover an apparent increase in the ROW export-supply
function not captured by the remaining supply-related variables and/or
reflecting some seasonal pattern in domestic consumption of blocks in
the ROW countries. After 1972, the ROW supply of blocks has registered
a decrease.
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AN ECONOMIC ANALYSIS QF SOME FACTORS ASSOCIATED
WITH THE INTERNATIONAL TRADE FLOWS OF FROZEN GROUNDFISH BLOCKS

I. INTRODUCTION AND OBJECTIVES

Introduction

The worldwide proliferation of extended fishery jurisdiction over
coastal waters is promoting radical shifts in the pattern of fish
supply and demand. In the mid 1970's, the decrease in the anchovy
catch in Peru, the collapse in herring stocks in the North Sea and the
crisis in the Atlantic groundfishery provided the necessary conditions
for the coastal nations to impose an effective control over the use of
fishery resources. In many cases, this took the form of an extension
of their respective territorial waters. Extended jurisdiction was
adopted, at least in part, because of the prevailing view that the
other most common management schemes (such as, quotas) have had limited
success in preventing the fishery resources from being depleted. By
transforming this "common property" or "open access" resource into
one with "quasi-private property" characteristics, extended jurisdicfion
is justified as a more effective way to prevent a fishery from further
over-fishing and from systematic dissipation of its economic rent among
the resource users.!

In addition, the adoption of this scheme at that particular
conjuncture occurred because the returns of this appropriation by
coastal nations contiguous to the more productive fishing

1

In "open access", the equilibrium level of effort applied to the
fishery occurs when the total revenue equals the total cost. The
existence of profits induces new entrants to exploit the fishery,
without any restriction, until the economic rent to the resource is
totally dissipated. This "open access" equilibrium yield is greater
than the "maximum economic yield", that corresponds to the optimal
equilibrium position if private ownership of the resource were to
prevail, i.e., when the marginal revenue intersects the marginal cost
and the economic rent is maximized [see Anderson (1977) and Bell (1978)
for further references].



grounds, was expected to be greater than the cost of enforcing such
exclusive rights to management of the fish stocks.

Thus, the implementation of 200-mile jurisdictions, many of which
spread after 1976, induced a great impact on the availability of fish
resources to the major producing nations. Japan and many European
countries heavily using distant waters are among'the nations which
suffered most from controlled access. On the other hand, Canada, Iceland,
the U.S., the U.S.S.R. and some African and South American nations are
likely to gain from international acceptance of their 200-mile zones.
Governmental bilateral agreements and joint ventures between the "loser"
and the "winner" nations have been increasing in number, as have the
programs to promote better fishery resource management by the beneficiary
countries.

There are indications that changes in trade patterns began to occur
in the '70's and probably will become more evident in the '80's. Table 1
provides an overview of the shifts which have occurred by comparing the
relative value of seven fishery commodity groups imported and exported by
the leading traders between 1973 and 1977. It is evident, in this short
period of time, that Japan lost its 1973-leadership as a fish exporting
country, ranking fourth in 1977. Also, in this period, Japan replaced
the U.S. as the major fish importing country in the world. In contrast,
Norway, Canada and the Republic of Korea improved their relative posi-
tions during the period, becoming, respectively, the first, second, and
third major fish exporting countries in 1977. At the same time, the
United Kingdom (UK) dropped from the third to the fifth rank among the
main fish importers, after France (third) and the Federal Republic of
Germany (fourth).

With these changes in the trade patterns of fishery products in
mind, it is of interest to develop an economic model in which the most
important factors that affect the international trade of a specific fish
product can be uncovered and empirically analyzed. The product chosen
for such an investigation is frozen groundfish blocks. The results of
the analysis should be of interest in estimating the impact of these
emerging changes in the regional sources of supply on the demand patterns,
on the price trends and on the trade flows of frozen groundfish blocks in
the international market.



Table 1. World Export and Export of Seven Fishery Commodity Groups
By Leading Countries of 1973 and 1977.

1973 1977
Value Value
(Million Rank (Mil1lion Rank
Country US Dollars) Position US Dollars) Position
Total World Exports 5,539.6 - 9,253.4 -
Norway 514.1 2 840.7 1
Canada 490.7 3 756.6 2
Republic of Korea 146.2 7 696.7 3
Japan 553.9 1 631.3 4
Denmark 381.9 4 627.2 5
United States (US) 285.2 5 508.1 6
Iceland 212.2 6 381.2 7
Other 2,955.5 - 4,811.6 -
Total World Imports 6,047.8 9,942.0

Japan 1,019.4 2 2,295.5 1
United States (US) 1,392.3 1 2,085.8 2
France 368.8 5 674.9 3
F.R. of Germany (FRG) 430.1 4 666.2 4
United Kingdom (UK) 505.0 3 556.2 5
Italy 282.2 6 426.3 6
Netherlands 135.6 7 257.7 7
Other 1,914.4 - 2,977.5 -

Source: U.S. Department of Commerce. Fisheries of the United States
(1978), based on Food and Agariculture Organization of the
United Nations (FAO) data.
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This investigation covers cod (gadus morhua), haddock (melanogrammus
aeglefinus), pollock or saithe (pollachius virens and theragra chalco-
gramma ), ocean perch (sebestes marinus and sebastodes alutus), hake
(urophycis tenuis, merluccius merluccius, merluccius hubbsi), whiting
(merlangius merlangus), cusk (Brosme brosme) and flatfish (sole and
flounder).2 Except for those latter species, the foregoing fish are
commonly referred to, collectively, as "groundfish" because they are
generally found and caught at, or near, the ocean bottom in temperate or
cold waters. Groundfish species are the raw material used in the pro-
duction of frozen blocks. Groundfish blocks consist of skinless and
boneless fish meat compacted together and frozen to form blocks, weighing
over 10 pounds. The blocks are the initial starting point in the pro-
duction line of fish products available to the final consumption. These
blocks are cut by band saw or guillotine into different shapes and,

therefore, they need to have a strict specification, to yield a homogeneous
product for industrial, large scale processing.

There are a number of aspects of the world market for groundfish
blocks that make it an interesting subject for analysis. These inclutde:
(a) groundfish are likely to be the species most strongly affected by
the extension of the 200-mile jurisdiction; (b) flows of trade of ground-
fish blocks represent a significant proportion of the total value of
fish products imported by the leading seafood consuming countries such
as the U.S.; {(c) demand for "ready-to-eat" fish products, made from
blocks, is on an upward trend as a worldwide phenomenon, as indicated
by the rise in the number of "fast food" outlets and growth of sales of
prepackaged convenience food. Each of these aspects is examined
separately.

2A1though technically not classified as "groundfish", sole and flounder
have physical and marketing characteristics similar to groundfish and
they are equally utilized in the production of frozen blocks. The
flatfish category also includes: turbot, plaice, halibut, dabs and
fluke (that were not considered in this study, because they are not
especially utilized in the production of blocks).
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(a) Groundfish and extended jurisdiction - The main productive
groundfish grounds are, predominantiy, located in the North Atlantic
Coast and Pacific coastal regions, including Alaskan waters. With
the imposition of extended jurisdiction over fishery resources by
Canada, the U.S. and Iceland, among the fishing states, in the second
half of 1970's, those groundfish grounds were the most affected,solely
because of their geographical location. This fact is 1ikely to lead to
substantial global changes in the production and trade patterns of
groundfish products in the near future. With controlled access and
improvements in the resource management, those coastal states are
generating conditions to increase their own domestic catches of ground-
fish species by reducing the over-exploitation of these fishing grounds,
once dominated by foreign fleets.

(b) International trade in groundfish blocks - The composition
of U.S. imports of edible fishery products suggests that groundfish
blocks can be considergd one of the most important fish items traded in
international markets. As indicated in Table 2, blocks are the
second most important product in the total value of imports of fishery
- products by the U.S.,in both 1977 and 1978. Fresh and frozen shrimp
is the leader. However, the imports of groundfish blocks, amounting
to 291.7 (1977) and 325.4 (1978) million U.S. dollars, represented about
14% of those years' total imports by the U.S. These are indirect
indications of the importance of groundfish blocks in world markets,
since the U.S. is one of the major importing countries of fishery
products.

(c) Demand characteristics - As living standards rise and as an
increasing number of women in the labor force is observed in many
countries, individuals adjust their consumption behavior to eat rela-
tively more frozen prepared food at home and convenience food products

3

Other consuming countries' import data in seafood products, in which
groundfish blocks are explicitly reported, are not available in
international publications.



Table 2. U.S. Imports Value of Edible Fishery Products by Principal
Items. 1977 and 1978.

Value of Imports
(Mi1lion US Dollars)

Item 1977 1978

Fresh and Frozen:

Fillets Groundfish 210.5 240.0
Other 160.9 178.3
Blocks and Slabs 291.7 325.4
Halibut 9.1 10.7
Salmon 10.8 13.6
Tuna Albacore 107.7 122.4
Other 142.7 198.1
Loins and Discs 4.9 6.5
Crabmeat 8.9 15.2
Scallops 53.0 72.8
Lobsters 250.3 256.3
Shrimp 488.3 418.3
Other 76.0 89.8
Canned:
Herring 8.4 8.3
Salmon 1.2 0.7
Sardines 37.5 40.1
Tuna 44 .6 - 63.8
Bonito and Yellowtail 1.0 0.4
Abalone 18.C 15.3
Clams 9.2 6.1
Crabmeat 8.0 9.5
Lobster 15.6 15.7
Oysters 17.9 24.5
Shrimp 3.2 3.4
Other 46.0 51.9
Cured: 48.9 61.6
Other Fish and Shellfish: 4.2 26.0
Total 2,078.5 2,274.7

Source: U.S. Department of Commerce, Fisheries of the
United States (1978)
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at "fast food" restaurants. These changes in consumer behavior are
expected to spread to many countries (not only the western and more
developed countries ) and they are reflecting new 1ife styles where

the value of homemakers' time is an important determinant of the con-
sumption of food at home or away-from-home. As a consequence, fish
products that require less time for home preparation or can be eaten

in "fast food" outlets are in increasing demand as a worldwide phenome-
non. Because of this upward trend in the consumption of those rela-
tively new fish product forms, the demand for frozen blocks of ground-
fish has been increasing, since blocks constitute the basic raw material
utilized in the production of these "ready-to-eat" fish products.

Objectives

In general, this study attempts to improve understanding of
the interrelationships among production, consumption and trade flows
of frozen groundfish blocks with particular attention to those changes
emerging from extended jurisdiction over fish:resources. In pursuing
this objective, the basic purpose of this analysis is to construct
and estimate an econometric model for groundfish blocks, in which
the major factors affecting the import-demand and export-supply in this
market can be determined and quantitatively evaluated. Hence, the
specific objectives of this study are: (a) to establish a framework
to analyze groundfish markets; (b) to identify the major importing and
exporting countries of groundfish blocks; (c) to describe the more
relevant market characteristics of frozen groundfish blocks in those
selected trading countries; (d) to identify and to select the relevant
theoretical variables associated with changes in the trade flows of
groundfish blocks in the world market; (e) to obtain quantitative
estimates of the appropriate relationships of international export/import
demand and supply for groundfish blocks; (f) to evaluate these

L
Those expectations are taken into account by:Canada. Department of
Fisheries and Oceans. Worldwide Fisheries Marketing Study (1979).
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empirical results, in relation to previous studies and to the theoreti-
cal framework of reference.

Organization of the Study

Following this introductory chapter, Chapter II summarizes some of
the important issues addressed in this present study. It includes an
overview of international trade models and a discussion of supply and
demand theory and its implications for applied work.

In Chapter III, an empirical framework is presented in which model-
ing alternatives for international trade issues are discussed; several
previous studies in groundfish products are summarized; the major im-
porting and exporting countries of groundfish blocks are identified
and described in their relevant market characteristics; and, the seasonal
and cyclical components of trade flows for groundfish blocks are con-
sidered.

In Chapter IV, the econometric model to be used in the study is
specified and justified. Ih'Cﬁapter'V, the empirical results are re-
ported and analyzed. Implications, summary of findings, conclusions
and suggestions for further studies are discussed in Chapter VI.
Finally, the data and additional supporting material referred to in the
text are presented in appendices.



ITI. THEORETICAL FRAMEWORK

An Overview of International Trade Models

Trade theory is concerned with economic relations among the nations.
The first objective of the theory was to explain why certain goods are
imported from abroad rather than being produced domestically. The
initial simple answer to this question given by the classical theory
is that imports take place when it is more expensive to produce a good
within a country than abroad. That is,trade is explained by differences
in the cost of producing a good among countries, as suggested by the
concept of absolute advantage of Adam Smith.

David Ricardo reformulated the concept of absolute advantage,
observing that, although a country has absolute advantage in producing
two goods over another country, a country will export the good which
has the greatest advantage [ Snider, (1975)]. That is, according to
Ricardo, a country exports those goods in which labor productivity
is higher (relative to its productivity in other goods) than in other
countries. Mutual gains from trade among countries are likely to
emerge by the comparative advantage or disadvantage in production, based
exclusively on labor productivity.

Subsequent to the classical approach, later theories of trade have
extended Ricardo's analysis through a more general theory of
opportunity costs!, observing that labor is not the only input in
production and cannot be viewed as strictly homogeneous in all countries.
In competitive equilibrium, the ratio of prices of two goods is equal
to their marginal opportunity cost and the quantities demanded of those
goods are equal to the quantities produced. The necessary condition
for trade between two countries is that the pretrade equilibrium in these
countries be different. Countries' differences in opportunity costs
among products are explainad by differences in technical production
relationships and/or factor supplies. In turn, the output prices are

1

The opportunity cost of producing one unit of an output x is the value
foregone of producing another output y, the second best alternative
use of the inputs bundle used to produce x.
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also related to demand factors in each country's markets, i.e., consumer
preferences, tastes, income, etc... In summary, international differ-
ences in factor supplies and production, coupled with demand patterns,
account for the existence of trade among nations.

In the earlier twentieth century, Heckscher and Ohlin oriented their
analysis towards the explanation of different costs of production by the
differences in relative factor supplies among countries. Their conclu-
sions are summarized in the "Heckscher-Ohlin theorem" as follows:

"Comparative cost differences are based on relative
differences in countries' factor endowments; each
country tends to have a comparative advantage in, and
to export, those goods requiring in their production
the factor in relatively greatest supply in that
country, and to have a comparative disadvantage in,
and to import, those goods requiring in their pro-
duction the factor in relative scarcest supply in
that country" {Snider, (1975) pp. 45].

2

The Heckscher-0Ohlin theorem differs from earlier trade theories in
that it assumes the existence of the same production function for a good
among countries, in order to explain differences in relative pre-trade
output prices, primari]yf by differences in relative factor endowments.
These authors tend to give less emphasis to the country's market demand
under the hypothesis that consumption patterns do not outweigh the
production conditions.

If free trade is allowed, the effects of these relative differences
in factors among countries will be reduced, inducing an equalization in
the returns to the factors and in factor prices, such as forecasted by
the "Stolper-Samuelson theorem" in 1941 and the "Samuelson factor-price
equalization theorem". The Stopler-Samuelson theorem states:

"...moving from no trade to free trade unambiguously

raises the returns to the factor used intensively in
the rising price industry (land) and lowers the

2

The underlying conditions necessary for the Heckscher-Ohlin theorem to
hold are mentioned by Snider (1975) as follows: (a) the existence of
competitive markets; (b) identical production function with constant
returns to scale; (c) the absence of factor reversals; (d) small differ-
ences in the pattern of demand; (e) the proper specification of factor
categories; (f) the intra-country mobility of factors; and (g) immobility
of factors among countries.
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returns to the factor used intensively in the falling-
price industry (labor), regardless of which goods the
sellers of the two factors prefer to consume'
[Kindleberger and Lindert, (1978) pp. 85].

The'"factor-price equalization theorem" states further:

"...free trade will equalize not only commodity prices
but also factor prices, so that laborers will earn the
same wage rate and all units of land will earn the '
same rental return in both countries, regardless of

the demand patterns in the two countries"

[Kindleberger and Lindert, (1978) pp. 86].

However, price equalization among countries, as forecasted by Stopler
and Samuelson, is difficult to observe with free trade because ghese
theorems' underlying assumptions are seldom actually satisfied. Also,
empirical tests of the Heckscher-Ohlin theorem have not resulted in a
definitive conclusion about its validity in explaining the basis of trade

"
among nations by factor endowments. The well-known Leontief-Paradox is
an example of issues which have been raised in discussing the matter.

{§ Although international trade theories are general in the level of
a

] bstraction and, consequently, difficult to be empirically tested, they

t;an provide a framework of reference for applied problems. For example,
from this simplified overview and abstracting from demand conditions,
one can hypothesize that a country like the United States (U.S.)--a
net groundfish blocks importer-- has a marginal cost of producing

additional units of this product greater than the marginal cost of

3The "Stopler-Samuelson theorem's" assumptions are: (a) perfect compe-
tition; (b) factor supplies are given, factors are fully employed and
mobile between sectors but not between countries; (c) one good is land
intensive and other labor intensive with or without trade. The "Samuelson
theorem" assumptions include (a), (b) and (c) mentioned above and also:
(a) free trade with absence of transportation costs, information costs;
tariffs and other trade barriers; (b) linearly homogeneous production
functions; (c) absence of factors reversals [Kindleberger and Lindert
(1978) pp. 85-86].

4

Leontief empirically demonstrated that the U.S., assumed to be a capital
abundant country, tends to export labor-intensive, rather than capital-
intensive products, contrary to what would be expected by the "Heckscher-
Ohlin theorem" [see Snider (1975) for further discussions].
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producing other goods to export and trade for groundfish blocks, in a
pre-trade position (and vice-versa for Canada, a net groundfish blocks
exporter). As pointed out by Batie (1974), in the U.S. the marginal
cost of producing additional units of fish is high because the input
price is relatively high or the marginal product is relatively low,
since in equilibrium marginal cost is equal to the ratio of input price
to marginal product. The input prices may be high because of:

"...(a) high cost of insurance, vessel and gear;
(b) wages paid to labor that are higher than their
marginal value; (c) domestic subsidies that are
given for the production of exported goods (e.g.,
grain growers subsidies). The marginal product of
the input(s) could be low because of resource
exhaustion due to biologically adverse factors such
as environmental destruction and overfishing "
[Batie, (1974) pp. 33].

Other factors that may affect directly, or indirectly trade flows

; among countries include: (a) transportation costs and other transfer

costs among spatially separated countries; (b) tariffs, quotas and other
non-quantitative trade barriers imposed by a country on their imported
products; (c) subsidies to increase a country's exports; (d) exchange
rates. The rationale suggests that the higher the transportation costs

‘\&and the tariffs, the lower the trade flows among countries. Also, import

quotas and non-quantitative barriers to trade (such as institutional
barriers, sanitary laws and strict product classification) negatively
affect trade vo]umes.5 The government-mandated devaluation of one
particular currency in terms of the others tends to increase the exports
of the country whose currency is devalued and to decrease its imports.
That is, the devaluation of one country's currency means that its exported
goods will be cheaper for the other countries' buyers and its imported
goods will be more expensive domestically. As a consequence, there is

a reduction of this country's willingness to import and an increase in
its exports. Subsidies to a country's domestic producers indirectly
favor its exports, allowing the subsidized-products to be offered in

5

The imposition of a strict product classification over imports (to
determine tariffs) is a subtle way to prevent inconvenient foreign
competition in domestic markets.
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international markets at lower prices than those of competitor's
products.

7 In summary, the theoretical framework of international economics
«{ suggests that, in order to analyze the factors affecting trade flows
J of any good marketed internationally, it is necessary to consider:

¢ (a) the underlying forces affecting demand and supply relationships;
i (b) the existing tradebarriers, and production and trade subsidies;
(c) the transportation costs and associated transfer costs among the
trading countries; (d) the exchange rates among the countries' currencies;
! (e) non-tariff barriers. The next two sections examine (a) in more

i detail and from a more theoretical point of view.

)
Y
™, N

o

R

Demand

In this section, an overview of modern demand theory will be
presented with emphasis given to its implications for applied work,
based especially on George and King (1971), Phlips (1974) and Hassan
and Johnson (1976). ’

The consumer is considered to make a choice from a commodity space
of n goods, each with a given price, such that his (her) satisfaction
in consumption is maximized subject to a budget constraint. This
maximization process can be stated as:

Max U (x], Xos +ees xn) (2.1)
n
subject to I  x4Py = I (2.2)
i=1
or n
F=U (x],xz...xn) + (I - ¢ Xipi)’ i=1,2...n (2.3)
i=1
where:
U = consumer's utility function assumed to be continuous,

and twice differentiable with positive first derivatives;
quantity consumed of ithcommodity;
th

>
i\

given price of i~ commodity;

o
-t
"
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I = consumer's income, assuming that total expenditures
on all commodities equal consumer's total income;

F = Lagrangian equation;

A = lLagrangian multiplier, interpreted as the marginal
utility of income.

Differentiating equation 2.3 with respect to all x; and A, n+l

equations are obtained, corresponding to the first-order conditions
for constrained maximization of the consumer's utility:

30 ] . . B

5}} - A p; =0, for all i i=1,...n (2.4)

n

§=] X; Py - I=0 (2.5)

provided that %%. >0 and pj > 0 i=1,...n (2.6)
i

The second-order condition for maximization states that the utility
function needs to be quasi-concave. This implies that the Hessian
matrix of U bordered by prices be negative-definite, i.e., be a matrix
whose principal minor determinants alternate in sign, starting with
negative:

U.” U]Z ......... U]n -p]
(_])n . . * ¢ )0 (2'7)

Un.| Un2 ......... Unn -pnh

-p,l -p2 ......... "'pn 0

where: )
32y 32U -
= A A% T row— i, =1,...n (2.8)
Uij 3x18xJ axjaxi

By differentiating the n+l first-order equations with respect to
all prices and income, a system of n demand functions and one budget
constraint equation is obtained:



X = X (p], Py woeeiiaann, Pp > 1) (2.9)
Xp = Xp (P1> Py vevvvenininnnnn Py > 1) (2.10)
A= d (pys Ppoeeeieeniinnnn. Pp > I) (2.11)

The demand functions relate the quantity consumed of each commodity
to all commodity prices and income (Equations (2.9) to (2.10)). From
this system, a set of elasticities may be estimated: n own-price
elasticities; n’ - n cross-price elasticities; and n income elasticities.®

There are certain properties of the system of demand equations
which may be viewed as "restrictions": (a) homogeneity; (b) Engel
aggregation; (c) Cournot aggregation; and (d) the Slutsky equation.

These "restrictions" or "properties" of the first-order conditions
are particularly dimportant in empirical work because they allow a
reduction in the number of coefficients to be estimated in this system.

The homogeneity restriction postulates that every demand equation
must be homogeneous of degree zero in income and prices. If all the prices
and income were multiplied by a constant number, say a, the quantity
demanded of each and every commodity remains unchanged. Mathematically,
this restriction can be expressed in the demand function for a good
X as:

X; = Xj (apy .. sapps al) = x; (P]...pn, I), i=1....n (2.12)

Applying Euler's theorem on homogeneous functions?, it follows from
the homogeneity property of each demand equation that:

9Xs

6 P
The usual notation defines: e,. = — -4 as the own-price elasticity
13 BpJ X.i
when i = j and i, j = i1...n; and as the cross-price elasticity when
i#Jjand i, j=1...n. 3xj ¢ =1, ...nis the income elasticity.

fi1 7 3T X,
7
Euler's theorem states that if a function f(x]...xn) is homogeneous
of degree h then: f(axy, ...ax) = «N[f(x1...xn)] and

99X

Y -
g:]-——; X; = h[f(x]...xn)], i=1...n.
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n
1 . .
§ 7 p. + 3T I1=90 i, J=1....n (2.13)

In terms of elasticities this restriction can be expressed as:
for any commodity i, the sum of the own (i=j) and cross-price (i#j)
elasticities equals the negative of the income elasticity, or:

i=1....n (2.14)

where:

(g°]
[}

own price elasticity (i=j) or cross-price
elasticity (i#j);

ejp = income elasticity.

Only functional forms which are likely to be homogeneous of degree
zero should be considered as an algebraic form for estimating demand
equation. This is an important empirical consequence of the homogeneity
condition. Following this reasoning, Phlips (1974) excluded linear
equations as possible functional forms to be chosen in demand equation
estimates, because they are not homogeneous functions of degree zero.8

The Engel aggregation restriction postulates that in any period
of time the sum of the estimated expenditures on the n commodities is
equal to total expenditures. A change in total expenditures must be
entirely allocated to the n commodities in the consumer's utility
function. This restriction is obtained by differentiating the budget
constraint equation (equation 2.5) with respect to income:

8Phh‘ps (1974) pp. 38 mentioned that if there is a good reason to use
linear equations, it would be necessary to divide all independent
variables by the price of one of the goods or by the index of prices
(say, CPI, or WPI) to make linear equations homogeneous of degree zero.
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s~ Py -1=0 (2.15)

In terms of elasticities, this restriction states that the weighted
sum of the income elasticities is equal to one, or:

where: X
Pi%y o
w; = —— or,the budget share of good i; i =1...n (2.17)

The Cournot aggregation is obtained also by differentiating the
budget constraint equation (equation 2.5) with respect to all
commodities' prices: '

n i _
L — Pj = = X; J=1...n (2.18)
;

In terms of elasticities, it follows that the weighted column sum
of price elasticities (own and cross-price elasticities) in the jEﬂ
column is equal to the negative of the expenditure proportion on the

jEﬂ commodity, or:
n
L Wi €.. = =W. j=1...n (2.19)
j

The Slutsky restriction relies on the idea that the derivatives
of the demand equations in relation to prices can be decomposed into the
substitution effect and the income effectby taking the total derivatives
of the first-order conditions (equations 2.4 and 2.5):
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U]]dx]+ ............... * U, dx_ - pydr = Adp] (2.20)
U ]dx]+ ............... +U dxn - pndA = Adp, (2.21)
-p]dX]+ ............... -p dxn = -dI + x]dp]
(2.22)
+, .+ xndpn

Expressing this n + 1 system of equations in matrix notation:

~ - - e o g
U]] ........... U]n "p] dX] )\dp-l
Upp wevevnenens Unn  =Pnl 9%, Adp, (2.23)
n
S BEEREEERERES P, 0 da -dl + £ xy dp;
L i=]
L 4 - L o
by Cramer's rule, the dxj becomes equal to:

n n

£ AD,.dp; +D . (¢ x; dp; - dI)
dx, = =1 11 ML Ry T (2.24)

J D
where: Dij = co-factor of the element i,j of the bordered
Hessian matrix;
Dn+1,j = co-factor of the element n+l,j of the bordered

Hessian matrix;
D = determinant of the Hessian matrix

j in equation 2.24

by dpj, treating the other prices and income changes as being equal to

The own-price slope is obtained by dividing dx
zero (or, dpi =dl = 0):

&%, Bennli% (2.25)
dp; D D
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The first term on the right hand side of this "Slutsky equation"
(equation 2.25) is the substitution effect corresponding to the
variation in the quantity of X3 demanded due to a change in P; with
a compensating change in income to keep the consumer at the same
level of utility. The second term is the income effect that is a
quantity change, which resuits from that portion of the price change
which is 1ike a change in income itself. Thus, the total effect of a
price change can be decomposed into the two effects: the substitution
and income effects.

The Slutsky's negativity condition states that this substitution
effect is always negative. From the second-order condition, the
bordered Hessian matrix must be (-1)n D > 0. Because the principal
minor of Djj is of order n-1, then (-1)n']Djj < 0. The D and Dj;
must be opposite in sign and A - the marginal utility of income -
is always positive.® Therefore,the substitution effect is always
negative, i.e., Eiii < 0 for all j, j = 1...n. However, for the
income effect therg is no a priori constraint in sign since the
Dn+1,j
when

term is not a principal minor. The income effect may be positive

Dn+1,j > 0, and the jEﬂ commodity is classified as a normal

good. The income effect may be negative when Dn+1,j < 0, and the jEﬂ
. . . . . ) R
commodity is considered an inferior good. As a Consequence, depending
on the absolute value of the income effect in re]at1on to the
substitution effect, the sign of the total effect ——l(that corresponds

to the slope of the demand curve for J—D-good)cannot be stated on

a priori grounds.

The cross price slope, obtained by dividing dxj in equation 2.24
by dpyj, treating the own price and income changes as being equal to
zero (or, dp; = dI = 0):

9 a3 U _ 3 _n S -
If x =55 =37 [U(xqox))] = : Uj 57 » 1=T...n. U3 = Ap;
from the first-order condition then:

sy _ M e Y 30 _ . 8

31 %i:='| _ }\p.i"'a—l = Xﬁ %i:::n p,iX.i.Or‘, a—I— = A B_I(I) = )

and » > 0, since Ui > 0.
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dx: D..x D X
J _ 1] n+l,j 1 ey s s o
m 5t 5 iFj 1,j=1...n (2.26)

The first term on the right-hand side in equation 2.26 can be
positive or negative since Dij is not a principal minor of the bordered
Hessian matrix. Thus, on equation 2.26, the sign of the total cross
price g—l is to be determined empirically. If it is greater, less or
equal to'zero the commodities i and j can be classified as substitutes
complements or independents, respectively.

The Slutsky symmetry condition states thqt the first term_of the
right hand side of the Slutsky equation Eli—x is equal to—il A.

D D
This holds true because Dij = Dji’ since the bordered Hessian matrix
is itself symmetric, i.e., 820 _ _ 82U
axiaxj axjaxi

In terms of elasticities, the negativity and symmetry condition
are represented respectively by:

._=-_,- 2. ji=1... 2.
e5; eJJ wJeJI j=1...n (2.27)
and .
e d o o . cs sl
JF 5, esi = Ws (e51 ejI) i#3§ i,j=1...n (2.28)
where: i axJ pJ
&5 = (gag-ig ) U = Constant

Adding together these "restrictions", the number of independent
parameters in the system of demand equations, equal to 1/2(n2+n)-1,
remain to be estimated.l®

10

Initially, g1ven n commodities, there were n direct price elasticities,
n2-n cross-price elasticities and n income elasticities. The symmetry
restriction reduced this number by /Zgn2 ) coefficients and the
Courngt and Engel restriction reduced the coeff1c1ents by (n+tl). Hence,
1/2(n“+n)-1 coefficients still remain to be estimated.



21

The concept of separability!! reduces the number of parameters
further and provides the necessary justification for defining goods
related to a particular commodity of interest. This allows the omission
of certain price variables, without necessarily incurring specification
bias. Having this theoretical justification for the exclusion of
some goods, the quantity consumed of a particular good is explained in
terms of its own price, the price of other closely related goods in
consumption, and the consumer's income. The maximization problem.is
solved by a two-stage budget allocation: firstly, the consumer allocates
his income among various subsets of commodities and, secondly among
commodities within each subset.

Being empirically impossible to determine separable groups of
commodities by looking at their marginal utilities, some authors such
as dedanvry (1966) used factor and cluster analysis to compose groups
of commodities closely related in consumption. This dedanvry's
grouping was adopted by George and King (1971) in their empirical work,
resulting in 15 different groups of food commodities.!2

Supply

Just as the demand equation derives from a set of maximization
conditions under constraint, the supply relationship stems from the
maximization of profits for a producing unit, subject to the production
function contraint. That is, given a continuously differentiable
production function:

11

According to Hassan and Johnson (1976), the concept of separability
was introduced by Leontief (1947) and Sono (1961). Three types of
separability were defined: strong, weak and Pearce separability
[Goldman and Uzawa (1964)].

12
For example, by using dedanvry's proportionality factor defined as:

e-
8;. = I il + 1, fish products were considered within the food

1] ejI wje1.I

group of animal protein, including beef, veal, pork, lamb, chicken and

turkey.
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Y=y (z] ..... z, ) (2.29)

where:

<
]

level of output produced;

N
1]

level of inputs employed in the production
of ¥, i=1....n.

It is assumed that the firm seeks to maximize its profits:

Max ¢ = PyY - (p] o pnzn) (2.30)

subject to a production function:

Y = y(z]....zn) i=1...n (2.31)

where:

E ]
]

profit given by the difference between revenues
and total cost;
given price of output y;

O
1]

P; given price of input i.

When the production function is substituted for Y in equation
2.30, the problem becomes an unconstrained maximization of profits:

n
Max 1 = Py[y(z]....zn)] - §=] P54 (2.32)
and the necessary first-order conditions for maximization become
equal to:
3 _p 3 -py 0 for all i, i=1,...n (2.33)
3z, y 3z,

i i
The equation 2.33 implies that the firm will employ resources in
producing Y up to the point where the value of the marginal contribution
of each input i is equal to the cost of acquiring additional units of
that factor, P For the multiple output-multiple input case, the first-

order condition for maximization of profits can be stated, accordingly:
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oy
=1 . =
Pyj 75 Pi 0 (2.34)
J
where z.. is the amount of input i used in the production of output j

1]
and i=1...n, j=1...s.

From the first-order equations plus the given production function,
one can derive the output supply and the input demand functions, provided
that the second-order conditions are satisfied:!3

S _ .S

Y° =y (Pyp]...pn) (2.35)
Z] = Z](Pyp]...pn) (2.36)
Zn = Zn(Pypl"'pn) (2.37)

The output supply function indicates the amount of the output Y that will
be supplied as a function of its respective price and the prices of all
inputs (equation 2.35). The input demand functions indicate the amount of
each input i that will be hired as a function of its own price, the other
input prices and the output prices (equations 2.36 to 2.37).

By differentiating this system of equations, a set of restrictions
is derived: (a) the sign conditions; (b) the symmetry conditions; and
(c) the homogeneity condition.

The sign conditions states that: (a) the factor demend curves must
be downward sloping in its correspondent facgor price; i.e. the derivative
%%% < 0. This is the case, since %ﬁ%-= - %5%7 < 0 from the convexity
of the profit function in Pi; (b) the output supply curve must be upward
sloping in the output price, i.e. the derivative %%—-= %;37- > 0 from the
convexity of the profit function in Py. However, t%ere i¥ no a priori
restriction on the sign for: (a) the response in the demand of an

input i due to changes in the output price and in the other inputs

13The second-order condition for profit maximization requires the principal
minors of the relevant Hessian determinant alternate in sign, starting with
the negative, i.e. the production function be strictly concave at the point
at which the first-order condition is satisfied.
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prices;!* and (b) the response in the quantity supplied of an output
Y due to changes in the input prices.!5

The symmetry conditions follow from the mixed second order partial
derivatives. That is: (a) the change in the quantity of an input i
demanded associated with a change in the price of input j is equal to
the change in the quantity of an input J demanded associated with a
change in the price of input i:

9z 924 C L. .

E-B_P_i 1#J 1,J=1....n (2.38)
since

0Z. 2 2 °0Z.

_1 .8 - 37 = 3 (2.39)

°P3 8Py oP; 3p;3P§ 3P4

(b) the change in the quantity demanded of input i due to changes in
the output price is equal to the negative of the change in the quantity
supplied of output y due to a change in the 1Eﬂ input price,or:

iy (2.40)
aPy 3P;
since
92{ 92y a2y _ 3y (2.41)
aPy aPyaP1 aPiaPy 3p;
1 9%y . . o .
If 55— <0, the input i is called inferior, provided that not all
y 3z
inputs are inferior simultaneousiy. If aP1 > 0 the input i is
non inferior. Y
925
If 5P 0, 1 #Jj and i,j=1...n, the inputs i and j are called
J 3z
substitutes and if 55%—< 0 those inputs are called compiements
[Intriligator, 1978].J
5 . . 9z 3 Y
From the homogeneity condition: —5— = - -5 .
aP aPi

y
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Finally, the homogeneity condition states that the output supply

function and the input demand functions must be homogeneous of degree
zero, i.e., the solution for profit maximization must be invariant to
simultaneous and equi-proportional changes in output and input prices.
Expressing this condition in terms of elasticities of the input demand
and the output supply, respectively:

. . P
Z
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IIT. EMPIRICAL FRAMEWORK

Considering the foregoing theoretical framework, previous empirical
studies and the available information on the markets for frozen ground-
fish blocks (both at national and international levels), the intention
in this section is to formulate a specific model to represent the main
economic forces affecting international trade for this fishery product.

It is unlikely, however, that this study will be able to include,
identify, quantify and analyze all factors which influence the trade
flows and prices. In the empirical implementation of economic analysis
some aspects often have to be excluded. Lack of data, time and funding |
constraints and other limitations of this order are among the main
reasons for simplifying the real-world phenomena.

Thus, it is necessary to reduce the size of the economic analysis
of international trade on frozen groundfish blocks. In order to do this,
one must make simplifying assumptions, make judgments about the appro-
priate interval when demand and supply decisions are elaborated, choose
a reasonable time period and geographical area for study, pick those
points in the market channel on which to focus attention and select
those variables that should be included in the model. Similarly, the
choice of an analytical model and the proper algebraic form of estimating
equations must be made as well as the choice of the statistical estimator.

These series of choices were made according to the steps which are
discussed in the next two chapters.

Modelling Alternatives in International Trade Models

There are various economic approaches in the literature upon which
one may model trade relations. Some of these include spatial equilibrium
models, system dynamics models, econometric models, allocative imports
among supplier models, and models that distinguish goods by place of
production.!

lApplications of these approaches include: a) for the systems dynamics
models best known applications are: Forrester (1971), Meadows et al
(1972); b) for allocative imports among suppliers models: Truman and
Resnick (1973) Truman (1974); c) for commodities by place of production:
I.M.F. models by Armington (1969), Rhomberg (1970), Artus and Rhomberg
(1973). For further discussion refer to Grennes et al (1977).
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Two of these models were considered as applicable to the objectives
of this study: the spatial equilibrium models and the econometric models.
The spatial equilibrium models, first formulated by Enke (1951) and
developed by Samuelson (1952), have been used extensively in international
and interregional trade studies. The object of such a model is to select
prices, quantities and trade flows, which maximize the "net social payoff"
defined by Samuelson (1952) as a sum of consumer surplus, producer surplus,
net of transportation costs [Grennes et al (1977)]. That framework illus-
trates how a problem of interspatial markets can be formulated mathemat-
ically as a maximization problem. Moreover, Samuelson's suggestion that
the problem could be handled by using the mathematical developments,
pioneered by Koopmans (1949) and Dantzig (1951) is relevant. This rele-
vance is mainly due to developments in capturing the corresponding
operational models, achieved by Takayama and Judge (1964), Takayama (1966),
Takayama (1967) and Takayama and Judge (1971).2

Fox (1953) and Fox and Taeuber (1955) made one of the first empirical
applications of spatial equilibrium models in the area of livestock-feed
economies. Judge and Wallace (1958) provided a summary of this model and
Bawden (1966) first discussed the application of such models for inter-
national trade problems, explaining how trade policies (such as import
duties, import levies, export subsidies and quotas, etc.) may be incor-
porated into the model.

Other researchers have applied this model not only to international
markets,3 but also to interregional markets.“

2See Tenthold and Bawden (1966) for a bibliography of spatial equilibrium
studies as well as Judge and Takayama (1973).

3Mention can be made of the studies in international markets: Dean and
Collins (1967) for fresh oranges; Bates and Schmitz (1969) for sugar;
Zuszan et al, (1969) for winter oranges; Rojko et al (1971) for grains;
Schmitz and Bawden (1973) for wheat and Takayama and Hashimoto (1976)
for food.

“These include other studies, e.g., Henry and Bishop (1957) for broilers;
Judge (1959) for tivestock; King and Schader (1963), Guedry and Judge
(1965) for cattle and feed grains; Hall et al, (1968) for U.S. agriculture;
Judge et al, (1965) for livestock; Hsiao and Kottke (1968) for dairy
industry; Leath and Blakely (1971) for grains; Brain and Jack (1973) for
fresh apples; West and Brandow (1973) for dairy products.
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The spatial equilibrium models have been used for normative purposes
when the help to define the existence of a problem rather than the reason
for its existence, i.e., “...show how the output at many locations 'should'
flow to many consuming areas if competitive conditions are to be attafned
and costs minimized." [Lee and Seaver, (1971), pp. 63].

The authors referred to above avoid the normative use of spatial
equilibrium and instead suggest the use of this model be applied to the
broiler markets with a positive purpose that, "...should estimate the
demand and supply functions simultaneously within the model in order to
produce quantitative statements 'describing' the existing competitive
markets and to predict the future course of economic variables. [Lee and
Seaver, (1971), pp. 63].5 Following this same approach, Charbonneau and
Marasco (1975) examined the U.S. fresh and frozen oyster market.

According to Grennes et al (1977), there are some limitations on the
use of this model for empirical work, derived from a set of very restrictive
assumptions which are made in its formulation. Those limitations are:

(a) the product under consideration must be homogeneous in the sense that
the consumers are indifferent to the source of their purchases; (b) cross-
hauling is excluded, since regions in deficit cannot export and vice-versa;
(c) adjustments of the trade matrix due to changes in transportation cost
are abrupt rather than smooth. Additional limitations include: (a) the
impossibility of incorporating time lags and other non-quantitative
institutional arrangements into the model; (b) the generated trade matrix
tends to have many more zero elements than does the actual trade matrix.

Considering the above shortcomings of the spatial equilibrium models
and the fact that such a model needs a great amount of detailed data in a
large number of markets for an empirical implementation, a decision was
made to utilize econometric techniques as an alternative for analyzing
the economic forces affecting international trade in groundfish blocks.

SSome would argue that although spatial equilibrium models have been used
for normative purposes, they are not intrinsically normative.
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Certain advantages can emerge from the use of traditional multi-
variate regression methods in the analysis of import and export data
thereby avoiding the very restrictive assumptions imposed by spatia]f
equilibrium models. Endogeneous variables can be assumed dependent \
on certain exogeneous variables, recursively or simultaneously. A]so;
some non-quantitative and lagged variables can be easily incorporated
in the model. Furthermore, grouping countries into broader categories
can be performed freely, without necessarily compromising the validity
of the study and its objectives.

Literature Review: The Groundfish Market

The number of ehpirica] studies dealing with trade flows in
groundfish or groundfish products in the literature is relatively
small and is discussed in this section. Some demand studies for
groundfish species of interest are also considered.

The study of Bell et al (1970) reported in Labys (1975), develop-
ed a large world model of Tiving marine resources in which groundfish
was included among 12 other fish species. The intention was to
integrate all relevant biological and utilization factors into one
complete model of world demand and supply for seafood products. The
period of analysis was 1948-1968 and projections of consumption and
prices to the year 2000 were derived for the U.S., taking into
account all world markets. _

A set of regional supply equations was derived from Schaefer's
(1964) Togistic growth model of a fishery biomass and estimated,
assuming alternately linear and decreasing returns from fishing
efforts.® Demand projections were made and regional supply pro-
jections were summed in order to estimate a world supply. By
an iterative procedure, the world supply was equated to the pro-
jected world demand for each species, yielding projected equilibrium
world prices. Of interest here is the ex-vessel demand estimates
for groundfish species in Japan, Canada, Korea, Denmark,

®The derivation 6f the supply curve for fish is presented formally in
Anderson (1977) and Bell (1978).



Table 3. Regression Results of Groundfish Demand Equations.
by Selected Countries, in Bell et al in Labys {1975)

_Ex-Vessel Incgmg 2 )
Country Constant Price Elasticity Elasticity R Period
{1) (1)

United States (US) -2.01 0.10 0.85* 0.84 1948-68
Japan -1.69 0.28 1.05* 0.83 1956-67
Canada 6.60 -3.63 1.20 0.30 1953-66
Korea 2.27 *0.79 -1.06 0.26 1956-67
Oenmark -3.90 -0.30 1.95* 0.83 1956-67
France -10.31 -7.12* 6.60* Q.46 1956-67
Netherlands 6.97 -0.08 2.67* 0.88 1956-67
Uni ted Kingdom (UK) -4.15 -1.40* 2.19* 0.55 1955-66

(1) "t" values for the coefficients significant at the five percent level are indicated
by * symbol.

SOURCE: Bell et al. in Labys (1975)



31

France, the Netherlands and the U.S. The estimated price and income elas-
ticities, generated from double-log equations are shown in Table 3.

The authors found some inconsistencies with these coefficients and the
derived direct and income elasticities were modified by them,in order to
make long term projections by using the elasticity of the same product
from a country with similar consuming habits (these adjustments are

shown in Table 4 ).

Table 4. Groundfish Demand: Adjusted Direct Price and Income
Elasticities Utilized for Making Projections in Bell
et al. (Labys, 1975).

Adjusted Adjusted
Country Price Elasticityv Income Elasticity
United States -1.002 0.85
Japan -1.098 1.05
Canada - -1.00° 1.21
Korea -1.002 1.06
Denmark -1.40° 1.95
France -1.40°¢ 2.19¢
Netherlands -1.40°¢ 2.19%
United Kingdom -1.40 2.19

(a) Price elasticity assumed to be -1 when "wrong" sign was found.

(b) Elasticity "too high" and Tow "t" value, correct elasticity
assumed to be -1.

(c) Magnitude of elasticities unacceptable, substituted by U.K. price
and income elasticity.

Source: Bell et al., in Labys (1975).

One study dealing directly with foreign groundfish blocks and fish
sticks and portions is Newton's (1972) dissertation. Newton's main ob-
jective was to analyze the impact on the U.S. industry of a tariff
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reduction on imports of sticks and portions, effective after 1972. He
looked at the .. . "ability of foreign nations to compete for a share of the
U.S. market as a result of this tariff reduction.” The secondary objective
was to describe the geographic and structural characteristics of the U.S.
sticks and portions industry with information directly obtained by inter-
views with processing firms. In order to estimate U.S. supply and demand
relations for fish sticks and portions, the author incorporated in his
model the supply and demand of groundfish blocks, since the latter is
the imported raw material used in the production of sticks and portions.
0f interest is Newton's econometric model, which hypothesized simultaneous
determination of prices and quantities in the market for sticks and
portions and the market for frozen blocks. He constructed a model of
four log-linear equations, including supply and demand relations for both
products. Using annual data, the parameters were estimated by LIML
(Limited Information Maximum Likelihood), TSLS (Two Stage Least Square)
and OLS (Ordinary Least Square) procedures. The empirical results, shown
in Table 5 were considered unsatisfactory by Newton because of the
time interval used (monthly or quarterly information on the variables
was not available) and the inadequate model specification. However, the
Newton study offers a comprehensive historical overview of the U.S. sticks
and portions processing industry and a unique description of the market
structure of this sector. This includes locational, technological, and
economic aspects. This overview is particularly relevant for the present
study and will be of interest in discussions to follow.

Another analysis closely related to this present study is Bockstael's
(1976) dissertation, which attempted, as part of a broader undertaking, to
estimate the U.S. supply and demand for frozen groundfish blocks, at the

import level. She considered, "...the interaction of consumer demand, im-
ports and domestic landings in determining ex-vessel groundfish prices to
domestic fishermen and retail prices of various groundfish products’ (pp. 8).

This part of her dissertation is an econometric analysis of the groundfish



Table 5. Empirical Results for Simultaneous Model of US Supply and Oemand of
Groundfish Frozen 8locks and Stick and Portions by Newton (1972),
Yearly Oata, 1964-1970.

LIML (1) TSLS (2)
Regression "t Repression "t"
Equation Coefficients values Coefficients values Variable definition (3)
X45 Constant -3.97 -3.63 -3.16 -3.04 X45 = log quantity of blocks
X43 -2.86 -3.66 -2.07 -2.78 Log Price of Frozen Blocks
(Supply of . .
Blocks to X52 5.52 4.17 4.27 3.39 Log Price of frozen Fillet
the U.S.) xa7 0.39 4.76 0.38 4.86 Log Horld Cod landings
X45 Constant 0.79 1.84 0.84 1.97 X45 = 109 quantity of blocks
(Oemand of X43 -0.06 -0.21 -0.04 -0.16 Log Price of frozen Blocks
8locks to X41 0.39 3.95 0.34 3.50 Log Current level Block lnventory
the U.S.) X04 -0.02 -2.09 -0.02 -2.02  Oumy Variable for Bishop Occree
X16 0.01 2.61 0.01 2.69 0i fference between log current and twelve month
langed inventory
X17 -0.01 -4.45 -0.01 -4.37 0i fference betwecen log current and eleven month
lagged inventory
%o Cons tant 0.54 0.07 -0.07 -0.09 X46 = log quantity fish stick/portions
(Supply of X41 0.37 4.92 0.32 30 Log Current level 8lock lnventory
Stick & X42 0.66 1.38 0.39 0.83 Log quantity weighted price for Stick/Portions
f‘;’{,‘lg“a_s.) x40 0.09 2.92 0.11 3.87  Log time, 1964=1
x86 Cons tant -6.73 -2.97 0.33 0.42 X46 = 109 quantity stick/portions
(Oemand of X49 -0.93 -4.44 -1.04 -1.92 Loa Price Fish Stick/Partions deflated by
Stick & holesale Price Index
Portions X04 0.02 1.09 -0.02 -2.43 Oummy Variable for Bishop Oecree
in the U.S.} 449 0.07 0.90 0.18 6.92  Log time, 1964=1
X51 10.43 4.02 1.14 1.26 Log Price frozen fillet deflated by

Wholesale Price Index

(1) LML stands for Limited Information Maximum Likelihood procedure;
(2) TSLS stands for Two Stages Least Square procedure
(3) Endogeneous variables are: X411, X42, X43, X45, X46, X49.

SOURCE: Newton (1972)

€€
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market inc1dd1ng fresh and frozen fillets, frozen blocks and sticks and
portions. She constructed a block recursive system of equations from
retail to imports utilizing monthly data from 1964 to 1974. She
employed both OLS and TSLS to estimate the parameters in each block. Of
interest for the present study is her modelling of import markets in a
system of four linear equations which included both supply and demand
for frozen fillets and for frozen blocks of groundfish. The variables
selected and the results obtained by TSLS procedure are summarized in
Table 6 . It seems that she captured the main factors affecting supply
and demand for frozen groundfish products imported by the U.S. For
almost all of the coefficients the signs were according to a priori
expectations and were statistically significant at the 95 percent level,
especially for groundfish fillets. The U.S. import demand for fillets
was shown to be affected by its own import price, the domestic wholesale
fillets price, the level of fillets inventories, the expected rate of
disappearance of fillets, a seasonality variable which distinguished March
to May, from the rest of the year and a variable for anticipated ICNAF
c]osings.7 In contrast, the estimated U.S. import demand equation for
blocks did not uncover a significant dependence of quantity demanded on
its own import price, but the total inventories of blocks, sticks and
portions, the expected rate of disappearance of sticks and portions and
two seasonal variables were more important for explaining changes in
U.S. imports of blocks in her model. On the supply side, the quantity
of both blocks and fillets seemed to vary with import prices, world
landings, West German domestic prices for these products and the
variables accounting for the dollar devaluation and the quota system
applied to frozen fillets. In this supply-demand model, Bockstael
utilized a three month lag on prices as this lag fit the data better
than any other. This was introduced in order to consider prior trade
contracts among U.S. buyers and foreign suppliers. Also, the retail

7.ICNAF stapds for“Internationa] Commission for the Northwest Atlantic
Fisheries.
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Table 6. U.S. Supply and Demand of Frozen Groundfish Fillets and Blocks
Estimated by Bockstael (1976) Using TSLS and Linear Equations,
Monthly Oata, 1964-1974.

Equation and Coefficient Value
Variables and Significance Variable Qefinition (1)
Constant 11.71* IMPZ = monthly imports of frozen fillets
IMPZ?’ PIZt_3 -0.70* Monthly weighted average import frozen fillet price
F’WZt_3 0.03* Monthly weighted average wholesale frozen fillet price
(Gemand HZt-3 -0.20* 1st month cold storage holdings of frozen fillet
Frgzen 0ISZ 1.05* Twelve month moving average of disappearance rate of frozen fillets
Fillet) S1 1.21 OQummy = 1,for Oec.-Jan.-Feb.; zero,otherwise
S2 3.99* Qummy = 1, for Mar.-Ap.-May; zero, otherwise
S3 -0.13 Oummy = 1,for June-July-August; zero,otherwise
10 2.68* Anticipatory variable for ICNAF closings
Constant -9,66 IMPB = monthly imports of blocks
IMPBS F’IBt_3 ) -0.06 Monthly weighted average import blocks price
PSPt_3 0.38 Monthly weighted average wholesale stick-portions price
{0emand HSt_3 -0.23* 1st month cold storage holdings of stick-portions and blocks
Blg:ks) 0ISP 1.03* Twelve month moving average of disappearance rates of stick-portions
S1 -0.25 Dummy = 1, for Oec.-Jan.-Feb.; zero,otherwise
S2 2.62* Oummy = 1, for Mar.-Ap.-May; zero,otherwise
S3 3.17* Oummy = 1, for June~July-August; zero,otherwise
Constant -3.05* [MPZ = monthly imports of frozen fillet
IMPZ% PIZt_3 0.69* Monthly weighted average import frozen fillet price
PIBt_3 -0.15 Monthly weighted average import blocks price
(Supply WGZt_3 -3.93* Monthly West German price of Cod frozen fillet
of
Frozen WLO 0.16(E-05) Three month moving average of groundfish catch in Iceland,
Fillet) ' United Kingdom, Canada, Norway, Oenmark
00 -10.47* Oummy for dollar devaluation DD = 1,01/1964 to 09/1973,
zero otherwise
SQ 2.38* Oummy for quota SQ = l,January, April, July, October,
zero otherwise
Constant 29.66* IMPB = monthly imports of blocks
IMPBi PIBt-3 0.60* Monthly weighted average import blocks price
PIZt_3 0.23 Monthly weighted average import frozen fillet price
WGBt_3 -5.26* Monthly West German price of Cod blocks
{Supply
of WLO 0.29(E-04)* Three month moving average of groundfish catch in Iceland,
Blocks) United Kingdom, Canada, Norway, Oenmark
00 -14.01* Oummy for dollar devaluation 0D = 1,01/1964 to 09/1973

zero otherwise

(*) Statistically significant at 95% level;
(1) Endogeneous variables: IMPZ, [MPB, PIZ, PIB and t = monthly observations.

SOURCE: Bockstael (1976)



36

demand market results indicated an extremely high direct price elasticity

of demand for fresh and frozen fillets, equal to -6.21 and -3.71, respec-
tively. However, she did not obtain a statistically significant direct price
elasticity for the retail demand of sticks and portions and felt this re-
sulted from the use of wholesale prices of sticks and portions as a proxy

of their retail prices. She found also that the estimated income elasti-
city for these three groundfish product forms was statistically signifi-

cant only for fresh fillets, where it was estimated at 2.26. Furthermore,
the Tog-linear form of the retail demand equations gave a better fit than

did the linear form according to the author.

In the literature, there are several other studies dealing with
groundfish in U.S. markets. A few of them have considered the role of
inventories and imports in the analysis and most of them have dealt with
the harvesting sector. However, some interesting results of relevance
to the present study have emerged, especially those pertaining to the
magnitude of the estimated price and income elasticities of demand for
groundfish species. Furthermore, the approaches used in these applied
works may help in the general model formulation of the present analysis.
Some of the most significant studies and their conclusions are mentioned
next.

Nash, in Bell and Hazleton (1967), summarized some of the results of
demand analyses for aboiit 20 fish products, performed by the Division of
Economics, Bureau of Commercial Fisheries. He reported that demand for
all fish and shellfish,taken as a group,was estimated to be price inelastic
(equal to -0.45),while for individual species the demand tended to be
highly elastic. That is: (a) fresh flounder fillets showed a price
elasticity of between -4.0 to -6.0 for the 1950-1963 period; (b) the price
elasticity of demand for frozen flounder was about -3.5 for the 1954-1963
period; (c) fresh and frozen haddock price elasticity was estimated at
-1.4 for the 1954-1964 period. These results are in accordance with
a priori expectations: less aggregated data representing doods with
more substitutes generally led to higher estimated price elasticities
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and vice versa. The income elasticity for the fish and shellfish group
was below unity (0.65 to 1.00), indicating that consumption of fish is a
smaller proportion of the consumer's expenditures as income increases.
However, for individual groundfish,the income elasticity ranged between
2.50 to 5.90, probably explained by the advent of sticks and portions,
encouraging the increase of groundfish consumption. Estimated cross-
price elasticities suggested that meat is an important substitute for
fish as a group but not for individual fish products.

Bell (1968) attempted to evaluate the impact of the "Papal-Bishop
decree" on the demand of fish in the Northeast U.S., where the Catholic
popu]ation is concentrated.8 Using monthly observations for the period
January 1957 to August 1967, log-linear price dependent demand functions
at the ex-vessel level were estimated by OLS for sea scallops, yellow=tail

4

flounder, large and small haddock, cod, ocean perch and whiting. The in-
dependent variables selected were: (a) landings; (b) aggregated personal
income; (c) beginning of the month cold storage holdings; (d) imports;
(e) consumer price index for meat and poultry; (f) weighted ex-vessel
prices for combeting fish products; and (g) two variables accounting

for the Lenten period and for the "Papal-Bishop decree." Direct price
and income demand flexibilities were estimated and are shown in Table?7

in "elasticity" form. Quantity landed had negative, statistically signif-
icant coefficients in all cases but ocean perch. Aggregate income did
not display significant coefficients with the exception of flounder and
whiting. The cold storage variable had two different effects on ex-
vessel prices: (a) a negative effect for large haddock, ocean perch

and whiting; (b) a positive effect for flounder, small haddock and
whiting. Bell explained this as..'negative or stock adjustment of in-
ventory effect. The second is positive since buyers may purchase when

8The requirement that U.S. Catholics abstain from eating meat on Friday
was abolished in December 1966 by a Bishop's decree. This followed a
Papal Decree in February 1966 which relaxed rules on abstinence from
meat during Lent. Those decrees are the "Papal-Bishop Decrees."



Table 7. Summary of Selected Empirical Oemand Studies and their Estimated .
Price and Income Elasticities, for Groundfish Species.

Period Elasticity of Bemand
Author and Price Income
and Geographic time Market Form of Econometric
Source Species Area interval Level Equation App{o;ch () (2)
4
Bell (1968) Yellowtail New England 1957-67 Landings " log-linear oLS -2.29* 1.97+
Flounder . monthly inverse
Large Haddock Hew England 1957-67 Landings log-1inear aLs -2.17* Q.46*
monthly inverse
Small Haddock New England 1957-67 Landings log-linear LS -2.19* -0.33
monthly inverse
Cod Hew England 1957-67 Landings log-linear aLs -3.15* G.10
monthly inverse
Ocean Perch Hew Ennland 1957-67 Landings log-linear aLs -250.0 Q.75
monthly inverse
Whiting New England 1957-67 Landings log-linear as -22.22+ 32.04*
monthly inverse
Haugh in Hash
and Bell (1969) Haddock Boston Pier - Landings log-linear LS -3.22* -
monthly inverse
Scrod Boston Pier - Landlngs log-linear aLs -4.33 -
monthly inverse
Cod Hew York - HWholesale 10g-linear OLs -2.90* -
Fulton Market monthly inverse
Flounder tew York - Wholesale log-linear aLs -10.28* -
Fulton Market monthly inverse
Bell in Nash
and Bell (1969) Cod Bos ton/tew
Bedford and - Landings log-linear OoLs -3.30 -1.94*
Gloucester monthly inverse
Yellowtail Hew bediord - Landings log-linear aLs -2.28* 1.76*
Flounder . monthly inverse
Whiting Gloucester/ - Landings l0g-linear oLs -22.13* 27.79*
Portland/ monthly inverse
Rockland
Lampe and Haddock New England - Wholesale
Farrell in monthly frozen fillet log linear LM 1.40* -1
Hash and .
Bell (1969) -
Storey and Lee Haddock Holyoke - Retail linear oL5 - -
in Nash and Springfield, weekly
Bell (1969) Mass.

(continued)
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(continued, Table 7)

Period . E

Jasticity of Demand
Author ) and Price Incone
and Geographic time Market Form of Econometric
Source Species Area Interval Level Equation . Appaffch (m (2)
Farrell and Haddock Hew England 1954-62 tandings log-linear (@1 -2.22*
Lampe {1967) monthly all year inverse
Haddock tiew England 1954-62 Retail log-linear LM -32.25* 7.20*
monthly all year inverse
Haddock New England 1954-62 Landings log-linear LK -2.22* -
nonthly I1st semester inverse
Haddock New England 1954-62 Landings log-linear LM -1.72 -
monthly 2nd semester inverse
Haddock New England 1954-62 Retail log-linear LML -4.91* 1.49*
monthly Ist semester inverse
Haddock New England 1954-62 Retail log-linear LI -4.41* 0.16*
monthly 2nd semester inverse
Waugh and "Market Hew York 1962-60 Landlnns linear oLs -2.73* 2.87*
Norton {1969) © Cod” (3) Fulton Market monthly inverse
“Market New York 1962-68 Landings log-lincar oLS -2.74 3.on
Cod” Fulton Market monthly lnverse
"Market Boston Pier 1962-68 Landings linear oLS -5.05* 3.39¢
Cod" monthly inverse
"Market Boston Pier 1962-68 Landings 109-linear oLS -4, 36* 2.98*
Cod™ monthly inverse .
"Steak New York 1962-68 Landings linear oLS -1.59* 1.89¢
Cod" {3) Fulton Market monthly inverse
“Steak few York 1962-68 Landings log-linear oLs -1.84* 2.33*
Cod" Fulton Market monthly
Large Boston Pier 1962-68 Landings linear oLs -6.10* 3.18*
Cod monthly inverse
Large Boston Pier 1962-68 tandings log-linear oLs -5.97+ 3.27*
Cod monthly inverse
Haddock Hew York 1962-68 Landings Vinear oLs - -
Fulton Market . monthly
Haddock tlew York 1962-68 Landlngs log-linear oLS -17.27 30.64
Fultnn Market monthly inverse B

6¢



(continued, Table 7)

) Periad Elasticity of Demand
Author ) and Price Tncome
and . Geographic time Market Form of Econometric
Source Species Area Interval Level Equation Approach (1) (2)
Large Boston Pier 1962-68 Landings Vinear oLs -4.240 2.32¢
Haddock monthly inverse
Large Boston Pier 1962-68 Landings log-linear oS -3.39 1.47*
Haddock monthly inverse :
Scrod Boston Pier 1962-68 Landings linear oLs -3.58* 2.49*
Haddock monthly inverse
Scrod Boston Pier 1962-68 Landings log-linear oLS -4.18* 2.82*
Haddock monthly inverse
Hhiting Hew York 1962-68 Landings linear oLs -1.41* 2.04~
Fulton Market monthly inverse
Hhiting New York 1962-68 Landings log-linear s -176* 3,37+
Fulton Market monthly inverse
Lee and ltaddock HMassachusetts 1967 Retail linear oLs -3.00 -
Storey
(1970)
0’ Rourke and Lingcod California - Ex-vessel log-linear os -8.21* .27
DeLoach (1971) annual inverse
’ Lingcod Pacific Coast - Ex-vessel log-linear oLs - 3). 22+
annual inverse
Lingcod Pacific Coast - Processed log-linear aLs -13.84 -5.78
) annual inverse
Flounder Pacific Coast - Ex-vessel log-linear os -5.18* -1.66
annual inverse
Flounder Pacific Coast - Processed semi-log 0LS . - 2.87*
annual inverse
Flounder California - Ex-vessel log-linear LS -2.58* 0.78*
annual inverse

{1} The reciprocal of the direct price flexibility (obtained in inverse demand equation) is the lower absolute limit
of the direct price elasticlty if it is assumed,for simplicity,that the cross-price effects were close to zero.
See Houck (1865) for further discussion;

(2) The inconz elasticity was calculated by dividing the estimated income flexibility by the estimated price.
flexibility;

{3) Oesignation used by the authors probably referred to a market classification of the species;

(4) OLS (Ordinary Least Square):LIML (Limited Information Maximwe Likelihood).

(*) Coefficient significant at five percent level. When the coefficient of price flexibility was not statistically
significant, the transformation of flexibilities into elasticities includes an additional source of error, by
virtue of the residuals being measured vertically in the fonner case and horizontally in the latter.

Ot
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brices are falling (i.e. in the summer months), and sell (i.e. in the
winter months) when prices are rising" [ibid, pp. 1349]. Imports
affected the ex-vessel prices for flounder, large haddock and whiting
negatively, and the prices of the other species, positively. Meat

and poultry prices had a positive impact on the dependent variable.
Ex-vessel prices for groundfish apparently rise during Lent in response
to ex-vessel prices of competing fish products landed in New England.
Bell's results indicated the demand for groundfish shifted downward,
after 1966 when Roman Catholics were permitted to consume meat on
Fridays during Lent. The major difficulty encountered by Bell in this
study was a positive autocorrelation in the residuals, casting doubts
about the impact of the church decrees in the long run.

In November 1968, the Bureau of Commercial Fisheries held a
conference on the demand for fishery products (Nash and Bell, 1969).
One of the main goals was to draw together all the demand relationships
for fish species estimated by various researchers. For groundfish
species, the major contributions were due to Waugh, Bell, Lampe and
Farrell, and Storey and Lee, whose estimates of price and income
elasticities are summarized in Table 7. A study of Farrell and Lampe S
(1967) refers to an:.analysis of demand and supply of haddock products
in New England at various market levels: landings, wholesale, cold
storage, imports and retail. This study was one of the first attempts
to consider the mutual dependence of these market levels. As a conse-
quence, the authors estimated the parameters of the system of ten log-
linear equations using LIML procedures. The data were monthly, covering
the period of 1954 to 1962. The authors obtained two sets of estimates,
using whole-year and half-year data in different equations. The latter
accounted for an increase on market activity in the first half of the
year. However, this model generated statistically significant coeffi-
cients in the demand and supply equations at only the landings and
retail market levels and not at the intermediate market levels (wholesale,
imports and cold storage). Thus, only inverses of the estimated price
and income flexibilities of demand, in the landings and retail markets,

are reported in Table 7. Of further interest to the present study is
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the empirical evidence of an increase in consumption of haddock
during the first half of the year, explained by the authors by the
observance of Lent.

Waugh and Norton (1969) relying on an earlier work (Waugh in
Nash and Bell (1969)) developed an investigation on the variations
in fish prices including groundfish, for the New England fishing
industry. The monthly, undeflated, ex-vessel prices were specified
to be a function of current landings, total income and trigonometric
(sine and cosine) variables, for the 1962-1968 period. The latter
variables were designed to account for seasonal patterns. These
demand equations in both linear and log-linear form were estimated
by OLS. The inverses of the estimated price and income flexibilities
of demand for groundfish are reported in Table 7. In general, the
results yielded statistically significant coefficients with expected
signs with only a few exceptions (red snapper, scup, oyster, clams
and sea scallops). However, the presence of positive autocorrelation
in the residuals was detected in most of the equations. The authors
also compared the results using trigonometric variables and those
using monthly "dummy" variables. They concluded that the results
were basically the same under both procedures. Of further interest
is the formulation in this study of a model to examine the effects
of imports on annual average ex-vessel prices of flounder and other
groundfish (cod, haddock, pollock, cusk and hake), for the period
1954-1967. Considering the interdependency of domestic prices and
quantities imported, Waugh and Norton used simultaneous equations to
analyze this relationship. It was assumed that: (a) the ex-vessel
prices depend on total supply (domestic landings and imports) and
personal income; (b) the quantities imported depend on domestic
landings and tariffs. The system of structural equations in linear
form and the estimated coefficients, obtained by TSLS, were the
following:
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For flounder:

P=1.0644 - 0.044 Qd - 0,0430 Qm + 0,0250 T (3.1)

Qm = 213.9010 - 0.0307 Qd - 25.9783 t 3.2)
For groundfish:

P=-5.0377 + 0.0140 Qd - 0.0012 Qm + 0.064 Y (3.3)

Qm = 1564.20 - 0.51 Qd - 176.76 t 3.4)

where:
P = annual average ex-vessel price;
Qd - annual domestic landings;
Qm = annual imports;
Y
t

index of total personal income;

percent ad valorem tax on all fish

In equations 3.1, 3.2 and 3.4, the regression coefficients have
the expected signs while, in the demand for groundfish, represented by
equation 3.3, this is not the case for the domestic landings variable.
The authors explained this result by the decline in the share of
domestic Tandings on total U.S. supply of groundfish. Furthermore,
competitive relationships among fish, poultry and meat were investi-
gated in this study for the period 1935-1967. Per capita consumption
of each product was specified to be a function of its deflated retail
price index and income. OLS was used to estimate parameters, both in
linear and log-linear forms. While the estimated direct price
elasticities were negative, some inconsistent signs in the cross-
price elasticities were found and attributed to poultry per capita
production and prices.3 When the poultry price and consumption
variables were dropped from the demand equations, the results indica-
ted a substitutional relationship between fish and meat, although the
income coefficient in the demand for fish Jost its statistical
significance in this new approach.

3In this period, it was observed that ",..a sharp upward trend in
poultry production and a corresponding decline in the deflated price

of poultry " [Waugh and Norton, (1969), pp. 34] had occurred.
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At the retail level, Lee and Storey (1970) estimated, by OLS, two
demand functions for fresh haddock fillets, using weekly data for 1964
to 1968 from a sample of five stores in Massachusetts. The quantity
demanded was defined as the dependent variable and the independent
variables selected were: (a) retail haddock prices; (b) retail prices
of other competitive species (swordfish, halibut, flounder and cod);
(c) total store sales. Four “"dummy" variables were also included,
accounting for: (a) special sale price periods; and (b) quantity of
shellfish and other finned fish. However, the results were not satis-
factory due to problems of multicolinearity and autocorrelation but
the authors did show a high own-price elasticity of haddock demand
from the estimated equations (Table 7).

0'Rourke and Deloach (1971) studied the California fresh and
frozen fish and shellfish industry, from fishing through retailing
operations. The study included a sectjon which analyzed ex-vessel
prices for 12 finfish and shellfish species, including lingcod and
flounder for both the Pacific and the California Coast. They assumed
that annual ex-prices of each spec1e§ could be explained by landings,
the price of a substitute and California per capita income, using the
log-1linear form and OLS procedures. For lingcod and flounder, the esti-
mated price elasticities were greater than unity in absolute terms.
The income elasticities were positive in most of the cases, with the
exception of processed lingcod and fresh flounder whose coefficients
were not significantly different from zero (Table 7). The authors in-
ferred from these empirical results that California fishermen could
increase their returns by increasing the landings of some species,
provided not all were increased at the same time.

On the basis of past research it appears, that, on statistical
grounds, the Tog-linear form of the demand equation is most satis-
factory. Estimated direct price elasticities of demand at various
levels of the market appear to be relatively high. Estimated
income elasticities are relatively high, although results are
mixed in signs and have a wide range of magnitude.. This summary in

Table 7 will be used as a reference for further analysis.
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Area of Study

K”

This section is devoted to a discussion of market conditions in the
gmajor groundfish block trading countries.
The United States (U.S.) Market

Looking at the historical patterns of trade in groundfish blocks and
at market characteristics, it is evident that the U.S. has for some time
been the major consuming country for this product form.10 The U.S.

block market depends heavily on other countries' supply and there has

been a steady increase in U.S. apparent domestic consumption during the
last two decades. As evidence, U.S. imports of groundfish blocks increased
from 166.1 million pounds, in 1964, to 386.9 million pounds in 1978, or by
133 percent. The apparent disappearance jumped from 173.9, in 196%,1 to
390.3 million pounds, in 1978, or a 124 percent increase (Table 8).
this period, imports always represented more than 94 percent of the
apparent block disappearance, since the amounts produced in the U.S.
were insignificant, when compared to import volumes.

During

This increase in groundfish blocks imports and domestic apparent
disappearance was a direct result of the rapid growth in fish sticks
and portions consumption, since blocks are the raw material in sticks
and portions production in the U.S. As shown in Table 9, the domestic
production of sticks and portions increased from 179.9 million pounds,
in 1964, to 448.6 million pounds, in 1976. This increase was due in
large part to the growth of portions production which in that period
registered an increase of 234 percent, while sticks production increased
by only 26 percent. Per capita annual apparent consumption of sticks
and portions jumped from 0.969 pounds in 1964 to 2.035 pounds in 1978
(Table 9).

10
Actually, the U.S. (together with Japan) is the world's largest fish
importing country for seven maior fishery commodity groups [U.S. Dept.
of Commerce, Fisheries of the U.S., (1978)].

11Apparent diéappearance is defined as the sum of domestic U.S. produc-
tion and total imports, net of inventory changes (i.e., adding beginning
inventories and subtracting ending inventories).



Table 8. Frozen Groundfish 8Jocks (1). U.S. Total Supply, Utilization
and Ratio of Imports and Disappearance, 1964-1978.

Supply {in million pounds) Utilization Ratio of
(million pounds) Imports
Beginning u.s. tndings Apparent to
Year Inventories Freezings Imports Total Stocks Disappearance Disa?§§arance
1964 25.8 2.0 166.1 193.9 20.0 173.9 95.51
1965 20.0 2.9 214.8 237.7 37.4 200.3 107.24
1966 37.4 6.0 206.6 250.0 35.2 214.8 96.18
1967 35.2 6.2 189.5 230.9 32.3 198.6 95.42
1968 32.3 3.6 261.1 297.0 44.4 252.6 103.36
1969 44.4 2.0 266.8 313.2 43.0 270.2 98.74
1070 43.0 4.4 272.6 320.0 30.6 289.4 94.19
1971 30.6 6.5 311.3 348.4 62.7 285.7 108.96
1972 62.7 3.1 355.5 421.3 75.8 345.5 102.89
1973 75.8 6.1 358.7 440.6 80.6 360.0 99. 64
1974 80.6 2.4 265.9 348.9 75:7 273.2 97.33
1975 75.7 2.2 302.8 380.7 79.0 301.7 100. 36
1976 79.0 2.7 364.9 446.6 61.1 385.5 94.66
1977 61.1 4.6 366.5 432.2 73.2 359.0 102.09
1978 73.2. 2.1 386.9 462.2 71.9 390.3 99.13

(1) Includes: Cod, Flatfish,Haddock, Pollock, Other fish frozen into blocks

SOURCES: US Department of Conmerce. Fishery Statistics of the US (1964-1978)
US Department of Commerce. US lmports for Consumption (1964-1978)
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Table 9. Groundfish Sticks and Portions. U.S. Total Supply and
Total and Per Capita Utilization, 1964-1978.

Supply {million pounds) Utilization (million pounds)
Apparent
Beginning Production : Ending Consumption

Year Stocks Sticks (1) Portions (2) Total [mports Total Stocks Total Per Capita
1964 13.6 73.6 106.3 179.9 0.2 193.7 8.1 185.6 0.969
1965 8.1 82.5 140.4 222.9 0.3 231.3 20.2 211.1 1.091
1966 20.2 81.4 147.6 229.0 0.4 249.6 19.5 230.1 1.176
1967 19.5 73.9 161.3 235.2 0.4 255.1 14.0 241.1 1.222
1968 14.0 91.7 182.8 274.5 0.9 289.4 24.0 265.4 1.328
1969 24.0 113.4 217.0 330.4 1.6 356.0 25.4 330.0 1.637
1970 25.4 115.9 234.3 350.2 1.2 376.8 22.0 354.8 1.746
1971 22.0 97.8 239.7 337.5 1.2 360.7 23.2 337.5 1.637
1972 23.2 114.5 269.2 383.7 1.4 408.3 34.4 373.9 1.784
1973 34.4 127.2 298.4 425.6 1.7 461.7 41.5 420.2 2.002
1974 41.5 103.1 276.2 379.3 1.5 422.3 33.3 389.0 1.840
1975 33.3 91.1 295.6 386.7 0.4 420.4 35.3 385.1 1.808
1976 35.3 93.4 340.1 433.5 0.6 469.4 31.0 438.4 2.042
1977 31.0 87.0 350.8 437.8 0.6 469.4 30.5 438.9 2.029
1978 30.5 93.2 355.4 448.6 1.4 480.5 37.1 443.4 2.035

(1) Production of Sticks includes: cooked (breaded and battered) and raw, breaded sticks.
{(2) Production of Portions includes: cooked {breaded and battered), hreaded raw, and unbreaded portions.

.SOURCE: U.S. Oepartment of Commerce. Fishery Statistics of tire U.S. (1964-1978)
U.S. Department of Commerce. U.S5. lmports for Consumption (1964-1978)
U.S. Department of Commerce. Fish Sticks, Fish Portions and Breaded Shrimp (1964-1978)

LY
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This rapid increase in the production and consumption of sticks and
portions is attributable to their introduction in the 60's in frozen
dinner production, fast-food restaurants and in other institutional out-
lets in ever-growing quantities{zand also by the fact that more Americans
are eating away-from-home.l?

Furthermore, increasing U.S. imports of frozen groundfish blocks
were supported by a liberal U.S. tariff schedule applied to imports of
this product and by the inability of U.S. block producers to supply the
growing needs of the sticks and portions processors. That is, the duty
on blocks imports was 1.00 cents per pound, from July, 1964 through
December, 1968, and duty-free thereafter. Also, U.S. groundfish
block production, based primarily in New England industries, did
not grow at the same rate as did block disappearance. As a matter of
fact, it is estimated that, in 1978, U.S. block production capacity was
around 45 million pounds, while the U.S. consumed 390.3 million pounds
in this year.!%

On the other hand, sticks and portions for domestic consumption are
processed almost entirely in the U.S. due to the magnitude of import

1280ckstael (1976) indicated that 90 percent of the portions and 20 percent
of the sticks produced go to institutional channels (i.e., schools, hos-
pitals, business cafeterias, restaurants, quick service drive-ins, etc.).

'3The demand for food away-from-home was estimated by Johnston (1976)
for 15 cities in the U.S. The calculated price elasticities ranged from
-0.59 to -3.79 and the income elasticities were between 0.48 and 1.83.
Also, Prochaska and Schrimper (1973) considering the rise in the trend
of eating out in the U.S., included the effects of the opportunity costs
of homemaker's time in explaining the away-from-home food consumption.
The inclusion of this variable resulted in lower estimates of income

elasticities for food consumed away-from-home, than what would have
been obtained in its absence, varying from 0.26 in rural areas to 1.16
in urban areas. ‘

This data was disclosed by the report of the International Trade
Commission (1980).
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duties, greater transportation costs and perishability of this
product relative to frozen blocks. That is, until 1972, the tariff

imposed on raw sticks imports was 20 percent ad valorem and on cooked
portions, 30 percent. After 1972, those tariffs were reduced by half,
i.e., to 10 and 15 percent, respectively.!®

Therefore, U.S. policy was designed to permit the processing
industry to obtain the input-- blocks-- at lower cost, while the output--
sticks and portions-- is protected by a high import duty. Even when the
duty level for sticks and portions was reduced, the U.S. sticks and
portions industry continued to be protected, thereby excluding foreign
processors from entry into the U.S. market.16

The conjunction of all the above mentioned phenomena (i.e., duty-
free treatment for blocks imports, insufficient domestic industrial
block production capacity, high import duties on sticks and portions,
successful adoption of sticks and portions by fast-food restaurants
and by other institutional buyers and a concomitant increase in con-
sumption of food away-from-home) could explain the rapid growth of U.S.
sticks and portions consumption in the last two decades. As a conse-
quence of this expansion, the sticks and portions basic raw material--
blocks-- was heavily imported by the U.S.

The growth of U.S. block imports was followed by the increase in
imports of other forms of groundfish products, such as frozen fillets.
As shown in Table 10, in the 1964-1978 period, the imports of frozen
fillets oscillated from 78.5 to 273.5 million pounds, registered an
increase of 223 percent and averaged 177.4 million pounds a year.

As opposed to the situation for frozen blocks, U.S. imports of
frozen fillets shares its importance with the domestic production.

'The GATT (General Agreement on Tariffs and Trade), Kennedy Round
meeting, in 1967 decided that this tariff reduction would be effective

by 1972.

16This discussion is drawn from Newton (1972) and his conclusions
on the matter.



Table 10. Frozen Groundfish Fillets. U.S. Production, Total lmports,
and [mports by Species. 1964-1978

Imports by Species {million pounds)

U.S. Production Cusk, Hadaock
Year {million pounds) Total Cod Hake Pollock *~  Flatfish
1964 75.2 79.0 33.4 24.0 21.6
1965 77.2 78.5 33.7 20.7 24.1
1966 75.4 101.7 40.9 26.1 34.7
1967 71.0 91.1 32.1 25.7 33.3
1968 55.3 118.2 46.6 32.1 39.5
1969 47.3 143.9 61.9 33.9 48.1
1970 42.9 190.8 95.8 36.1 58.9
1971 43.8 171.0 80.7 34.0 56.3
1972 39.3 229.7 99.0 42.5 88.2
1973 47.0 237.6 83.0 48.7 105.9
1974 45.3 186.5 74.3 34.7 77.5
1975 36.8 231.8 92.7 40.8 98.3
1976 40.6 272.5 121.1 50.6 100.8
1977 59.9 273.5 126.1 51.5 95.9
1978 62.4 255.4 121.2 45.1 89.1
Annual
Average 54.6 177.4 76.2 36.4 64.8
Annual
Percentane 100.0 42.95 20.52 36.53
Average

SQURCE: U.S. Department of Commerce. Fishery Statistics of the U.S. (1964-1978)
U.S. Department of Commerce. U.S. Imports for Consumption. (1964-1978)
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On the average, during the period 1964-78, U.S. domestic production repre-
sented 31 percent of total imports. However, this production registered
a reduction over the years, falling from 75.2 million pounds in 1965 to
36.8 million pounds in 1975, and increased again thereafter (Table 10).

Another difference between blocks and fillets is that a more re-
strictive tariff schedule applies to U.S. fillet imports. For fillets,
there is a combination of a quota and an ad valorem duty. A duty of 1.875
cents a pound is imposed for volumes imported under the quota amounts and
2.50 cents a pound for imports over the quota amounts. The quota is
set equal to 15 million pounds,or 15 percent of the last three years'
U.S. annual consumption, which ever is larger. Additional duty is
paid on imports over one-fourth the quota entering within each three-
month period of the year.

Table 10 i1lustrates cod as the most important single species in
U.S. frozen fillet imports accounting,on the average, for 43 percent of
the total import volumes for the period 1964-1978. However, the per-
centage increase in cod fillet imports from 1964 to 1978, 262 percent,
was less than that registered for other imported fillet species, such as
flatfish (sole-flounder).

Cod also has been the most important single species in U.S. blocks
imports since,on the average,it represents 57 percent of the total
imports for the period 1964-73 (Table 11). However, the percentage of
the total accounted for by the cod species has decreased over the period,
from 65 percent,in 1964,to 53 percent,in 1978. In contrast, imports
of pollock species have registered a significant percentage increase,
their contribution being 7 and 21 percent,in 1964 and 1978, respectively
(Table 11). Among the other groundfish species included in total U.S.
block imports, haddock's average share was only 9 percent over the period
and it declined over time from 13 to 7 percent. The percentage of
flatfish blocks has remained stable,around 6 percent, and the group
of other species' percent contribution has been 12 percent on the average.
(Table 11). Even though most processors probably would prefer cod blocks,
these switches in species mix are likely to be related to the scarcity
of cod supply and high price of cod blocks, especially in comparison with
pollock (U.S. Department of Commerce, Food Fish Market Review, 1971).




Table 11. U.S. Imports of Groundfish Blocks. Percentage of
Imports by Species, 1964-1978.

Percentage of Imports (%)

Other
Year Cod Haddock Pollock Flatfish Species
1964 65.21 13.42 6.68 5.54 9.15
1965 61.55 10.75 6.80 8.33 12.57
1966 64.07 11.52 4.31 6.78 13.32
1967 61.69 11.29 4.92 6.96 15.14
1968 67.56 9.00 3.22 5.40 14.82
1969 72.19 7.38 2.89 5.62 11.92
1970 71.53 7.45 7.59 4.44 8.99
1971 62.04 9.28 9.28 7.26 12.14
1972 58.41 7.28 15.44 4.95 13.92
1973 43.19 7.56 28.96 6.97 13.32
1974 42.54 7.90 30.0% 7.93 11.54
1975 52.96 12.09 24.64 4.23 6.08
1976 49.49 7.84 26.31 5.95 10.41
1977 55.91 8.40 22.62 4.12 8.95
1978 52.91 6.98 21.01 4.34 14.76
Annual
Average 57.66 8.85 15.91 5.77 11.78

SOURCE: U.S. Department of Commerce. U.S. Imports for
Consumption (1964-1978).
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It is of interest to consider the geographical source of imported
blocks to the U.S. Here, the data reveal that Canada has been the
single most important block exporting country, as shown in Tables 12
and 13. During the period under discussion, an average of 80.9 million
pounds a year has been imported from Canada to the U.S. (Table 12).
This figure represents about 28 percent of annual average block im-
ports (Table 13). Iceland, the second major supplying country,

shared about 19 percent of the total blocks imports, or, 55.5 million
pounds, a year average during the 1964-78 period. The third and fourth
major suppliers were Norway and Denmark, respectively.

Historically, however, the Canadian share of U.S. blocks imports
has decreased gradually. In 1964, imports from Canada were 59 percent
of the total imports; in 1974, when the figure was the lowest,
Canada's share was 13 percent; at the end of the period it was around
23 percent (Table 13). This reallocation of the U.S. supply sources
of block imports can be attributed in part, to the Canadian Fisheries
Price Support Board's Program which has been in effect since May 1969,
and to a more aggressive Icelandic fishery export policy. To support
cod block prices, at or above 24 cents a pound (FOB - U.S.), the
Canadian Board made 11 purchases after May 1969, amounting to over
17.5 million pounds [U.S. Department of Commerce, Food Fish Market

Review, (1969)]. As a consequence, the strengthening of Canadian block
prices encouraged a diversification of the supply sources to the U.S.
market. Meanwhile, the Icelandic Government developed an assistance
program for its fishing industry in 1964, and a price equalization

fund for the freezing industry was introduced. Also, devaluations of
the Icelandic krona in relation to the U.S. dollar, (1967-68), had a
favorable effect on Iceland's competitive export position in foreign
markets. In addition, Iceland had promoted vertical integration by
establishing a subsidiary company in the U.S. that was an extension



Table 12. U.S. Imports of Groundfish Blocks by Country of ‘Table 13. Percentage of Total U.S. Imports of Groundfish Blocks
Origin, 1964-1978. by Country of Origin, 1964-1978.

Volume of Imports (million pounds) Percentage of Imports (%)

Other Countries Other Countries
Other
Year Canada Norway Iceland Oenmark Countries (1) Other
Year Canada Norway Iceland Denmark Countries

1964 98.6 9.2 39.3 4.7 14.3 1964 59.36 5.54 23.66 2.83 8.61
1965 119.8 11.4 47.1 10.7 25.8 1965 55.77 5.31 21.93 4.98 12.01
1966 98.0 11.9 37.9 16.1 42.7 1966 47.44 5.76 18.34 7.79 20.67
1967 96.0 15.4 28.7 11.9 37.5 1967 50.66 8.13 15.14 6.28 19.79
1968 106.2 34.6 58.2 21.9 40.2 1968 40.67 13.25 22.29 8.39 15.40
1969 88.7 73.0 53.9 17.8 33.4 1969 33.25 27.36 20.20 6.67 12.52
1970 83.8 71.8 73.3 15.7 28.0 1970 30.74 26.34 26.89 5.76 10.27
1971 96.5 , 60.9 74.2 35.7 44.0 1971 31.00 19.56 23.84 11.47 14.13
1972 73.4 61.8 61.6 56.9 101.8 1972 20.65 17.38 17.33 16.00 28.64
1973 65.2 45.7 66.5 43.3 132.0 1973 18.18 12.74 18.54 13.74 36.80
1974 34.2 22.8 45.0 39.0 124.9 1974 12.86 8.57 16.93 14.67 46.97
1975 39.1 65.3 57.1 37.8 103.5 1975 12.91 21.56 18.86 12.48 34.19
1976 49.1 50.8 65.1 51.6 148.3 1976 13.46 13.92 17.84 14.14 40.64
1977 74.3 45.7 60.8 64.7 121.0 1977 20.27 12.47 16.59 17.65 33.02
1978 90.8 44.9 63.6 59.9 127.7 1978 23.47 11.60 16.44 15.49 33.00
Annual Annual

Average 80.9 41.7 55.5 32.9 75.0 ;. 28.20 14.53 19.34 11.47 26.14

Average

(1) Especially Japan, Republic of Korea and Argentina.
SOURCE: U.S. Oepartment of Commerce. U.S. Imports for Consumption
SOURCE: U.S. Oepartment of Commerce. U.S. Imports for Consumption (1964-1978).
(1964-1978)

12
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17
of its block producing firm abroad.

However, Canadian suppliers remained the major source of U.S.
block imports, followed by Iceland, Norway and Denmark. The other
block supplier countries had no regular flow of trade with the U.S.,
and their share never exceeded 47 percent during the 1964-1978 period.
Japan, the Republic of Korea and Argentina are the most important
countries representing this group (Table 12).

Canada's importance in the U.S. groundfish market can also be
observed in frozen fillet imports: no less than 31 percent over the
period 1964-1978. However, this percentage of Canadian fillets in
total U.S. blocks imports has declined from 73 percent (1964) to 40
percent (1978),as shown in Table 14.

Table 14. Imports of U.S. Frozen Groundfish Fillets from Canada.
Quantity and Percentage of Total Imports, 1964-1978.

Imoorts from Canada

Year Quantity Percent of Total v
{million pounds) (3)

1964 57.8 73.14
1965 59.1 75.30
1966 78.5 71.19
1967 72.4 79.53
1968 84.6 71.56
1969 9.8 68.64
1970 97.7 51.17
19N 85.0 49.72
1972 87.5 38.07
1973 78.0 32.82
1974 63.0 .76
1975 73.8 .83
1976 83.5 J0.62
1977 9.7 33.53
1978 101.9 39.89

Anaual
Average 80.9 45.60

Source: U.5. Department of Commerce, U.5. Imports for

Consumption (1964-1978).

""With this kind of market arrangement, the "Icelandic Freezing Plants
Association" and the "Federation of Icelandic Cooperative Societies"
established subsidiary companies in the U.S. to guarantee a stable
flow of Icelandic products to the U.S. markets and probably to allow
higher integrated profits for the Icelandic fishing industry. The
sticks and portions produced in the U.S. by an Icelandic company are
not subject to any import duty.
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As the U.S. is the main importer and consumer country of groundfish
blocks, it follows that the most important U.S. trade partners (Canada,
Iceland, Norway and Denmark), are likely to be the world's major ex-
porters of this product form. As mentioned earlier, other countries
that may be also considered as major exporters of groundfish blocks are
Japan and the Republic of Korea, supported by Alaska pollock catches.
However, the participation of these countries in U.S. markets only
started in 1971, and over the 1971-78 period a wide variation in their
trading volumes was observed.1® Thus, considering the past trends for
the purposes of this study, neither Japan nor Korea can be rigorously
classified as traditional block exporters. This fact does not dismiss
the roles of Japanese or Korean suppliers in U.S. block markets, and
their participation is included in the composition of block import
volumes and prices analyzed in this study. However, if the intention
is to study international markets for groundfish blocks, countries such
as Canada, Iceland, Norway and Denmark can be treated as representing
the supply side of the market.

Except for Canada,a complete series of blocks production and exports
in each country is not available. However, their importance on trade can
be indirectly inferred by looking at their relative participation in
world groundfish landings. That is, Canada, Iceland, Norway and Denmark,
as a group, have been responsible for a significant portion of annual
world landings of cod, varying between 31 to 50 percent in the 1964-1977
period (Table 15). The remaining major producing countries of this
species are Portugal, Spain, USSR and the U.K. but they do not strongly
participate in international trade as exporting countries. In addition,
Canada, Iceland, Norway and Denmark landed 18 to 39 percent of the annual
world haddock catches in the same 1964-1977 period (Table 16). Also,

18During 1971-78, U.S. imports from Japan of Alaska pollock varied from
6.5 million pounds (1978) to 60.7 million pounds (1974). For the same
period, U.S. imports from Korea ranged from 0.02 million pounds (1972)
to 58.6 million pounds (1976) [U.S. Department of Commerce, U.S. Imports

for Consumption (1964-78)].




Table 15. Cod (1). World Landings and Percentage of
Oistribution by Leading Countries, 1964-1977.

Cod World Landings

Percentage (%)

Year Canada Iceland Norway Denmark Sub-total (t;gﬁg;nd
(2) metric ton)
1964 11.78 10.48 8.3 2.55 33.18 267.8
1965 11.33 8.82 9.91 2.87 32.93 276.6
1966 10.66 9.15 10.01 3.12 32.94 287.4
1967 9.08 6.54 9.78 2.99 28.39 312.3
1968 10.34 7.51 11.48 3.44 32.77 386.7
*1969 8.22 8.01 12.01 2.64 30.88 357.7
1970 8.36 9.81 14.53 3.08 35.78 314.2
1971 8.58 8.94 17.17 4.€8 39.37 285.1
1972 8.00 8.35 17.16 5.60 39.11 273.8
1973 6.97 9.33 13.17 5.38 34.85 253.6
1974 5.55 8.58 12.09 4,94 31.16 281.2
1975 6.02 10.97 13.97 5.73 36.69 242.3
1976 8.11 11.89 16.67 6.87 43.54 238.8
1977 10.32 14.35 18.56 6.68 49.91 229.9

(1) Gadus Horhua
(2) The remaining leading countries are: Portugal, Spain, USSR, and U.K.

SOURCE: F.A.0.,Yearbook of Fisheries Statisticg (1970-77).



Table 16. Haddock (1) World Landings and Percentage of Distribution
by Leading Countries, 1964-1977.

Haddock World Landings

Percentage (%)

Total
Year Canada [celand Norway Oenmark Sub-total (thousand
(2 metric ton)
1964 9.76 9.62 7.48 12.38 39.24 588.0
1965 6.74 7.15 8.77 8.81 31.47 748.0
1966 8.44 0.41 11.14 6.69 26.68 729.0
1967 11.57 7.99 10.74 5.25 35.55 484.0
1968 10.18 6.98 12.79 8.11 38.06 487.0
1969 4.60 3.64 6.78 3.30 18.32 962.0
1970 2.94 3.48 4.21 17.40 28.03 914.3
1971 5.77 6.40 9.40 6.54 28.11 506.3
1972 3.14 5.36 8.77 6.89 24.16 547.3
1973 2.93 5.56 14.06 2.58 25.13 " 620.9
1974 2.51 5.88 13.12 8.39 29.90 581.5
1975 3.67 6.93 11.79 7.16 29.55 529.2
1976 3.75 6.78 10.08 10.57 31.18 514.7
1977 6.64 8.78 10.49 6.69 32.60 403.3

(1) Melanogrammys Aeglefinus
(2) The remaining leading countries are: the U.K. and U55R.
50URCE: F.A.0,Yearbook of Fisheries Statistics (1970-77).




Table 17. Pollock (1) and Alaska Pollock (2) World Landings and Percentage of
Distribution by Lcading Cnuntries, 1964-77.

Pollock World Landinos

Alaska Pollock Horld Landings

Percentage (%)

Percentage (%)

Total Total (4)

Sub-total { thousand Republic { thousand
Year Canada 1celand Norway Denmark (3) netric ton) Japan Knrea metric ton)
1964 7.64 5.38 48.21 0.94 62.17 403.0 74.50 2.25 918.0
1965 6.76 6.10 43.4) 1.22 57.49 408.0 66 .30 2.56 1042.0
1966 4.10 4.62 42.40 0.95 52.07 454.0 63.45 1.72 1221.0
1967 4.19 6.90 41.07 1.31 53.47 420.0 71.87 1.01 1735.0
1968 5.10 10.64 29.49 2.18 47.4) 357.0 _ 72.97 1.30 2201.0
1969 3.70 12. 41 28.44 1.29 45.84 435.0 76.19 0.39 2552.0
1970 1.70 9.97 25.68 2.75 40.10 640.6 76.75 0.43 3057.3
1971 1.76 8.84 21.35 2.10 34.05 681.3 73.99 1.99 3588.9
1972 2.79 9.15 25.56 2.94 40.44 655.3 72.04 3.51 4213.3
1973 4.13 8.59 24.78 1.55 39.05 658.2 65.43 5.57 4617.1
1974 3.33 8.62 21.33 6.23 39.51 756.7 58.19 6.05 4907.0
1975 3.78 8.72 19.26 5.38 37.14 704.0 53.29 7.72 5023.9
1976 3.09 7.57 20.22 9.17 40.05 750.5 48.23 8.93 5070.3
1977 4.60 8.32 26.82 3.76 43.50 563.4 44 .87 7.13 4296.0
Zl) Pollachius Virens (or saithe);
(é) Theragra chalcogranma;
(3) The remaining leading countries are : USSR, France, West Germany and Polland;
(4) USSR is the remaining leadinp country.
SOURCE: F.A.0. Yearbook of Fisheries Statistics (1970-77)
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of relevance, was the contribution of the USSR and the U.K. in haddock
landings, but most of their catches were consumed locally. Even for
pollock those four countries have contributed a substantial percentage
to annual world landings. This proportion was not less than 34 percent
for the 1964-1977 period (Table 17). Japan is the world's main producer
of Alaska .pollock and together with the Republic of Korea has been ex-
porting blocks of this species to the U.S. markets since 1972, as dis-
cussed earlier. The remaining landings of Alaska pollock originate
predominantly from USSR catches.

The Canadian Market
Canada, together with Norway, Japan and the Republic of Korea, has

been, and still is one of the world's major exporters of fishery products
and the traditional U.S. trade partner for these items [U.S. Department
of Commerce, Fisheries of the U.S., (1978)].

Canadian fishing grounds in the Northwest Atlantic and Northeast
Pacific are among the most productive in the world. The Northwest
Atlantic (including waters around Newfoundland, Nova Scotia and New
Brunswick provinces) is more important than the northeast Pacific grounds,

not only in terms of value but also in volume caught.

The major species harvested by Canada are: (a) groundfish species
(cod, flatfish and ocean perch); (b) pelagic species (herring, mackerel
and salmon); (c) molluscs (scallops and oysters) and; (d) crustaceans
(1obsters and crabs). In 1978, in terms of ex-vessel value, cod, lob-
sters, scallops and herring were the most significant species in Canada's
Atlantic sea landings (Table 18).

Between 1964 and 1978, cod catches in Canada dropped gradually until
1975, averaging 454.6 million pounds yearly, or about 44 percent of the
total groundfish landings in this country (Table 19). Evidently, cod
was the leading species, with flounder-sole being the second most
important among the groundfish species. The latter had an average share
of 23 percent with volumes increasing over the period. Ocean perch, the
third most important species, also registered an increase in its
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landings, while haddock catches dropped in the same period and, on the av-
erage, contributed about 7 percent to total groundfish landings (Table 19).
In general, changes in the species composition were due to greater
exploitation of the less valuable species, such as ocean perch and
pollock. This happened when the more valuable species, cod and haddock,
became overfished and subject to ICNAF quotas. However, since 1976,
both groundfish and cod landings in Canada have been increasing, probably
due to the implementation of the 200 mile economic zone!® As a matter of

Table 13. Canada, Ex-vessel Value of Landings on the Atlantic Coast
by Species, 1978.

Sea Fish Species Ex-Vessel Valye
(million Canadian dollars)

Groundfish Cod 82.9
Cusk 1.4
Flounder/sole 23.8
Haddock 17.9
Hake 2.0
Pallock S.0
Ocean-Perch 12.5
Other 11.0
Sub-Total 156.5
Pelagic
Herring 5.3
Salmon 4.2
Mackerel 3.7
Other 13.0
Sub-Total $6.2
Holluscs and Crustdceans
Scallops 62.2
Oysters 1.0
Lobsters 65.3
Crab 11.3
Cther 7.0
Sub-Total 1571
Viscera, Tongues, Scalls 0.7
Total Sea Fish 370.3

SOURCE: Canada, Statistics Camada, Monthly Review of Canadian
Figheries (1978),

19
With the 200 mile zone imposed by Canada in 1976, the excessive catches

of foreign ships was avoided. This implied that Canadians have been
giving stocks a chance to recover while steadily increasing their own
catches.



Table 19.

Canada ,Groundfish (1) Landings
by Major Species, 1964-1978.

Landings (millions pounds, common landed form) (2)

Flounder Perch
Year Cod Cusk Sole Haddock Hake Pollock Rose (3) Total
1964 576.2 7.9 161.9 106.4 18.6 56.9 80.2 1008.1
1965 543.1 8.8 197.2 92.3 12.5 51.7 117.1 1022.7
1966 562.0 11.2 232.8 112.9 16.8 47.3 183.1 1166.1
1967 521.4 11.4 228.5 102.8 14.0 32.7 172.6 1083.4
1968 587.2 7.8 27.8 90.8 11.3 33.8 202.5 1161.3
1969 728.6 6.3 272.8 81.3 13.1 29.5 213.2 1344.8
1970 482.8 7.3 298.9 139.5 17.0 25.6 239.2 1210.3
1971 447.7 10.4 281.5 53.3 27.5 22.0 248.2 1090.6
1972 402.6 11.3 210.9 31.6 28.5 33.6 242.3 960.8
1973 321.8 11.2 265.3 33.4 28.5 49.8 355.4 1065.4
1974 277.5 10.2 208.7 26.7 24.6 45.7 186.6 780.0
1975 260.9 9.7 192.4 34.9 22.4 55.3 221.3 796.0
1976 336.7 5.7 229.7 33.9 18.9 50.8 186.6 862.3
1977 368.0 6.1 244.8 48.4 21.0 57.1 146.5 891.5
1978 402.0 9.2 224.0 71.0 17.3 52.9 148.6 925.0
Annual
Average 454.6 9.0 231.8 70.6 19.5 43.0 196.2 1024.6
Percent
Annual 44.37 0.90 22.62 6.89 1.90 4,20 19.15 100.00
Average

(1) Includes Groundfish used mainly in block production;
(2) Common landed form is the form in which the fish was landed,including fish dressed

head on 2nd undressed;

(3) Also known as QOcean Perch.

SQURCE:

Canada,Statistics Canada.

62

Monthly Review of Canadian Fisheries Statistics (1964-1978)



63

fact, the expected effects of the 200-mile limit will be even more
intensively felt in a longer prospective, if one considers that
larger and more fish are likely to predominate with controlled catches
in Canadian waters. According to Fishing News International (1980),
Canadian groundfish landings are projected to be 1,062 thousand tons in’

1983, in which cod represents about 600 thousand tons. Indeed, an
excess supply may be now emerging in the market for Canadian ground-
fish block production (as opposed to the shortage observed in the
70's), not only because of the increase in catch, but also because
of the recession in the U.S. economy.

In recent years, approximately two thirds of the value of Canadian
fish products have been derived from exports, since there is an
excess supply in Canada's domestic markets. This is also true for
the various processed groundfish products. Of special interest here
are frozen fillets, frozen blocks and salted groundfish products.
Comparing the series on total supply of those products to exports in
the 1964-78 period, it can be seen that Canadian exports were,. on
average, about 91 percent of total blocks supply, 83 percent of
total fillets supply and 64 percent of salted groundfish supply
(Tables 20, 21 and 22).20These percentages indicate a strong dependence
of Canadian groundfish products on foreign markets. Also, the average
annual exports of frozen fillets -- around 118.4 miilion pounds --
are larger than exports of the other two product forms, i.e., they
are 45 and 106 percent higher than the exports of frozen blocks and
salted groundfish, respectively (Tables 20, 21 and 22).

20 . . . .
Total supply is defined here as the total production in Canada
adjusted for inventories (adding beginning inventories and sub-
tracting ending inventories).



Table 20. Canada.Supply and Exports of Frozen
Groundfish 8locks (1),1964-1978.

Supply (million pounds) Exports Ratio of
Exports to
Total

Beginning Endina Total (Million Supply
Year Stocks Freezing Stocks Supply pounds ) (%)
1964 12.9 99.0 5.7 106.2 106.9 100.66
1965 5.7 131.6 8.6 128.7 123.2 95.73
1966 8.6 109.6 25.9 92.3 96.7 104.77
1967 25.9 95.0 i2.0 108.9 102.7 94.31
1968 i2.0 109.4 8.9 112.5 110.3 98.04
1969 8.9 100.8 10.3 99.4 85.2 85.71
1970 10.3 82.1 2.9 89.5 82.7 92.40
1971 .9 101.3 5.0 99.2 89.1 89.82
1972 5.0 75.8 .8 75.0 63.4 84.53
1973 5.8 78.2 10.4 73.6 65.3 88.72
1974 10.4 48.7 13.0 46.1 35.5 77.01
1975 13.0 44.2 .2 48.0 38.4 80.00
1976 9.2 61.9 .0 64.1 51.8 80.81
1977 7.0 98.0 10.9 94.1 83.2 88.42
1978 10.9 106.2 11.8 105.3 88.1 83.66
Annual
Average - . 89.4 - 89.5 81.5 91.06
(1) Includes Cod, Flounder/Sole, Haddock, Pollock, Ocean Perch and other

Groundfish,

SOURCE: Canada. Statistics Canada. fjsh Freezing and Stocks (1964-1978)
Canada. Statistics Canada. Trade of Canada: Export by Commodities

(1964-78) .
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Table 21. <Canada. Supply and Exports of Frozen
Groundfish Fillets (1),1964-1978.

Supply (million pounds)

Exports Ratio of
Exports to
Total
Beginning Ending Total (Million Supply
Year Stocks Freezings Stocks Supply pounds ) (%)
1964 12,2 101.2 14.0 99.4 71.8 72.23
1965 14.0 92.5 10.0 96.5 82.2 85.18
1966 10.0 143.6 20.8 132.8 108.4 81.563
1967 20.8 135.1 19.1 136.8 104.4 76.32
1968 19.1 155.6 15.5 159.2 130.8 82.16
1969 15.5 165.8 11.4 169.9 143.0 84.17
1970 11.4 161.2 16.6 156.0 148.6 95.25
1971 16.6 148.7 16.2 149.1 131.4 88.13
1972 16.2 157.7 15.8 158.1 140.6 88.93
1973 15.8 170.2 22.0 164.0 142.1 86.65
1974 22.0 121.4 19.9 123.5 104.8 84.86
1975 19.9 132.4 15.6 136.7 113.5 83.03
1976 15.6 137.5 17.3 135.8 . 115.6 85.12
1977 17.3 142.9 12.3 147.9 117.3 79.31
1978 12.3 167.3 12.6 167.0 122.0 73.05
Annual
Average - 142.2 - 142.2 118.4 83.26

(1) Includes Cod, Haddock, Sole-Flounder, Pollock, Ocean Perch and other
Groundfish

SOURCE: Canada. Statistics Canada. Fish Freezina and Stocks (1964-1978)
Canada. Statistics Canada. Trade of Canada: Export by Commodities (1964-78).




Table 22. (Canada. Supply and Exports of Salted
Groundfish, 1964-1978.

Supply {million pounds) Exports Ratio of
Exports to
{million Total

8eginning Production Ending Total pounds) Supply
Year Stocks (1) Stocks Supply (2) (%)
1964 40.0 137.5 42.6 134.9 93.4 69.24
1965 42.6 105.5 39.7 108.4 74.6 68.82
1966 39.7 110.5 36.3 113.4 70.6 62.26
1967 36.3 131.9 54.6 113.6 80.2 70.60
1968 54.6 112.2 40.7 126.1 74.6 59.16
1969 40.7 76.2 26.2 90.7 72.4 79.82
1970 26.2 91.5 17.5 100.2 57.7 57.58
1971 17.5 83.9 17.8 83.6 47.4 56.70
1972 17.8 51.4 20.9 48.3 36.7 75.98
1973 20.9 57.4 16.8 * 61.5 36.0 58.54
1974 16.8 62.6 19.5 59.9 37.4 62.44
1975 19.5 66.5 25.5 60.5 34.9 57.68
1976 25.5 71.6 29.1 68.0 47.7 70.15
1977 29.1 75.5 21.1 83.5 46.7 55.93
1978 21.1 90.6 26.3 85.4 53.6 62.76
Annual
Average - 88.3 - 89.2 57.6 64.57

(1) Includes Cod, Hake, Pollock and other Groundfish wet salted, dried salted
' and bongless salted;

(2) 1Includes Cod, Haddock, Cusk, Hake, Pollock, other Groundfish
SOURCE: Canada. Statistics Canada. Monthly Review of Canadian Statistics

(1964-1978) s
Canada. Statistics Canada. Trade'of Canada: Export by Commodities (1964-78).
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Canadian exports of frozen blocks averaged 81.5 million pounds a
year in the period 1964-78 (Table 20). In the same period, exports of
salted groundfish, averaging 57.6 million pounds, indicate that the
domestic market consumes proportionally more salted groundfish than
frozen fillets and blocks (Table 22). Nevertheless, the importance
of Canadian consumption of frozen blocks and fillets has grown over time,
since the respective ratio of exports to total supply declined gradually
from 1964 to 1978 (Tables 20 and 21).

Thus, it is evident that a high percentage of Canada's ground-
fish products is exported. It can also be demonstrated that
Canadian exports are almost exclusively oriented towards U.S. markets.
This 1is especially true for frozen products but is not the case for
salted groundfish. Of Canadian frozen block exports, about 95 percent
was exported to the U.S. over the period 1964-1978, or, 77.7 million
pounds a year (Table 23). The remaining volune --3.8 million pounds--
was exported mainly to Western European countries (U.K., West Germany
and France) and to Australia. These Canadian exports were allocated
almost exclusively to the U.K., which imported an annual average of
2.9 million pounds over this period (Table 23). Similarly, Canadian

\frozen fillet exports have also been marketed in the U.S., representing
no less than 91 percent of the total exports and averaging, during the
1964-78 period, 115.2 million pounds a year (Table 24). In contrast,
during the same period, salted groundfish exports were not consumed
by U.S. markets with such predominance. Exports to the U.S. averaged
15.8 million pounds a year (27 percent of the total exports of this
product form) as shown in Table 24. The bulk of the salted groundfish
production was exported to Central America (Puerto Rico, the Dominican
Republic, and Jamaica), to Europe (Portugal, Spain and Italy) and to
South America (Br‘azﬂ).21 As a consequence, there are clear

21Salting is a very old method of preservation, but salted fish does
not appeal to the modern tastes of consumers in most developed
countries, like the U.S. Therefore, the markets for salted ground-
fish are different than those for frozen groundfish products. Thus,
Canada tends to export salted groundfish to countries where this
product form is a traditional food commodity and/or where factors

such as Tlack of refrigeration, hot climates and/or low income are
present.



Table 23.

Canada.

Frozen Groundfish Blocks.

Export Volumes and Distribution
by Country of Destination, 1964-1978.

Exports to the US. 'Exports to Other Countries
Quantity (thousand pounds}
Total

Quantity Percent Quantity Percent Exports

(thousand of total Other (thousand nf total (thousand
Year pounds) Exq%t United Kingdom West Germany . France Australia Countries pounds) exxz%ts pounds )
1964 96579.7 90.38 9743.4 38.4 104.5 - 395.4 10281.7 9.62 106861.4
1965 118341.7 96.05 4001.2 350.0 2.0 425.8 79.6 4858.6 3.95 123200.3
1966 89476.2 92.53 6998.8 2.3 - 152.5 70.6 7224.2 7.47 96700.4
1967 95378.0 92.83 7226.6 14.1 13.8 - 114.8 7369.3 7.17 102747.3
1968 98775.2 89.52 11354.9 192.1 10.6 - 6.7 11564.3 10.48 110339.5
1969 83460.0 97.98 1716.8 - - - - 1716.8 2.02 85176.8
1970 80216.8 96.97 2023.4 136.4 - - 343.0 2502.8 3.03 82719.6
1971 88190.2 98.94 365.1 364.3 - - 214.6 944.0 1.06 89134.2
1972 62536.6 98.69 619.8 210.0 - - 2.8 832.6 1.31 63369.2
1973 65158. 1 99.75 11.7 68.8 3.7 - 81.3 165.5 0.25 65323.9
1974 35140.8 99.06 90.7 63.6 - 115.8 62.4 332.5 0.94 35473.3
1975 36749.3 95.75 - 253.0 226.2 273.6 877.9 1630.7 4.25 38380.0
1976 49684.4 95.82 59.6 1655.2 2.4 376.8 71.6 2165.6 4.18 51850.0
1977 80i10.5 96.33 3.2 2064.8 424.0 348.3 214.5 3054.8 3.67 83165.3
1978 85509.7 97.04 263.3 31.0 767.6 455.4 1086.4 2603.7 2.96 88113.4
Annual
Average 77687.2 95.32 2965.2 362.9 103.6 143.2 241.4 3816.3 4.68 81503.6
SOURCE: Canada. Statistics Canada. Trade of Canada: Export by Conmodities (1964-1978)
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Table 24. Canada. Frozen Fillet and Salted Groundfish. Exports To
the US. Volume and Percentage, 1964-1978.

Exports to the US

Frozen Fillets Salted Groundfish
Quantity Percent of Quanti ty Percent of

Year (million pounds) total(%e)xports (million pounds) total(%e)xlports
1964 69.8 97.21 13.6 14.60
1965 77.9 94.77 13.1 17.60
1966 105.9 97.69 13.7 19.40
1967 102.2 97.89 12.9 16.08
1968 128.4 98.16 15.2 20.38
1969 141.4 98.88 14.3 19.75
1970 145.8 98.11 14.9 25.82
1971 120.8 91.93 15.3 32.28
1972 131.8 93.74 14.3 38.96
1973 141.3 99.44 18.6 51.67
1974 102:4 97.70 19.8 52.94
1975 112.6 99.21 16.1 46.13
1976 114.2 98.79 18.0 37.74
1977 113.5 96.76 17.4 37.26
1978 119.4 97.87 20.3 37.87
Annual

Average 115.2 97.30 15.8 27.43

SOURCE: Canada. Statistics Canada. Trade of Canada: Export by Commodities
{1964-1978).
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cultural and economic factors explaining the difference between frozen
and salted groundfish export markets for Canadian production. However,
salting does remain an alternative to freezing when the market for
frozen fish is depressed relative to that for salted fish.

Looking at the composition of Canadian exports by groundfish species
it is obvious that cod predominates in the frozen blocks and salted
groundfish exports,but not for fillet exports. That is, cod contri-
buted (on an average yearly basis) 67 percent of the total frozen
blocks exports and 80 percent of the total salted groundfish exports
(Tables 25 and 26). In contrast, ocean perch and sole have been the
species most widely utilized for frozen fillet exports and together
they made up 68 percent of the yearly average of total exports of
this product over the 1964-78 period (Table 27)22

In summary, the Canadian frozen groundfish block industry is
dependent basically on cod landings, has frozen fillets and salted
groundfish as alternative product forms, 6 and faces almost exclusively
a foreign demand, especially the U.S. market, followed by the U.K.
market .

22
As discussed earlier, sole, although technically not classified
as groundfish, has physical as well as marketing characteristics
similar to groundfish species.
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Table 25, Canada. Total Exports of Groundfish Blocks, by Species, 1964-1978.

Frozen Block Exports (thousand pounds)

Year Cod Haddock Pollock Ocea?I ;’erch So\e/{]h))under Other Species
1964 76478.8 6705.7 10095.6 - - 13581.3
1965 71527.6 5812.8 14165.4 - - 31694.5
1966 60242.1 4926.6 6593.0 - - 24938.7
1967 59986. 4 5547.3 6136.3 8724.0 11526.7 10826.6
1968 70334.2 4621.9 5448.3 10857.4 11878.1 7199.6
1969 56436.4 1559.0 3041.0 7836.7 11719.9 4583.8
1970 60142.3 606.4 1550.2 8383.0 9873.1 2164.3
1971 57876.3 893.3 1828.0 9358.1 16861.1 2317.4
1972 42566.2 386.9 1604.5 5267.7 11345.4 2198.5
1973 38459.2 425.7 2891.1 7896.5 11806.3 3845.1
1974 23160.9 229.1 1083.4 1838.8 6923.2 2237.9
1975 21999.0 516.2 3089.4 1884.2 7617.5 R73.7
1976 36672.9 304.8 1764.1 1789.2 7569.2 3749.8
1977 69202.0 906.1 1180.0 1070.7 8053.8 2752.7
1978 69877.4 2336.9 2022.3 1258.0 9410.5 3208.3
Annual

Average 54330.8 2385.2 4166.2 4410.9 8305.6 7904.8
Percent

Annual 66.66 - 2.93 5.11 5.41 10.19 9.70
Average ’

SOURCE: Canada. Statistics Canada. Trade of Canada: Export by Commodities (1964-1978)
(1) The symbol - stands for data not available under this category.




Table 26. Canada. Total Exports of Salted Groundfish
by Species, 1964-1978.

Salted Groundfish Exports (million pounds)

Cod Haddock Hake Pollock Other
Year (1) Cusk (2) (2) (2) Species (2)
1964 78.1 1.2 3.1 9.9 1.1
1965 63.9 1.6 3.2 S.S 0.4
1966 60.0 2.0 2.9 S.2 0.5
1967 71.0 1.8 2.3 4.3 0.8
1968 64.2 2.2 2.3 S.0 0.9
1969 65.3 1.2 1.8 4.0 0.2
1970 48.5 0.8 2.3 3.9 2.2
1971 38.5 1.2 3.8 2.4 1.5
1972 25.3 2.0 6.2 2.7 0.5
1973 25.1 1.6 4.8 3.9 0.6
1974 23.9 1.8 5.4 S.0 1.3
197s 20.4 1.8 S.5 4.7 2.5
1976 32.6 1.3 4.3 4.9 4.6
1977 33.9 1.2 4.8 5.3 1.5
1978 33.8 1.9 5.1 S.0 7.8
Annual
Average 45.6 1.6 3.8 4.8 1.8
Percent
Annual 79.17 2.78 6.60 8.33 3.12
Average

(1) Includes the items: Cod Boneless Salted, Cod Wet Salted and Cod
Salted (43%, 43% or less, 46-S0%, 44-45%, less than 45% of salinity).

(2) Includes only dried/salted products.

SOURCE: Canada. Statistics Canada. Trade of Canada: Export by
Commodities (1964-1978)
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Table "27. Canada. Total Exports of Groundfish Frozen

Fillets by Species, 1964-1978.

Frozen Fillet Exports (million pounds)

Hake, Cusk Ocean
Year Cod Haddock Pollock Perch Sole Flatfish Other Species
1964 17.8 12.1 1.8 15.6 21.1 2.3 1.1
1965 17.6 9.0 2.3 22.3 26.0 4.1 0.9
1966 18.5 12.5 2.6 35.6 33.7 4.5 1.0
1967 15.6 12.4 1.5 33.6 3.7 5.2 1.4
1968 20.6 13.3 2.1 451 42.1 6.9 0.7
1969 27.8 11.0 2.2 50.5 4.6 6.3 0.6
1970 30.8 5.3 2.0 56.0 51.3 1.1 2.1
1971 22.0 4.5 1.2 49.0 43.3 1.2 10.2
1972 26.7 2.0 2.1 58.2 41.5 0.4 9.6
1973 19.1 1.7 3.3 74.0 41.6 0.3 2.1
1974 13.7 1.8 2.3 51.4 33.3 0.3 2.0
1975 17.7 3.3 2.7 53.2 33.4 0.3 2.9
1976 20.2 2.9 3.5 44.9 40.4 0.2 3.5
1977 25.0 5.0 20.5 29.8 33.6 0.3 3.1
1978 32.0 10.9 5.2 34.9 34.9 0.7 3.4
Annual
Average 21.7 7.2 3.7 43.6 37.0 2.3 3.0
Percent
Annual
Average 18.33 6.08 3.12 36.82 31.2% 1.94 2.53
SOURCE: Canada. Statistics Canada. Trade of Canada: Export by Cormodities (1964-1978)
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The Icelandic Market

The fishing industry in Iceland is that country's most important
activity, playing a dominant and unique role in the Icelandic economy.
Most of Iceland's catches are taken from surrounding fishing grounds
with the exception of herring which is mainly caught in the North Sea.
For human consumption, groundfish represent the mainstay of the Icelandic
fish catches, as shown in Table 28. Capelin (which is processed predom-
inantly into non-human consumption products, oil and meal) has demon-
strated a steady increase in their volumes during the period 1964-78.
Since 1973, the volume of capelin landed (441.5 thousand metric tons)
has exceeded total groundfish catches (398.1 thousand metric tons).
Herring, which until 1968 represented the most significant portion of

Icelandic landings, experienced noteworthy decreases due to a ban on
its exploitation imposed for conservation reasons (Table 28).

As for Canada, cod is an important component of the Icelandic
groundfish harvest, For example, during the 1978 fishing season, the
cod species accounted for 62 percent of groundfish landings and 20
percent of all fish and shellfish landed (Table 29). Other groundfish
landings -- haddock, pollock, pout, ocean perch and other groundfish --
were at considerably lower levels than were the cod catches (each group's
landings were about one tenth of the cod catch). Capelin alone consti-
tuted 62 percent of total Icelandic catches, but was used primarily for
reduction into fish meal and oil, as mentioned earlier (Table 29).

It is pertinent to the present study to consider the disposition cf
Iceland's catches by mode of utilization. The main modes have been
freezing and salting. Considering the total groundfish landings in 1978 --
513.6 thousand metric tons -- it is evident that a significant portion
of the catch went to freezing and salting (434.5 thousand tons) as shown
in Table 30. Fresh-chilled groundfish, fish meal, and oil were the
utilization modes of secondary importance in Iceland (1978 catch).
Canning and drying were even less relevant when compared to the afore-
mentioned modes. Also, the disposition of catch exclusively for



Table 28. Iceland. Total Landings Distributed
by Species, 1964-1978.

Quantity (thousand metric tons)

Ground Other Total
Year Fish Herring Capelin Species Landings
1964 415.3 544.4 8.6 3.1 871.4
1965 381.8 763.0 49.7 4.6 1199.1
1966 339.4 770.3 124.9 8.0 1242.6
1967 333.5 461.5 97.2 5.5 857.7
1968 337.0 142.8 78.2 7.4 565.4
1969 450.2 56.6 171.0 10.8 688.6
1970 474.2 51.4 191.8 16.3 . 733.7
1971 421.7 61.3 182.9 18.4 684.3
1972 385.7 41.5 277.0 21.7 725.9
1973 398.1 43.4 441.5 24.3 907.4
1974 422.2 40.5 462.2 19.5 944.4
1975 443.7 33.4 501.1 16.1 994.3
1976 475.8 30.0 458.8 21.1 985.7
1977 502.9 28.9 812.7 29.4 1373.9
1978 513.6 37.3 966.7 48.6 1566.2

SOURCE: Aegir (1979)



Table 29. Iceland. Total Fish and Shellfish Landings
Oistributed by Species and Percentage, 1978.

Landings in 1978

Species Quantity Percentage of Total
(thousand metric ton) (%)
Cod 319.7 20.41
Haddock 40.6 2.59
Pollock 44.3 2.83
Pout 34.6 2.21
Ocean Perch 33.5 2.14
Other 40.9 2.61
Sub-total 513.6 32.79
Herring 37.3 2.38
Capelin 966.7 61.72
Sub-total 1004.0 64.10
Lobs ter 2.0 0.13
Shrimp 7.3 0.47
Sub-total 9.3 0.60
Lumptish 4.1 0.26
Blue Whitting 26.4 1.69
Other 0.0 0.00
Sub-total 30.5 1.95
Scallop 8.8 0.56
Total 1566.2 100.00

SOURCE:  Aegir (1979)
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internal consumption was low, around 5.2 thousand metric tons in 1978,
indicating that Icelandic markets for fishery products are irrelevant,
despite a very high rate of fish consumption per capita, around 100 kg
a year.

Looking at Icelandic export values for all marine products from
1970 to 1978, it is also evident that frozen and salted fish consti-
tuted a greater part of these exports (Table 31). Only in 1977 and
1978 did exports of fish meal and 0il exceed exports of salted fish,on
a value basis. For the same period, fresh-chilled, dried and canned
fish products contributed even less to the value of Icelandic exports,
remaining always below 11 percent of the total exports (Table 31).

The allocation of the value of Icelandic exports of fishery products
by country of destination can be observed in Table 32. The main markets
were America (especially the U.S.) with percentages varying from 30 to
44 percent. The EEC countries were the next group of important markets
during the 1970-78 period.

It is interesting to note that Icelandic exports are centralized
in the hands of national processing units such as "The Icelandic Freezing
Plants Association" and "The Federation of Icelandic Cooperative Societies."
The former association opened a sales office in New York in 1944, and by
1947 established a subsidiary company, "The Coldwater Seafood Corporation”,
that is now producing fish sticks and portions in the U.S. The "Federation
of Icelandic Cooperative Societies" also opened a subsidiary in the U.S.,
"The Iceland Products Incorporated," which serves a similar role, running
a fish processing plant.23

23The "Coldwater Seafood Corporation" runs a large processing plant in
Maryland and "The Iceland Products Incorporated" has its own processing
plant in Pennsylvania for blocks and fillets imported from Iceland.
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roe (Frozen export data are not available on a species basis)

SOURCE: Aegir . (1979}

Table 30. Iceland. Oisposition of Groundfish Catches
by Product Form, 1978.
Oisposition of Catch (thousand metric ton)
Fresh/ Internal Fish Total
Specie Chilled Frozen Dried Canned Salted Consump tion Meal Catch
Cod 14.3 194.4 5.6 0.0 104.3 1.0 0.1 319.7
Haddock 3.5 32.6 0.5 0.1 0.2 3.7 0.0 40.6
Pollock 5.3 29.4 0.5 - 9.1 0.0 0.0 44.3
Pout - - - - - - 34.6 34.6
‘Redfish 2.8 30.6 - - 0.0 0.0 0.1 33.5
Sub-total 25.9 287.0 6.6 0.1 113.6 4.7 34.8 472.7
Other 2.2 32.2 1.0 0.0 1.7 0.5 3.2 40.9
Total 28.1 319.2 7.6 0.1 115.3 5.2 38.0 513.6
SOURCE: Aegir (1979)
(1) The symbol - stands for none.
Table 31. lceland. Total Fishery Export Value Distributed
by Product Form, 1970-1978
Percentage of Export Value (7} Total
Value
Fresh/ Fish Meal Other {million
Year Frozen (1) Salted Chilled Oried and 011 Canned mode Kronur)
1970 52.25 18.75 11.24 2.38 13.90 1.42 0.06 10081.4
1971 56. 42 18.20 9.20 2.23 11.32 1.60 1.03 11056.4
1972 56.73 19.49 7.61 2.37 11.53 1.86 0.41 12319.6
1973 48.03 17.36 8.33 1.79 22.68 1.53 0.28 19189.6
1974 44.23 26.54 7.34 1.72 17.77 2.00 0.40 24588.2
1975 48.93 28.67 3.90 2.40 14.70 1.25 0.15 37339.1
1976 49.40 28.86 3.68 2.84 13.88 1.12 0.22 53367.6
1977 50. 79 18.77 1.75 3.16 23.70 1.64 0.19 76335.1
1978 49.47 17.25 4.11 5.42 22.05 1.86 0.24 136657.6
(1) Frozen fillets, frozen blocks, whole frozen fish, frozen capelin, shrimp, lobster, scallops and



Table 32. Iceland. Total Fishery Export Value Oistributed by Country
of Oestination, 1970-1978.

Percentage of Export Value (%)

Total
Other Value
EFTA EEC Comecon European Asia and Other (million
Year (1) (2) (3) Countries America Africa Australia Countries Kronur)
1970 31.10 12.60 11.80 4.50- 38.40 0.70 0.70 0.20 10081.4
1971 28.50 10.00 11.30 5.00 4410 0.20 0.60 0.30 11056.4
1972 25.60 10.90 13.40 5.80 41.40 1.30 1.50 .10 12319.9
1973 10.90 34.30 9.00 5.20 36.40 0.20 3.90 0.10 19189.6
1974 19.00 22.20 14.40 8.10 30.20 0.40 5.60 g.10 24588.2
1975 18.80 20.10 13.70 7.00 37.40 1.80 1.10 0.10 37339.1
1976 19.80 20.90 9.90 5.20 40. 00 1.90 2.20 0.10 53367.6
1877 12.80 24.40 12.40 5.20 39.40 3.20 2.50 0.10 76335.1
6.80 37.90 3.30 5.30 g.00 136657.6

1978 9.90 28.90 7.90

(1) European Free Trade Association;
(2) European Common Market;
(3) Trade organization of the Soviet 8loc. {Council for Mutual Economic Assistance).

SQURCE: Aeqir (1979)

6.
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Also, all Icelandic salted fish is exported through "The Union
of Icelandic Fish Producers" and a similar export organization exists
for herring, "The Herring Board.™ In short, all organizations of this
kind are a way to promote fishery products exports on which the Ice-
landic economy essentially depends.

Since 1976, with the implementation of the 200-mile economic zone,
[celand substantially increased its catch. According to Fishing News

International (1980), Targer four year old cod is beginning to dominate

Iceland's catches. These catches have improved to 360 thousand tons
in 1979 and may well reach 400 thousand tons in 1980.2L+ However,
difficulties of selling Icelandic fish products in the U.S. are also
forecasted at the present for the same order of reasons discussed
earlier for Canadian exports.

The Norwegian Market

Norway is one of the largest producers of fish among OECD (Organi-
zation of European Economic Development) member-countries.25 The most
important fish species in Norwegian landings is once again, cod,
followed by other groundfish species and herring and sprat (Table 33).
Cod species are caught mainly in Northern Norway's waters and herring
species in the Western and Northern part. Also illustrated in Table
33, is that a considerable part of the catch was utilized for non-
human consumption, i.e., meal and oil, during the 1970-77 period.
Mackerel, molluscs, crustaceans and other species were of secondary
importance in Norwegian landing in terms of volume (Table 33).

26
In 1978, cod landings were around 319.7 thousand tons (Table 29).

25 QECD was founded in 1960 and the member countries are: Australia,
Belgium, Canada, Denmark, France, West Germany, Greece, Iceland,
Ireland, Italy, Japan, Luxembourg, The Netherlands, Norway, Finland,
Portugal, Spain, Sweden, Turkey, the U.K., the U.S., and New Zealand.
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Table 33. HNorway. Total Landings by Species, 1970-1977

Quantity Landed (thousand tons)

Herring Reduction Molluscs
Other and Other to and Total
Year Cod Groundfish Sprat Mackerel Species Fafr; ???1 Crus taceans Landings
1970 308.0 180.3 75.7 26.2 52.0 2042.9 10.5 2695.6
1971 324.2 175.3 48.3 22.6 47.3 2177.8 10.3 2805.8
1972 312.2 193.4 48.5 29.0 49.6 2206.5 12.6 2851.8
1973 219.6 262.1 51.7 26.2 32.8 2100.7 15.4 2708.5
1974 232.7 229.5 43.8 28.3 37.7 1800.3 17.9 2390.2
1975 233.3 184.0 46.1 20.6 29.3 1770.6 21.3 2305.2
1976 279.0 187.6 42.8 29.7 49.2 2567.2 27.6 3183.1
1977 287.2 172.8 33.1 33.2 44.4 2561.2 28.1 3160.0

(1) Includes Capelin, Herring, 5prat, [ackerel and other fish.

SOURCE: OECD. Review of Fisheries (1970-1977)
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The disposition of these catches by product form indicates that a
large portion of the products for human consumption go to freezing and
curing (salting, drying and smoking), as shown in Table 34. As discussed
earlier, this is the case for the same reason as for Iceland: 1long
distances between fishing grounds and main consuming markets. As a
matter of fact, on a yearly average over the span between 1970-77, about
277.5 thousand tons of Norwegian catch was frozen and 240.0 thousand tons
was cured (Table 34). The volume allocated for fresh-chilled consumption
only represented one-fourth of that frozen. An even smaller portion was
utilized for canning, while the volume of fish processed into meal and
0il represented a substantial portion of the catch in those years
(Table 34).

Noting the distribution of Norwegian exports by product form, it
can be observed that frozen fish products are not always first in mone-
tary value. When compared to other product forms in the period 1970-77,
frozen fish shared its importance with cured products and fish meal and
0il (Table 35). Only in the years 1970, 1971 and 1973 did frozen fish
make a greater contribution to the value of total exports than did cured
fish. 1In 1973 and 1977, exports of fish meal and 0il exceeded the
exports of frozen and cured fish. The remaining export items -- shellfish
and fresh-chilled products -- represent a small amount of the total export
value of Norwegian fishery products in this period (Table 35).

There are no data available referring to frozen groundfish block
participation in Norwegian exports and to the specific trade flows
among Norway and its consuming countries. However, according to OECD,
Market for Frozen Fish (1966), frozen pollock fillets were usually

exported to the east European countries and to the USSR, and frozen cod
and haddock fillets to the E.E.C. countries (especially the U.K.) and
the U.S. According to the same source, exports of cured fish went

o
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Table 34. Norway. Oisposition of Catches by Product Form, 1970-1977.

Disposition of Catches (thousand tons)

Reduction .
Fresh Cured to Fish Other Total
Year Chilled Frozen (1) Canned Meal & 0il Uses Catches
1970 94.2 300.0 229.3 29.2 2032.0 10.9 2695.6
1971 69.1 273.5 264.3 21.0 2170.5 7.4 2805.8
1972 80.8 264.6 271.8 28.1 2200.8 5.7 2851.8
1973 64.6 283.7 235.0 24.4 2095.8 5.0 2708.5
1974 51.3 279.5 235.2 24.0 1795.3 4.9 2390.2
1975 57.4 267.2 192.8 17.3 1765.7 4.8 2305.2
1976 73.5 277.3 247.4 17.8 2561.4 5.7 3183.1
1977 59.4 274.2 244.1 21.1 2555.8 5.4 3160.0
Average 68.9 277.5 240.0 22.9 2147.2 6.2 2762.5
(1) Includes Salted, Oried and Smoked Fish.
SOURCE: QECO. Review of Fisheries (1970-1977)
Table 35. Norway. Total Fishery Export Value
by Product Form, 1970-1977.
Percentage of Export Value (%) Total
Value
{(million
Fresh Reduction Norway
Year Chilled Frozen Cured Canned to Fish Meal Other Shellfish Kroner)
1970 4.47 29.22 23.84 14.32 L 22.17 4.74 1.24 1858.0
1971 3.24 27.80 27.61 13.03 23.52 3.67 1.13 2126.0
1972 3.65 27.26 29.13 12.53 22.90 2.95 1.58 2410.0
1973 2.76 25.18 23.70 8.73 33.50 3.17 2.96 2967.0
1974 2.78 25.11 30.98 8.20 25.08 4.65 3.20 2879.0
1975 3.39 24.77 32.11 8.30 22.62 6.38 2.43 2710.0
1976 2.86 22.75 29.93 6.31 28.73 5.86 3.56 3599.0
1977 2.76 22.34 25.92 5.54 33.14 6.03 4.27 4310.0

(1) Includes Salted, Oried and Smoked Fish
SOURCE: OECO. Review of Fisheries (1970-1977)
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mainly to Angola, Brazil and Portugal and exports of fish meal and

oil went to the U.K., West Germany, Sweden, France and Yugoslavia.
Norway's fishery products industry is organized into national

associations similar to Iceland , which centralizes the exports
through special sales organizations or export committees. However,
unlike Iceland, the fishery industry and its export products in Nor-
way do not play as important a role in the Norwegian economy.

The Danish Market

The main fishing-grounds for Danish fishermen are the waters
around the Denmark coasts and the North Sea. Fishing in distant
waters plays an insignificant role for the national fishing indus-
try. For human consumption, the major species caught by the Danish
fleet are cod and herring, followed by plaice. Of proportionately
less importance, are mackerel and shellfish, if one considers the
landings of Denmark during the 1970-77 period (Table 36). For non-
human consumption, the catch utilized for reduction purposes accounts
for a significant proportion of the total volume caught in Denmark,for
the same period under consideration (Table 36).

Data on the disposition of Danish catches are not available
through OECD fisheries publications. However, it is possible to
examine the disposition of exports by product form, on a value basis,
for the period 1970-77. From these figures (Table 37) it can be seen
that there is a predominance of fresh-chilled fish in Danish exports
with percentages varying from 27 to 35 percent of the total export
value over the period. Frozen fish exports represent the second
major category of importance on Danish fish products exports, contri-
buting not Tess than 21 percent of the total export value in the span
1970-77. The proportion of meal and oil exported may be compared to
frozen fish as equivalent in value, varying between 19 and 34 percent
of total exports over this period (Table 37).
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Table 36. MNenmark. Total Landings By Species, 1970-1977.
Quantity Landed