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ABSTRACT

Title of Thesis: . A General Equilibrium Demand Model for

LiVing_Marine Resources: An Application

of Géneral Eqﬁilibriumvand Common Property

Resource Theory to. the U.S. Seafood Sector
Rlchard F Fullenbaum, Doctor of Phllosophy, 1971

Thesis directed by: Professor‘Eredericka{ Bell

The‘purpose of this study is to extend the traditional -
model of common property resource explovtatlon to a more generdj
: equlllbrlum frame of reference, and +to examlne'pollcy’impli-‘
cations in the light of the extended analysis. The most pro;
nOunced_modification consists of the specification of cross
partial price qérivativesféf'demand‘befween7the major species
_of seafood consumed in the United States.

The estimation procedure integrates -both time series and
cross-sectionalwresultsAin deriving all relevant price and
income parameters. The time series analysis employs a technique
originated by Powéll (26), in-which a.serles ‘of linear expend-
iture funﬁtlons——based upon the assumption of the existence of
a continuously dlfferentiable‘additiVe utility function--is
éstimatgd. Seafood_is treated as a sepérate commodity in the
budget constraint, and an implicit test of the additivity
- assumption in this coritext is devised. The method of estimation
involves an iterafive techniqug in‘which Prior restrictions on

the system give maximum likelihood estimators and the same




estimates as would be obtained using'two~stagé least squares.
The major purpose of the time series component is to provide
a forecasting equation for expenditures on all seafood |

commodities, which takes into account anticipated budget con-

straints and expendilures on all other commodities. The major

A

- parameters that are derived include bF - the expenditure

A

coefficient for all seafood, and y. « is equal “to the following:

~ o /9%
(1L Y - A/:()—y-,

where A is the marginal utility of income, and y is income.

Another related purpose of the time series analysis is to pro-
vide a control total for the sum of consumer expenditures for
individual species. The aggregate seafood expenditure parameter

A

bF’ is 'distributed' across species on the basis of cross sec-
tional income coefficients for individual species which are
constrained such that their sum is equal to b

The major purpose of the cross-sectional component of the
Study——in addition to the estimation of individual species
income coefficients--is to select a set of twenty-eight in-
dependently estimated reliable own and cross price derivatives,
from which sixty-four priée derivatives are obtained (i.e.,
eight species, 8x8=6l4 price derivatives). 'In order to derive
these demand parameters; the time seriés parameter ; is.
utilized. The estimates follow directly from tenets of uti;ity
maximization.

This completes the demand aSpéct of the study. On the

supply side, species are broken dewn according to proximity




~ to their universal constraints at maximum sustainable yield.:

vThose'spécies which are at or near MSY are classified as

constrained speciés; those which are not- close to MSY or forA
which artificial techniques of cultivation have been:devéloped
are classified as unconstrained species. Forecasts of con-
sumbtion are made under the assumption of perfect élasticity
of supply for’gll_species. Then, as a result of forecasting
far enough into the future such that market clearance at MSY
is a reasonable assumption for the constrained species, quantity
adjustments—uequal fo the difference between quantity consumed
under conditions of perfect elasticity and quantity consumed
at MSY--are calculated. Given these quantity adjustments,
relative price changes for the constrained species may be
obtained.

The conclusion reached is that, within a general equilibrium
frémewgrk, the rate of price increase due to the imposition of
supply constraints is considerably dampened. Furthermoré,
only'slight modifications of the market mechanism are needed
in order to prevent excessive entry of capital and labor into
fisheries which are being'exploited at maximum sustainable
yield.., In other wordé, since the rate of entry of excessivé
inputs is tied to the rate of change in relative prices, a
policy such as a quota, when evaluated within a general
equilibrium fﬁameﬁork, will vield -an input cqmbination such

that the level of redundant capital and labor is negligible.
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CHAPTER I

LITERATURE REVIEW AND SOME INITIAL ASSUMPTTONS

He was an old man who fished alone in
- a skiff in the Gulf Stream and he had
gone eighty-four days now without taking
a fish. 1In the first forty days a boy .
‘had been with him. But after forty days
without a fish the boy's parents had told
‘him that the old man was now definitely
and finally "salao," which is the worst
form of unlucky, and the boy had gone at
their orders in another boat which caught
three good fish the first week. It made
the boy sad to see the old man come in
each day with his skiff empty and he always
went down to help him carry either the .
coiled lines or the gaff and harpoon and
the sail that was furled around the mast.
The sail was patched with the flour sacks
and, furled, it looked 1like the flag ‘of
permanent defeat

E. Hemingway, The 01d Man and the Sea

Introduction

The sea and its resourées have formed the basis of re-
‘newed attention from the world community. The pressure of
world population expansion has led to more intensive ex-.
Ploitation and, at the same time, to increasing concern over
thé marine environment. . However, the living marine resources
of thé sea are common property in nature and therefore
subject to tecﬁnological extefnalities which complicate the
.process of resource use.- The eccnomic analysis of common
property resources, in general, and marine resources as a
special case, has proliferated into a subset of the litera-
ture related to social externalities. It is the purpose of

this study to expand upon this growing literature with a




theoretical development not previously applied to this area.

Hopefully,’the empirical content and the estimation of param-
eters which have hitherto nof been identified will lay tﬁe
foundation for. a more sophisticated approach, especially in
the context of substantive policy applications. The most

important modification which this research attempts is the

addition of the general equilibrium framéwork to problems
N S
“tpaditionally handled in-a partial frame of reference. More

specifically, we will examine the impact upon prices and the
possible'allocativé significance of given resource constraints
in a general equilibrium setting. By the resource constraint
we mean the supply conétraint‘imposed by fhe biological yield
function (at maximum’sustainabie yield) that precludes the
expansion of output per unit of time for certain Spécies with-
out eliminating the inflow of new economic resources (i.e.,
capitél and labor) attracted by positive .economic profits.

The basic aim of this chapter is to review some of the
traditional literature and to discuss the initial assumpfions
which form the béckground of the mbdellpresented in chapter
two. Section two ?resents a brief literafgre review and
formalizes the previous literature into one complete model.
Section three presents some of the modificafions and assump-
tions that will be made in this'Study.

2. Literature Review and Model Development

The works of Gordon (16), Scott (31), Crutchfield and
Zellner (10) and Plourde (25) integréted with the biological

theories formulated by Schaefer (2¢) et al (30) provide the




’foundatioh_for a unified, generalized theory of marine

1 Our discussion of these individual con-

exploitation.
tributors will be presented within the context of the two
theoretical issues developed in the literature, i.e., the
static externalities generated by the common pfoperty nature
of the resource, and, secondly, the more dynamic implications
of the use of a proper social discount rate.

‘Gdrdon's article represents the pioneer work with
ﬁeépeét to common property resources. It is particularly
notéwérthy that much of what has followed this seminal paper
represents a refinement of the basic ideas developed by
Gordon.  For example, the interallocation of effort between
fishing grounds, the notion of an ecological equilibrium as
distinct from an economic equilibrium -- these basic sfrands
df.thought, as well as the common property externality, are

all contained in this paper and were all formalized in sub-

sequent works. The analysis is set forth under a number of

1The article by Vernon L. Smith entitled "Economics
of Production from Natural Resources" (AER: Volume LVITI,
June 1968) has been intentionally excluded from our survey
of the literature because it adds little and tends to obscure
the major theoretical issues. In particular, the cost func-
tion of the firm is misspecified, i.e., Smith confuses the
difference between average cost per firm per unit of time
and total cost per firm per unit of time. Another problem
with the Smith model is its inherent dynamic instability.
For a conceptual comparison between Smith's work and the
traditional literature, see "Economics of Production from
Natural Resources: Comment," by Richard F. Fullenbaum,
Ernest W. Carlson, and Frederick W. Bell, American Economic
Review (forthcoming), and "On Models of Commercial Fishing:
A Defense of the Traditional Literature," the same authors,
Journal of Political Economy (forthcoming).




simplifying assumptions: a large number of fishermen are
- presumed to be exploiting any given fishing gfound; a fish-
ing ground is assumed to have a fixed geographical locationg;:

the quantity of fish emanating from any one ground is so

small relative to the total level of fish produced that price

is given; finally, pecuniary externalities are éssumed to be
nonexistent.‘ Given these assumptions, Gordon's major hypoth-
esis is that in the long run the renE, which is a return to
society for the scarce fishery resource, ig completely dis-
sipated precisely because no one owns the resource. The
important elements of the Gordon analysis may be summarized
in Figure (1.1). The latter presents the long-run relation-
ship between total revenue and total cost as a function of
fishing effort. Under the condition of free-access, equi-
librium is established when total revenue equals total cost.
However, an optimum in this context, i.e., marginal cost
pricing, occurs where the slope of the total revenue function
is equal to the slope of the total cost function. Diminish-
ing returns with respect to the resource; coupled with the
common property externality, causes exploitation to be con-
tinued until TR is equal to TC.

The'preceding analysis was just a particular example of
a more genera; marine model. The underlying structure of
that model includes a distinct biological theory, and some
fundamental assumptions with respect to the economic behav-

ior involved in the exploitation of the resource. The




FIGURE 1.1




biological dynamics of a living marine resource may be
depicted as follows:

(1.1) % = q(X) + g(X) -M(X) - F(K) + u,

"~ where X is the population, i.e., the biomass, g is the
recruitment rate function, g is the growth rate ‘function,
and M is the natural mortality rate function. F(K) is the
rate of loss of the biomass caused by fishing, and u is a
stochastic term with an expecfed Qalue equal to zero. Let
us abstract from fishing pressure by assuming F(K) = 0. One
of the more commonly used exact specifications of (1.1) was
that developed by. Lotka (22) and Volterra (40), first ap-
plied to fishing by Schaefer, and often referred 1o as the
1ogisti02:

(1.2) d

T - k(L-X)

k and L are biological parameters.

1.3)  dx ;
(1-3) 3t = kLX - kX%?zaX - bX?

2
If we take (1.2) and multiply by- X, we obtain

1
(2.1) %% = KLX - kx?2

Integrating over (1.1)' we derive:

(2.2)! J{kLX(t) - kxeN? at = L
]

1 + brte-kLt

The latter is referred to as the logistic. The limit of
(2.2)' as t »= is equal to L. We can derive the same solution
if we set (2.1)' equal to zero and solve for the non-zero
equilibrium biomass. :




When (1.2) is multiplied by X, a net yield relationship

which is quadratic in X is formed.

"Figure (1 2) plots the relailonshnp between X and dX.
dt

Without exploitation by man, thebbiomass will reach a natu-
ral upper limit. That is, beyond this limit natural forces
will tend to reduce the biomass and vice versa when no fish-
ing occurs;. Note that X is unstable in the sense thét tﬁe
' slighteét increase in the population will push the equi-

librium biomass to ¥ which is stable. X0 is the fish stock

consistent with maximum sustainable yield, i.e., where dx
dt

is ata maximum. In terms of the parameters of (1.3) X is
- . a 0 a

equal to zero, X is equal to b and X is equal to 2b. This,

of course, repre%ents one of the more simplistic biological

models. More sopthilcated theories. employing a richer as--

sortment of complex assumptions have also been developed.

3A more refined treatment is developed by Beverton and
Holt (6). The following relations were specified:

(3.1)° N = R exp [QM(t -t )] exp-(F+M) (t-t )
: ot ' . ¢ T ' c

(3.2)" - N w
t t

839V s p iy = FLR expeM(t -t ) (exp-F+M) (t-t )]
t t c e
m
(3.4)! |
| FN w ‘dt
te t t .

In the above set of equatlons, N pepresents ihe number

‘ of flSh at age t, w is weight per flSh at age t, p is the







The introduction of fishin ressure 1s normally assumed
g P

to change the instantaneous

harvested. Thus,

(1.4) dX

dt

where Kx is equal
number of vessels

The economic

rate of increase by the amount

(1.3) becomes,

2
= aX - bx - Kx,

to the harvest rate, and K, are the

Xy
and output per vessel respectively.

component of the marine resource model in-

cludes an industry production function, cost function, and
profit function, i.e.,

(1.5) Kx = Kg(X, X)
(1.6) C )
(1.7) 7 = p(Kx)Kx - C
éin the above se% of equations, C is total industry cost,m

'is opportunity cost per vessel,r is equal to total industry

biomass at t, R is the number of recruits, tr and t are

respectlvely age at recruitment to catchable stock - and age
at minimum size of allowable capture, F is the catchability
coefficient, dy is the rate of catch, and Y is the total

dt
catch from a given year class during its entire life. 1In
equilibrium, the total annual catch from the population is
equal to the catch of a year class over its entire life. F
" varies with the degree of fishing intensity.

Another alternative to the logistic originated by

William W. Fox, Jr. (12) is the Exponential Surplus Yield
Model which used the Gompertz growth equation

(3.5)" f(p) = K(log P, - log P),where P is the mean
annual population, P, 1s the env1ronmentdlly limited maximum
4populaflon, k is the constant of the rate of population size,
and f(p) is the growth of the population. Still another yield
function was that formulated by Pella and Tomlinson, in which
X = aX - bX




profits, and p is price. The movement of capital into or out

of the industry per unit of time under pure competition
- K> >
follows the condition, dt <0, according as m<0.

The basic externality enters via the production func-
) . ‘ X
tion specified in (1.5). That is, 5§Eg1>0 defines the
©ox -
resource externality, and 3K=g <0 defines the crowding

2

externality caused by congestién of vessels. Most of the
‘traditional writers, including Scott and Gordon, assume that
g9 = 0, and that the production function is of the specific
form, | |

(1.8) Kx = rKX,
where r is a technological parametef. While this particular
form is perhaps naive, its use does not change any of the
qualitative conclusions concerning the potential misalloca-
tion of resources.u Given the logistic growth function and
the "éonstant retgrns" production function in (1.8), we may
solve for X in terms of K under conditionzxof ecological

equilibrium, i.e, for the condition that dt = 0. Then,

resubstituting for X in (1.8), we get,

ar  r? | )
(1.9)  KXx = b Kb K%zaX - BK

Multiplying (1.9) by a constant price p (assumed in the
Scott-Gordon analysis), we derive the total revenue function

plotted in figure (1.1).

m

The production function may more realistically take
the form Kx = rKM X, 0<p<l, without changing any of Gordon's
basic conclusions.




The traditionalAconclusions may be recast into more con-
ventional economic.ferms by mapping the relationship between
K and Kx, and then obtaining the relationship between Kx
and marginal cost and average cost. Marginal cost (MC) and
average cost (AC) are respectively defined as,

(1.10) MC = %/g%ﬁi
(1.11)  AC = of %

K

These two functions, along with a perfectly elastic demand
curvé, are plotted in Figure (1.3). As a result of free-
entry, exploitation is continued until price is equal to
average cost -- not marginal cost. This method of illus-
trating fhe misallocation has been used by Copes (8), and
>§‘fuhctions (1.10) and (1.11) and the extent of the misalloca-
tion implied by their dlfference have been measured by
Bell (3).

Given that price is parametric, one of the moét fre-
quently mentioned "corrective'" devices -- discussed, not for
its feésibility; bﬁt because of the obvious comparison drawn

in order to find an optimal solution -- is the adjustment of

the insfitutional arrangement from free-entry to sole owner-

ship. It can easily be demonstrated that as a result of this

5
The importance of adopting this framework, rather than

the Scott-Gordon revenue cost analysis, is that it is more
adaptable to situations in which. the demand curve is less
than perfectly elastic. Under those 01rcumstances, marginal
cost pr1c1ng is not synonymous with max1m121ng the rent
‘accrulnc to the resource; the preoccupation with the latter
1s a major shortcoming in the traditional llterature
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change, the externality is internalized, and the misalloca-
tion eliminated. The profit funqtion for the sole owner of
the fleet would now be:
O aw r = PKx - Kn o
Substituting’(l.é) into (1.12), differentiating with respect
té.K, setting the resultant differentialbequation equal to
zero, and solVing-fbr the profitwmaximizing.level of capital,
'K* we find that this provides the same solution as when the
right hand side of (1.10) is set equal to p. Thus, point B
in figure (1;3) represents the new equilibrium position,

-~ whereas B1 depicts the solution under conditions of free-
en‘try.6 Another policy ﬁrescription which would simulate
the sole ownership result within a free-access competitive

framework is the imposition of a tax per boat:

. : _ 1-51<'.':X* _ K*’;I\’ .
El- 13) Tk K:? — = ﬁx%’»‘ - T .

where x is the optimal level of output per boat and all

other symbols are as defined above.

When price is not constant, then, of course, there
is an additional loss in consumers' surplus which is not
incurred when price is pdrametric. This does not change any
.of the qualitative conclusions.

*7For the case in which p is not parametric, the solution

for K and Tk are much more complicated. For example, when

price is a function of quantity, then the tax, in general
terms, would be formulated as:

o
o«

(7.1)"  p(X)x - 1
" The optimal level of boats would be found from the expression,

' = 2 ﬁ\}{_




Under conditions of optimal exploitation, some results
governing the equilibrium biomass can eaéily be obtained.
These results were first féfmalized by Crutchfield and
Zellner in their work on the Pacific Halibut fishery. We
may respecify the profit functibn in termg of the biomass
(for %% = 0), by setting the production function rKX equal
to the logistic growth relationship, and solving for K in
terms of X. Thus, B

(L.14) = = p (aX - bx2) - 7 (a/r - b/r X)
Differentiating (1.14%) and solving for the profit-max-
imizing level of the biomass, we find that

(1.15) X*S = a/2b + 7w/ 2¢D |
The limit of (1.15) aé 5 +» is equal to_%gﬂ This is the

level of the biomass consistent with maximum sustainable’

yield, which is defined either as a maximum of (1.9) or of

(1.3). On the other hand, under conditions of free-entry,

we may solve for the zero-profit level of the biomass by
setting (1.14) equal to zero, and solving for X:

(1.16) X'.=# / 2vp |
The 1limit of (1.16) as §,+w is equal to zeré. Thus, extinc-
tion of the resource is a possibility with pure competition.
Related to this latter proposition is the axiom that unlike
sole ownership -- which preclﬁdes operating in the area of

negative marginal productivity with respect to an increase

It is very likely that we may not be able to solve for K
explicitly in (7.2)' so that X" would have to be approximated
using numerical methods.




in the fleet -- free-entry may generate a situation in which

the biomass is less than that consistent with maximum
aKx
fx2< 0
aK

cost is negative; in addition, the operation of the fishery

sustéinable yield. In this case,'the , and marginal
will be maintained in the backward sloping portion of the
industry average cost curve.

This completes our review of the common property extern-
ality. The analysis has been set forth under some highly
simplifying assumptions: the particular biological theory
Jés naive in that it does not take into account ecological
‘intérdependence among species; the épecified industry pro-
duction.function ignored possible crowding externalities,
i.e., the static stock externality caused by the intéraction
of a larger number of boats rather than the scarcity of the
resource; the models were partial in nature and thus glossed
over économic interdependence among species both on the
- demand and supply side; finally, the analysis presupposed

that the biomass was instantaneously in equilibrium. It is
with reépect to this last assertion that the second major

theoretical development comes into perspective. This aspect

was first mentioned.by Scott, and more fully explored by

Crutchfield and Zellner. Let us abstract‘from the externality

issue by assuming sole ownership and that price is equal to

P. We may illustrate the importance of not having the bio-
. g ' ~dX

mass in equilibrium, i.e., dt # 0, by presenting a counter-

example. Let us respecify (1.14) so that the profits are

defined in discounted terms over an infinite time horizon.




(1.17) = / (5Kx - Ce™8t g,
-f_

When (1.17) is maAJth d subject to the consfraint that

gf = 0, we get the same solution for the préfit—maximizing
biomass as in (1.15). This result follows irrespective of
the value of the interest rate -- a sustained yield restric-
tion implies that there is nQLtrade~off Petween present and
future production, and thus present versus future pfofits.
In other words , maximizing profits for a single period is
consistent with maximizing the present value of diécounted
profits over a infinite time horizon. Once the assumption
of a sustained yield restriction is relaxed, i.e., %% £ 0,

then industry output is defined as,

2 .
(1.18) Kx = aX - bX - dX
dt °»

and maximizing (1.17) under these circumstances will not

yield the same stationary biomass unless the interest rate,

S ié equal to zero. The theorem that the sole owner will
élways operate with a biomass greater than that consistent
with maximum sustainable yield no longer hoids: that
,stéfionary solution obtains depends upon & . If the latter

is high enough, it may BeAperfectly'rational to deplete the
resource. Dynamic maximization.in the present context was
more thoroughly developed by Plourde (25). Using the variable

yield function implicit in (1.18) and assuming zero production

costs, the problem is reduced to one of maximizing the welfare

functional:

(1.19) max J[m u(Ct)e-Gt dt.
0




Plourde's basic fésﬁlts follow directly from the time pref-
erence framework of his model; namely, that maximum sustain--
able yield programs are optimal only when the discount rate
is zero; that when §>0, the steady-state biomass X*, and .
corresponding stéadywstate yield (consumption) level C*, afe
sﬁaller; that when the latter holds, there exists an optimum
time path to C#, X%@ and finally, that the introductién of
positive and high production costs could -~ even for a high
value of § -- change the sbcial decision from one of deple-
tion of the resource to non-exploitation.

In conclusion, it can be pointed out that while most of
_the theoretical literature has been dominated by 'static'
’considerations related to externalities generated under

dXx
rather rigid conditions dt = 0, a linearly homogeneous pro-

duction function with respect to the number of vessels, etc. ,
it appears that the relaxation of some of these assumptions

has paved the way for a more general, dynamic analysis --

and it is in this area that new theoretical developments may

occur. For example, more complicated externalities may be

introduced by positing certain relationships between species
or fisheries, so that 6utpu{ per vessel in fishery i may be

a function of the amount of effort exerted upon fishery j;

at the same time, certain types of suboptimization problems --
such aé the interallocation of capital between fishing grounds
holding the total level of capital in the mafine resource
sector fixed -- could also be.éxamined. On the other hand,

empirical estimation of parameters within the boundaries of




the conventional theory would also reflect a significant
contribution, particularly with respect to possible policy

implications.

3. Initial Framework
The present study fits.into both categories, i.e., it
attempts to expand upon certain undeveloped components of

the conventional theory dand estinmate parameters implicit in

the expanded-analysis. However, we will follow the 'classic'

approach by not using the variable yield function-
CdX
(i.e., Kx=£(X) - dt) and thus will ignore all of the dynamic

ramifications inherent in the framework.g The form of the
production function prior to the attainmen{ of maximum sus-
tainable yield may take either the form of the traditional
1inearly homogeneous function or one with non-constant

1Y

returns with respect to the number of boats. Thus, the

8gohn Cumberland has pointed out that this study
implicitly assumes that the present level of ecological
balance will be maintained. However, it is possible and
perhaps even likely for some species that pollution will
disrupt the state of environmental balance. There are two
ways in which an hypothesized ecological disruption can be
handled within the framework of this research. First,
estimates of maximun sustainable yield could be reduced to
reflect the impact of environmental damage upon the sustain-
able harvest. Secondly, the effect on the demand for
particular species could be ineasured by negative time trends
to reflect changes in consumers' taste. Necedless to say, the
data required to analyze this type of problem are woefully
inadequate. The important point is that the conceptual frame-
" work developed here does not require modification.

. Cax

9a supplementary result of assuming dt = 0 is that under
optimal conditions the biomass never becomes depleted. Thus,
'conservation' is explicitly assumed to be optimal, i.e.,
preferred.




relationship between yield and effort, or K, can be

(1.20) Kx = a K - B K25
for the 1.h.p.f., or,

(1.21) Kkx=ox ¥ -k 0 0 e,
for the n.c.r.p.f. However, once the level of output reaches
a maximum, let us assume that the long-run supply curve be-
comes perfectly inelastic (as opposed to backwardeending),
so that either of the specified equilibriumAproduction func-
tions are valid until the yield is equal to MSY and there-
after output is maintained at that level irrespective of
price. This is illustrated in Figure (1.4). For some fish-
eries, the assumption of a completely inelastic as opposed

11

to backward-bending supply curve is quite reasonable. For

other fisheries where the theoretically specified backward

. . 2 . ey e . :
sloping functlonl 1s a real possibility, the assumption of

10A variant of this pas developed by E. Carlson His
function is Kx = (1-(1-t)")X, where K, X, and t are the number
of boats, the biomass, and ihe percentace reduction in the
biomass caused by the 1ntroductlon of the first boat
_respectlve]y

llFor example, the Shrlmp flshcry has a yield effort
relationship which is depicted below.

2.9 A .
Pl e oo B el . = € T eoms eznze o
= :
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This implies. an inelastic supply curve once mgélmum yield is
reached. In addition, in Pella and Tomlinson's work (24), a
generalized growth function is specified: Xx=aX-bX™, As m> 0,
the 1mp11ed supply function approaches perfect inelasticity.

128ee the study by Copes (8), which describes the

~ possibility of a backward sloping supply function.




I LT AT MRS IRT LRSI T 2 -
>

S L

L IRErAd IR

=y
—
e
a4
D
O
H
F

e —




perfect inelastiéity»Can still, under certain institutional
arrangements, be a valid one: the imposition of regulations
(for some intensely exploitéd species) which 1limit the

annual catch to maximum sustainable’yield effectively implies

: P ; 13 ~ -
a zero elasticlity of supply schedule. However, even when

specified prohibitions are not imposed, the perfect1y7in—
elastic suppiy function is not an altogether inaccUraﬁe
appfoximatiqn‘of the true sﬁppiy function.’ | |
ThuS-far;;little hag been modified witﬁ respecﬁ to the
conventional framework. Two assumptiqns, though, tﬁat do
changeithét framework in more definitive terms are, in essence
}ogical extensions of the usual-analysis. First, on the
éemand side, there is'the‘moré generalized»theoretical struc-
ture in which the demand for a givén species i is a function

. of the price of i, income, and the prices of all other species

A detailed discussion of this aspect is given in chapter two.
Secondly, on the supply side, there is again a more generalize:

extension. Suppose that the fishing sector is comprised of

13The halibut fishery in the Pacific Northeast is a
good example of regulation at MSY.
S i
luSimulations of the production function in the text
showed that many of the fisheries exhibited very slowly back-
ward-bending supply schedules. If a production function
exhibiting non-constant returns with respect to the number
of vessels were used, this would a fortiori make the assump-
"tion of perfect 1nﬂ]asinc1iy at and after MSY an accurate
depiction of the industry supply curve. In fact, some of
the production functions of the form developed by Carls
implied perfect inelasticity as a limiting value.




n subsectors. We may then dichotomize the n subsectors of

the fishing industry on the basis of proximity to the absolute
biological constraint, i. e., maximum sustainable y1e1d The
flr%t component will include ihose species which are at or
near MSY. A sizable.portion of the industry is in this
category. . The second cbmponent is the obverse of the first;
it is comprised either of those species which are not close
to maximum sustainable yield ~- the underutilized species --
or those species for which artificial techniques of cultiva-
tion have been developed. Tnls second component will be

referred to as the unconstrained species. Accordingly, we

will assume that the latter have perfeotly elastic supply

functions at some given level of prices. Thus, the set of
all marine resources is analytically subdivided into two
mutually exclusive subsets: the constrained set and the
unconétrained set.

The prob]em upon which some attention will be fOCUsed
in this research work may be 1n1t1a1]y 111ustrdted within a
partldl framework by reference to Figure (l ). Assume’thaf_
the initial demand curve is given by DlDl. Assume further

that profits are zero and all firms are in long-run

equilibrium. With an increase in demand to say D2D2, rents

are generated and additional capital and labor résources are
drawn into that subsector, profits are bid away and -- in
new jong-run equilibrium position . output will not have
increased. The ‘social marginal product of additional inputs

is equal to zero.




The pfimafy objectiye in this study will be to translate
”this phenémenon intq_general equilibrium terms. . That is,
suppose, within'the context of a forecast of marine resource.
consumption -- predicated upon perfectly elastic supplies. of
all species at a given level of prices -- we arrive at a
chbinatién wﬂich has as a component a technically unattain-
ab1e S§t. In other words, the forecast includes a set --
the cogstrained,set -- which we know, & priori, is not
feas%blgfbegéuse all of the elements exceed maximum sustéinm
able“yield, One of the aims of our analysis is to determine
the change in prices -- given that the level of output
reaches’ the point at which the supply function is perfectly
inelastip._ A seéond objective will be to find an alternative
combinatipn which includes MSY of the constrained set but
which alSQ;inciudes more of the unconstrained set such that
in some sense society will be as well off -as at the originally
prdjected, but unattainable bundle. Put diffenent1y, our
intention is td derive a combination which compensates
society for the loss in welfare imposed by the resource
‘constraint at MSY. Policy implications will then be examined
in fhe light of the significance of our estimates.

It is important to note that this is neither an opti-
mization nor, for that matter, a suboptimization problem;
In one sense it is an attempt to draw certain conclu51ons
from two sources: (1) estimated demand parameiprs; and (2)

a modicum of 1nformatlon related to the bJotechnologlcal

'aspects of the 1ndustry “Implicit in the analy81s:1s the




perhaps the heroic assumption that capital and labor resource
needed to produce the solution generated by the market are
transformable and sufficiently large to produce the "alter-

native combination." To that extent, the latter could serve

as a minimum goal toward which a policy specifically designed

for the redistribution of effort among subsegtors could be
directed. However, the policy prescriptions inferred from
this type of framework cannot in any meaningful way be re-
garded collectively as a substitute for the type of analeis
in which the marginal value product of factors is equalized
between fisheries. Thus,bpolicy implications must be applied
with caution and qualification. On the other hand, the use-
fulness of this point of view is enhanced when maximum sus-
tainable yield is included as a part of any solution. That
is, since marginal cost is ihfinite when output is equal to
maximum sustainable yield, it follows that in any given
optimization\scheme, maximum yield will never be a component

: 15
of the optimal solution.

- Actually, as demand increases over time, the level
of output at which marginal cost is equal to price approaches
maximum sustainable yield. If we consider marginal cost
pricing in some future period, the difference in output
between marginal cost pricing .and MSY is of the second order
of smalls and thus the categorization of "second best" tends
to under-estimate the point of view of the analysis.

S




CHAPTER II

METHODOLOGY: THE ECONOMIC MODEL

1. -Introauctioh
Thus fép, the thrust of our analysié has been centefed

upon the .common propefty nature of the resource and the im-
plications the-latter has posed relétive to the allocation

of resources. .Complementary to this problem and of extreme
importancg-fd a full theoretiéal deVelOpmeht is the methodo-
logicél fouhdation.underlying the demand related ﬁhenomena

of this study, i.ef, the projection of cohsumﬁtionkof marine
resources over tim¢ and the estimation of own and cross

pric§ paftial.derivativeé'designéd to measure the impact of
the resource constraint upon felative prices. It is the .
purposé Of this chapter.fo outline that methodglogy, acéQm~
panied byban exposition of the a priori expectations with
reépect to the results of the empirical researéh discuséed

ih the next two chapters. Accordingly; section two presents
- the entire demand model . along with some initial remarks which
highlight some of the general points bf inférest of the study.
Section fhree integrates fhe model into a framework in which
possible poiicy implicationé éan be discussed.

2.. The Demand Model

-Figure (2.1) illustrates the basic problem and serves

to introduce the procedure that will be followed. Let us

_assume that there are only two species of fish, x and y.

Figure (2.1) represents a partiélAcommunity indifference
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curve for the two species for a given year in the future,
derived from some exogenous projection of aggregate (or per
capita) income. Assume that at some set of relative prices

a forecast of consumption would yield the combination indi-.
cated by point A: o, of x and oy, of y. However, bundle A

is unattainable because ox, of x is beyond maximum sustain-

1
able yield; we can, though, obtain a combination which includes
the technically feasible quantity of x ~- given by oxl (equal
to MSY)ﬁ—f and which also includes an incremental amount of

y such that society will be as well off as at the driginally
pfojected; but unattainable bundle. This is given by point B
in Figufe (2.1). In other words, the original forecast

(Point A) was prediéated upon perfectly elastic supplies of

tﬁe two species of fish. We may refer to x as the constrained
species and y as the unconstrained species. The essential
propoéition of this paper is that the equilibrium solﬁtion
generated'by the competitive model will yield a position

which is inferibr to or below point B and that this solution
involves an excessive amount of capital and labor in the pro-
duction of the constrained species. In other wdrds,reven
after the market makes all price adjustments for the con-

strained species and quantity adjﬁStments_for the uncon-

strained species, society will nonetheless be wofse.off than

. - - . . . 1 o N )
at the originally projected combination. Given that there.

1 . . '
‘ Pu? differently, we have marginal cost pricing for the
unconstrained species, but non-marginal cost pricing for the




are input redundancies in the production of x, a policy
aimed at the redistribution of effort could use point b as

a minimum target for increasing the level of output for

. 2 .
specles y. At any rate, the dollar difference between

point B and some hypothetical market clearing point, say,
Bl; measures the welfare loss to socig}y incurred as a ?e—k
sult of the combination of the biological constraint'and' 
the modified: free market mechanism.3 This'welfare loss is
a minimal measure under the assumption that economic re-
sources could be reailocated such that the coﬁbination ihﬁ?‘
dicated by point B would be produced.

Implicit, then, is the general equilibrium nature of
our analysis: each subsector of the fishing industry will
be viewed within an interdependent framework where the con-
sumption of one species is functionally related to the

L
prices of all species and income. Assume, for example,

constrained species (MC » here).  Therefore, a better solu-
tion can be effected that will increase the level of output
of the unconstrained subsectors without reducing the level
of output in the constrained subsectors.

?This of course assumes a closed econemy. This assump-
tion will be relawed in chapter five.

3By the "modified free market mechanism" we mean the
imposition of regulations in those instances in which the
supply curve is backward bending which limit the level of
output per unit of time without any concomitant restric-
tion on the entry of new .capital.

“Puo features of this type of framework should be
mentioned. First, this is only semi-Walrasian system: the
impact of the prices of the non-fish category is assumed so




that there are n species of which i fall into the constrained

category. Given that the market for each of those i species
clears af maximum sustainable yield and given the assumﬁtion
of perfect supply elasticity of the (n-i) unconstrained
species, it is possible to obtain i price changes for the
cénsfrained set, (n-1) quanfity adjustments for the comple-

- mentary set, and a comparison of the latter to the quantity
adjustments developgd from a constant.utility lpcus;; .

The typical price'partial,z;i

R may be derived as
follows. Assﬁme the.existence of a utility function coupled
‘with a budget chstraint; such that,

(2.1 w = wag, p,e.ieng,) - 2 Upia, - 9)
—where qi, pi, and y are quantity and price»of commodity i
and income respeétively. Differentiating (2.1) with:re-

spect.to q and 1, setting equal to zero, we get,

.l (2.2) ui - lpi = O,

'(2.3) ~ Zplql -y.=0
Differentiating (2.2) and (2.3) with respect to some. given
Price, say.pl,vwerbtaiﬁ»the matrix of second partials and
. cross quantity derivatives of the utility function bordered

by prices, i.e.,

relatively negligible that it is ignored. Secondly, it
should be borne in mind that the general equilibrium structure
is . continuously changing and that we are dealing with
linearized estimates that approximate the true structure

only within a neighborhood of points; and ‘thus, by definition,
are not valid for an entire spectrum of prices.




(2.4)

.ax- .
N g
~ where uil is the i, 1 element.ofWthefiﬁverse;of'(2.”),

and "3Xiis the i, nt+l element of the inverse of (2.4). The

: T3y :
~latter is commonly referred to as the income effect, while

the first expression on the right hand side of (2.5) 1is
called the substitution effect.

The constant utility 1ocus of.quantity adjustments is
derlved from own and cross prlce partlals whlch cons:sL On1j:
of substltutwon effects, on the other hand,rmarket changeL
include both substltutlon and income effects. A major
component of our research will 1nvolve the estlmatlon of all
own and cross price partials with a consequent breakdown as:
in (2.5). Prerequisite to this aspect, however, is a fore-
cast of consumption, and it is the 1atter-which constitutes
another component of this study. This_section, then, is
subdivided intovtwo basic parts: (i) one pertaining to the
forecast, and (2) a subsection discussing the formulation of

the price derivatives.




‘A. The Forecast

‘The technique used in formulating thefprojéctions makes
use of both time séries and cross-sectional data and is
similar to a‘method employed by Powell (26). Forecasts are
derived from a set of linear expenditure‘functioné; in thch
the amount spent-on commodity i depends upon the prices of
allfébhmodities, aggregate expenditures -- a proxy variable
for income -- and a time trend. This may be specified as

follows

+
alejt + b, mt*c tt+e

=1 it

where v._ . and m_ are per capita nominal expenditures on the

1t
-~iFh;commodity-and per capita aggregate expenditures in period

t respectively, t is time (a proxy for changes in consumers'

‘ataste), and eit is an error term. The coefficients aij and
b, have the following meaning respectively:
3 .
. 2.7 Pi. = l + = - "
(2:71) ajy 7 Pygpr o Sigx; T Pk ¥30%i) e, x s
J 43 1]71
. S_y :

(2.8) bi =.p ax;

1 ~v—

B ay . . .
wherea.ﬁzl when i=j, and 0 when i#j, and k and 1X. are

ij 2
respectlvely the substitution effect and the income effect

of the iFh commodity. In'this éyStem, (2.7) may be estimated
| as‘a;pafameter at sambleAmean ﬁriée and quantity for a given
commddity. Because of the use!of.aggregate expendituresv——
as opposéd to aggregate income -- we have the idéntity:

X .

I . t M- Given this, another set of identities can be
i=1 ~° ' o - :

obfalned:




(2.9) krb

(2.10) Kk ) i}
. ;:'dijpj”o

(2.11)

The basic assumption underlying Powell's technique is
that the relationship between commodities in the utilify
- function is additive; so that, . f,} 7f~5“
(2.12) U = U Ge) + UGe) + coeen # UG ).

Thus, the marginal utility of any commodity i is independent
of the level of consumption of any commodity j3 for,i#j,
There ié no test of this assumption, other than the use of
fairly aggregative consumer categories which make Lhe speci-
fication in (2.12) intuitively plausible. The inclusion of
fish as a separate commodity does not adhere to this rule‘
in the sense that expenditures on fish do not comprise a
substantial proportion of the consumer's budget and that

certainiy there is some substitutability in the utility_.

function between fish and some other food product, say, meat.

5These three identities follow from the definition of
'income' as the sum of expenditures. (2. 9) is given by the
fact that the sum of marginal expenditures is equal to the
increase in total expendlLures (2.10) requires some further
explanation.. First, it follows that Ila..p. "2} .pP.ZID., 1a.
i3 1373 31 1373 4731 i3’

X3
However, zal] P77+ s .x.. It is also true that when
1 i apl 1] g
(p.x.-y)=0, Ip %5 ’ . e
;%17 s . 7] = -x.. Since 6..=1 when i=j, fa., reduces
i 19p. 3 Ty 1
P:l A A i 13

to zero, and thus expressidh‘(Z 10) is also identical to zero.
Given that (2.9) and (2.10) are identical to one and Zero re-

; tivel it follows th <
gpectively, at.% c:=0, so that v s t_mt-ls saulsfled
1=1 1 . i= 1t :




However, we are nof conciuding that there is no substituté—
bility or no compléﬁentary between any givenyfood:category
. and fish; what we are implyihg is that any substitutability
is bdlanced by complementarlty so that there is net addi-
thlty or Lndependence in the utility function between flsh
on .the one hanq and the category 'all other foods on ‘the .
other. Nonetheless, én implicit test of the édditiVity
assumpfion within this context can be.deviséd;s

It has been shown that, given the assumption. of separé—-'

bility, all,of the own and cross -price derivatives can be

specified in terms of income derivatives. Trisch (13);
Strotz (34), Houthakker (18), and Johansen (19) have each
demonstrated thaf under this form of the utility function

if all income derivatives and one price derivative "are known
then all price derivatives can be obtained. Consequently,

the price partials may be spe01f1ed as follows

(2.13) % —.—axl.(xj SR PN LS

(2.14)

6 .
See Appendix A.

These results can easily be demonstrated. Let us
represent the matrix of thé form given in (2.14) (1n matrix
notatlon) as,

(7.1)'




is as defined before and y has the meaning ,

b

oy
where ) is the marginal utility of income. Given the coh—_

' OXs . . .
?P- 1 =1 , it is possible to salve for v
iigy :

using (i-1) independent estimates of the income coefficients

straint that

and one independent value of 3%i “." Powell, however,
P4
: : R s
estimates all income derivatives and y endogenously; once

these parameters are found all of the price partials can be

deduced. However, we are not interested in the price partials

between the all fish category and the other faggregate] con-

sumer commodities per se. Rather, it is the income coef-

ficient, or more precisely the expenditure parameter b,, the
_ : i

where U is a diagonal matrix (because of the additivity
assumption) with typical element equallto_uiil In +the

process of inverting (7.1) we can make the following trans-
formation (for esase of illustration):- —p'U"lpzl, Thus, the
inverse of (7.1)'" becomes, :

1 P |

. } }
(7.2) Lyleprgtt 0 uTh

U +Uf1

p'U" S

When the matrix (U"1+U™lpp'U™1) is multiplied by » ,.the
matrix of substitution effects is formed. Since -U "p is

equal to the vector of income derivatives, and since Ul s

a diagonal matrix with typical element 1/u;,, it follows that
the 3y s equal to ~P;/uji. . If all of the income derivatives
are known, then all of the elements of U"l can be found.

Given the knowledge of one price derivative, A -can also be

obtained, and, as a result, all of the own and cross price
derivatives can be found. ,




parameter oh time ci, and the estimated value ; which are
critical in this part of our research. The first“two
estimates provide all the nécéésary inférmation>for the
forecast of fish consumption, whiie the last is essen{iaii
'in order to obfain-all the price partials' b

of fish.

Given the additivity assumption about the utility
functioﬁ givén in (2.1&), we ﬁave the following relation-
ships within the system of linear expenditure equations:

P ags s bay/hy bR Gt )
Because~of the budget constraint --"the sum of expenditures
on individual commodities are identical to total expehditures
-- another identity holds, namely:
(2’.17) kZ aij':'o
Soa=l
Givén-(2.l7) and (2.16), it then follows.thaf,

(2.18) aj; = (bi—l)(ybi/ﬁi

Linearization of the price partials in this system is imposed

at sample mean quantities and prices, ;j(§.) and 5_ (5.)
- : . i 3 i

respectively. From (2.16) and (2.18), we may derive an
alternative expression for (2.6)

2.19) v.. - = :
(_ 19) Vit = Pi¢xgy Yzit_* biu t et + e,

t i o1t

‘where z. and u are defined as:
it +

8 . N . . b
_ For further explanation of this.derivation, see
" Powell (26). : _ - ‘
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(2.20)

(2.21)

(2.19) can finally be changed to:
(2.22) 'y, =b.u +ct+te
it it i it
in which

.(2.23) Vip =

(2.2”) qi_t =

"~ Thus, the original expenditure‘fuﬁctions are transformed into. .
relationships in which exogénous‘variables only appear on the
right hand side of (2.6). In other words, since u is a
function of m and pjt’ and since neither one of these
variables is explained within this system, the set of linear
expenditure functions is reduced to a set of equations with
completely exogenous independent variables. The economic
iﬁterpretation of +he transformed variables may be concisely
‘clarified. The left hand side of (2.22) can be viewed as the
difference between 'transient' purchases of the iJCh commodity,
q; > and those ?urchases resulting from substitution effécfs,
YZiq ® The right hand side of (2.22) is comprised first of
a variable, Ut, representing the difference between money

income and expenditure upon the consumption of certain

'normal' quantities x., and secondly, of a time. trend intended

. - 3
to represent changes in consumers' taste.

9powell (26), p. 663.




The méthod of'estimation involves an iterative technique
in which prior restrictions on the éysﬁem giye -- with one
exception -- maximum likelihood estimators and the same
estimates as.would be obtained using two-stage least squares.
In order to. derive the vector of dependent observations on
the left hand side of (2.22) one must first have an initial
set of {b;} so ‘that a corresponding observation vector {z;.}
for eaéh i may be computed as.-well as a prior value for y.

Powell solves for the latter by using a technique developed

10 .
by Leser. = . Given that y appears in all k equations, the

criterion chosen is that which will minimize the grand total

sum of squares; i.e.,
4 k

(2.25) - min £ I (g, - 4..)2

i=1 + it it

Within this context, vy, as well as the other 2k parameters
may be simultaneously estimated by differentiating (2.25)
with respect to each of the parameteré, setting equal to
zero, and solving. Thus; we have

A

(2.26) g = g1y

where (2.26) follows from tﬁe first-order conditions‘fof a
" minimum.

In the above system, ; is a (2k+l)21 vector, and is
equal to, |

(2.27)

10, | ' . .
See "Demand Functions for Nine Commodity Groups in

Australia," by C.E.V. Leser in Australian Journal of
Statlstlcs, 2, 1960, pp 102-13.




(2.28) ¢=(xzz % , _
ST s ugqe L TEQL L s :
it dthity qutt qlté,\ltqzté:tqzt, .. 'fu-tqktftqkt)

Z is a matrix of order (2k+1) x (2k+1) and is given by

(2.29) 7= £ yyz. 2
. 1t
! 1t

B

\

The différent components of Z include H, a 2kxl vector,

Q , a 2x2 submatrix, 0, a 2x2 null submatrix, and XZzi*z
_ it -t
is a scalar. H and @ have the following meaning:

(2.30) H=(rz: uj stz.. 3 - e
H (t 11Ut Itz BE e B fzktutfizk_t)r
- L

t t

(2.31) Q = = Ttu
£ T

For an initial set of { b;} all of the z, 's can be found

1t
and, correspondingly, once an estimate of the z. 's is

it
obtained, the vectors H and ¢ can be formed, and.@ can be
estimated. The new values of the.{bi}bon the left hand side
of (2.26) are then substituted int§ the right hand side of
(2.26) tb form another set of vectors, i, ; and ¥ is re-
estimated. This iterative prpcedureAis continued until con-

vergence is attained, i.e., until the {bj}'estimated in v are

equal to the {b;lused in deriving the z;.'s that are




\fognd in H and ¢.11 The components of £ are completely ex-
'ogenous, and, as a result, the elements of Q do not change .
from iteration to iteration. In addition, the estimates
obialned aftar convergence are at least pdxilally consistent

12
‘with the Aitken-Zellner two-stage least squares estimates.

After convergence has been attained, we will have an

‘estimate of the expenditure coefficient for fish bF; an

~ ~

estimate of y, vy , and a parameter on time, cF. From the

~

point of view of the forecast, y , is unimportant. In fact,

given the transformations made within the system, the term

§zit disappears within a forecasting context: since the

projection will be made at mean price levels, P , the term

: J

Z: ¢ is evaluated at‘Pjt = P , and is thus equal to zero. We
, R .

would expect the sign of bF to be positive but in all like-

lihood not significantly different from zero. The inclusion

of the time variable requires some further explanation. The

11 . .
In the actual estimation process to be described in

chapter 3, the condition for convergence is reformulated

into an equlvalent condition concerning ¥ . The procedure
described there is identical to the one theoretically
,spe01fled here, but is computationally less difficult. 1In
addition, the estimation procedure ensures that the iden-
tltleS, Zb- > ICj -0 _are maintained. For details, see section

2 of chapter t%ree

lene problem, however, is that the conditional dis-
tribution for e, ijt> &lven all of the other (k-1) contempora-

‘neous error terms from the stathtlcally fitted equations,
does not exist.




time series estimated expenditure parameter will be used in
conjunction with a series of cross-sectionally derived
measures; the addition of the time vériable serves to
extract trends from the equation so as to obtain 'pure' ér.
long-run expenditure partials, comparable to cross-sectional
estimates in a time series framework. Others who have used
a modified version of the Powell technique have found tiﬁe
trends an imﬁoptant'demand shifter. At the same time, a‘

high degree of long-run intercorrelation between "t" and

1"

~

ut" will not hamper the efficacy of the equailon as a fore-
; . 14 : '
casting -device.
Given some exogenous projection of aggregate (per
capita) expenditures we then can derive an estimate of ut
k _ S :
(2.32) ﬁt = m - ?_ §'§.
3=l 33
Thus, the forecasting equation would be specified as,

\A. = ). . A-A a te
(2.33) . Plxl blut + Ce

We would accordingly have a projected value for real per
capita consumer expendltur“s for fish for a year or set of

.years into the future. This would complete the time series

component of the empirical research. However, the information

13 ‘ . .
1 See, for example, "A Multi-Sectoral Analysis of Con-

sumer Demand in the Post-War Period," by Alan A. Powell,
Tran Van Hoa, and R. H. Wilson, in The Southern Fconomic
Journal, October, 1968, pp. 109-120. The only difference
in that article was the atLethOd incorporation of non-
linear responses to changes in income.

1}J Johnston, FconomeLrlc Methods, cha )ter e19ht




obtained in this'analysis will complement the cross~scctional
parameters in two important ways. First, the parameter b
will serve as a control total in 'distributing' expected
expenditures forifish across species. in other words,
individual épecies expenditure coefficients, cross-sectionally
estimated, Will be modified so that the sum of these
individual coéffidients equals the parameter EF; the

modified coefficients will thén serve as tﬁe basis for
él]ocating the predicted level of total fish expenditures
among species. Thus, in this first instance not only will

the time series ahalysis complement the cross-sectional

study, but the latter will play a prominent role in the
time-series oriented projections as well. Secondly, N
derived after convergence of the iterative technique dis-
cugsed above -- will be utilized as a component of the own

and éross price pértial derivatives which will be estimated

in the cross—sectionél study.

- B. The Cross-Sectional Study and the Formulation of the’
"Price Derivatives

The second major part of the empirical research stems

15

“from a recent household survey across regions. The pur-

. pose is to derive certain bits of independent information
to be inserted into the general equilibrium system in which

a set of estimates totally consistent within that framework

15

A household survey was conducted by the National
Marine Fisheries Service in 1969. :




can be obtained. For each species there will be an
estimating equation of the form:

. m
(2.34) wv., =.3%a;:p:4 *+ b. + ¥ »
il iiPy1 m c.x, te.
_ 373 171 j=1 3 Il 11

In (2.34), V'i is per capita expenditure for the i specics
i .

th . .
by the 1 ! household (or group of households), the aij have

the same meaning as in‘(2.7),»m] is’ annual pefrcapita in-
come, and the 'x ' represent ceftain socio~economic.charac~
. 11 '
teristics. The latter are inc;uded so as to attempt to
abstract from the impact of differences in taste'among house-
holds upon the regression coefficients of the economic
variables. Such characteristics aé family size, race,
religion, regional taste factoré, etc., can all be handled
either by a set of dummy variables -- when observations are
on a household level -- or by continuous variables (i.e.,
_proportion of a particular réce or religion within a group
of households) on a more aggregated'basis. After these
socio—economié features have been accouﬁted for, and a set
of price and income coefficients are derived; we will in-
tegrate some of the cross-sectional results with those of
the time series$ analysis. Given a set of n income coef-
ficients -~ one for each species -~ from the cross-section-
al‘study, consistency between these and the expenditure
coefficient for all fish can be attained in the following
manner. Assume that 5. represenfs the unrestricted income
coefficient of the ith_species estimated in (2.34). Then,

the income coefficients will be modified according to the




A;'; ’ n "
(2.35) 5 = Pisy Py by,

M . : . .th .
where b #* is the income coefficient of the i speciles con-
» : .

sistent in a general equilibirum context, and b jg as de-
F

fined above. While this method may appear arbitrary, if the
sum of the unrestricted cross-~sectional income coefficients
comés reasonably close to the time series control total,
the method used to distribute the residuals will be of only
minor impOrtance.lS Thus, the forecast of expenditures for
all fish given in (2.33) will be subdivided between species
on fhe~basis of the set Off{bi*} and on the basis of actual
mean expenditures for the various species (the first ex-
ﬁression of the right hand side of (2.33))}7 Accordinlgy,
there is consiétency in two respects: (1) the sum of the-
modified expenditure coefficients are consistent with the

k

constraint imposed in equation (2.9), namely that 3 b, si :
' i=1 %

One reason why we might expect the sume of the cross-
sectional coefficients to be very close to the time series
control total is that the purpose of the inclusion of time
as a variable in the time series equations was to obtain
long-run parameters on aggregate expenditures. The cross-
sectional estimates, on the other hand, also reflect long-
run income estimates.

-17This requires furtherﬂexplanation. The first expression

on the right hand side of (2.33) is p;x;. However, %; is

a quantity index equal to V./p. Therefore, p.x. =v .
. i’ Pi. Pi¥iTVy, e,

mean fish expenditures. On the other hand, V. can be

broken down according to species.




(2) the pPOJCOthD for all fish expenditures is equal tlo
thé sum of forecasted consumer expenditures for cach species.

The second component of the cross-sectional analysis
involves a set of estimated price coefficients.. In par-
ticular, what is needed is a set of n(n-1)/2 reliable price

5 s

partials. The only constraint in selecting an element of
this set is the condition that once axl is selected for J#j,

axj cannot be chosen. This is Lruc }or some given i and J.

%g}s condition, the numbar of elements needed in the initial
price sct, and the method of obtaining the entire array of
price partial derivatives follow from the tenets of utility
maximization. More specifically, given some generalized,
highly unrestrictive assumptions about the utility func*tion18
it can be shown that with the set of modified income coef-
ficients as well as the n(n-1)/2 reliable price derivatives
that the Qntire set of nxn price partials can be estimated.
Assume that we already have the estimated set of priée
qoeffiéienﬁs'{ aij} anc the set of n expenditure derivatives
{ bi*}. Further assume that there are n species of fish
and k-1 other [aggregated] commodities. Given the assumption
of additivity introduced befbre, we can postulate the par-

titioned matrix of the first partial derivatives of the

marginal utilities with respect to quantities, bordered

8 - . . :

Unrestrictive assumptions only with respect to one
species of seafood versus another species -- not with
respect to seafood vis a vis other commodltles




by prices, as

(2.36)

This is the same. type of matrix as shown in (2.4),

except that it is in partitioned form, and it reflects the
specific aséumptions made~with respect to seafood vis a vis
all other commodities.

In (2.36) F is an (nxn) submatrix, involvingvthe sea-
food sector, in which the off diagonal elements may take
on- values of % 0, and G is a (k-1 x k-1) submatrix containing
the partial derivatives of mavginal\utilities of all other
commodities. ¢ is the null matrix of order (nxk-1) and
both ¢ and &' reflect the assumptlon of 1ndep°ndence between
any species of fish and any of the other k-1 commodities.
Finally, the price vectors —pF and -pG are respectively of
order (nxl) and (k-1x1) and 0 is a scalar. In the process
of finding the inverse of (2.36), wé may make the following
transformation:

1

- -1
) -p_! - PGP )=
(2.37) | (-PL'FT7PL - P, L

Since the left hand side of (2.37) is a scalar under any

circumstances, constraining (2.37) to one is equivalent to

making a positive monotonic transformation of the original




. 19
expression. As a result of the transformation, the in- .
verse of (2.36) becomes:

(2.38)

. - -1 :
The matrix (F . + F pFPF'F

) is of order nxn and,bwhen
multiplied by (the marginal utility of income), gives a
matrix of substitution effects for all own and cross Price
partial derivatives among all species of fish. Thus, the
typical price partial could be spécified as,

(2.39) %5 0%

5. = Af.. - x.. & :

. . .th . . -1
where fij 1s the 1] element in (2.38). The vector F Pr
represents the set of species income coefficients except
that each element has the opposite sign of the true income
derivative. The other elements refer to cross partials
either between a given species of fish and commodities in

the non-fish category or price partials between the other

commodities (excluding fish), and also to the income

This assumes that the original expression is a
positive scalar. This would be consistent with a value of
3 .. g , i.e., diminishing marginal utility of income.

Yy




cOefficientS_of the other k-1 commodities. Consequently,
these elements are outside the scope of our analysis.
Two results directly follow from the transformation

made in (2.37). First, it is possible to specify the in-

, -1
come derivatives in the form -F PF, Secondly, since the

an

: is equal to the inverse of (2.37) multiplied by —i, we
v . .

have, in effect, set %g = *=1. Thus, the time series esti-
mate, Y (:fx/il) is identical to an estimate of the marginal

~

utility of income, » . If we have all of the income de-

. X .
rivatives, and n(n-1)/2 estimates for L , we can easily

op=
J
isolate income effects (at mean quantity levels). Then,

given that the substitution effects have income effects
:embedded in them, we may isolate the latter and solve for
n(n—l)/Z elements of the matrix F”l. ‘Let us denote an
elemgnt of F71 as fij, while Fij refers to the 'total' sﬁb»
stifution effect divided by i ,» 1.e., that which includes
the_second order income effect. Because of tﬁe assumption
of the existence of a continuously differentiable utility

) -1
function, the matrix F is symmetric. Therefore, we have

. . - ) -1 20
only to find n more elements in F . However, we know

that

This is true whether the n(n-1)/2 elements which com-
prise the initial set of independent es stimates correspond
exclusively to off- diagonal elements or to a combination
of diagonal-off- dJaponal elements.




where h is an nxl vector of income coefficients. By re-

1 . .
arranging (2.40) and using the symmetry characteristics, we
can respecify so as.to end up with a system of n equations
and n unknowng. In other words, we can derive a vector O,

such that, : ’

--1
(2.41) o0 = (h, - F ),
1

--1 , : .
where F is.comprised of the known elements of F multi--
plied by appropriate prices. It then follows that,

(2.42) ¢ = pzn

where p is an nxn matrix comprised of prices and zeroes,

noos - ' ) -1
and 7 1s an nxl vector of the unknown elements of F |
Thus,

b

(2.43) gn = p-ig

. . , -1
and we can find all of the comnponents of F and, as a con-

1 -1
PLbL'F . When all

e . -1 -
sequence, all of the F 's in F + F
. 1]

of.the eléments are multiplied by ; , we will have a matrix
of substitution effects.

On the basis of economic theory, it is required that
the sign of Fii <0, and we would expect -- because of the

close relationship among species -- that the F, (i#j) are
’ . l .

21 .o
greater than zero. In addition, we would expect that for

21 . s
‘ In Powell's study, where commodity classifications
were fairly aggregative, the Fij were all positive for i#7,
although because of large income effects the uncompensated
cross price derivatives were all negative, and thus every




the independent estimates, the uncompensated choss partial

. 90X
derivatives 3§£ would be greater than zero, and of course,

the uncompensated own partial to be less than zero. The
parameters are -- given the reliability of the initial set

of coefficients independently estimated -- unique up to a

positive monotenic transformation.

3. Policy Implications

Thebestimation of all of the priée.defivatives would
complete the empirical aspect -~ in terms of parametér
identification -- o} this Study,'However, the policy
implications have yet to be examined.

Not the least important aspect of this research is the
application of a forecasting technique which is normally
used in situations in which the individual commodities ﬁhich
cdmprise the analysis are all of an aggregated nature. The
purpose of employing'it in this context -- where seafood is
obviously a much more disaggregatéd commodity -- is to place
some realistic upper bounds upon the increase in projected
consumption. That is, the constraint imposed by the expected
budget and the consumption of other goods would tend, ceterus
ngibus, to reduce the rate at which expenditures on seafood
can incréase. Some obvious comparisons may be drawn between

the forecasts derived here and those obtained using- a tech-

‘pair of commodities were gross complements. However, that
the Fi: were greater than zero in this instance would,

a fortiori, mean a positive sign for more disaggregated,
more closely related and substitutable goods.




nique which does not take into account the type of restrict-
. . ‘ ] s 22 ..
ions imposed by the more aggregative approach. This 1is
particularly important for a resource related commodity.

The lower the increase in rate of projected consumption,

the less pronounced is the need for governmental intervent-

ion.

'The second significant subtopic concerns the price

changes caused by the supply restrictions. Let us make the
assumption, as we did before, that of the n species, i
belong to the constrained set. For the momenf, let us ignorev
the impact of international ramifications and assume that
we have a closed economy in which a replenishible fishery
resource is harvested. Let us denote Xi* as the vector of

c

projected consumption for the i constrained species, X, = gas
_ i

maximum sustainable yield for these species, and AX_, as the
' i

ixl vector, in which

(2-’4’4) AXi = Xi
'Since all of the projections will be made ét least far enough
into the future so that forecasted consumption is at least

greater than maximum sustainable yield, it follows that

all of the elements of AXi are negative. Given that. all of

22
“Just such a comparison will be discussed in more detail
in chapter six. '




the constrained markets clear at MSY, we may estimate

changes in the prices among the i constrained species. on

the assumption that the other species are in perfectly

elastic supply. Defining F ~ a5 the ixi submatrix con-
o i
taining all of the price partials between the constrained

species, we can find i price changes as follows:
(2.45) F. Ap., =

(2.46) Api =

The price changes in (2.46) reflect all of the interaction
between own and cross partial derivatives. In similar
“fashion to the férecast, we would expect that the intro-
duction of the general equilibrium framework on the demand
side would dampen the rate’qf increase in prices relative .
to a set of.changes obtained from a partiai equilibrium
framework, i.e., when quantity consumed is a function of'
own price,only.2Ll Thus, the need for government policy
Programs could very well, as before, be considerably re¥

duced.l

23 .
This assumption is vital so that we may solve for the

i1 price changes. Otherwise, we would have a hopelessly under-
identified system. Given enough time, however, it may not

be an unrealistic assumption. '

24 - -
Comparative price changes will be discussed in
chapter six. '




Finally, the allocative implications may be set forth
~as follows. Denoting F . as the (n-i) x 1 submatrix of
' n-1
cross partials between the constrained and the unconstrained

species, i.e., only thosc which refer to the change in the
quantity of the unconstrained with respect to a change in

the price of the constrained species, we have-,

(2.47) F¥_ .
n-i

where AXnni refers to the (n-i)xl vector of quantity adjust-

ments of the unconstrained species made in the market. We
may refer to the vectors px . and Ap, as the market price
7 n-1i i . ' -

and quantity solutions respectively. On the other hand, let

ofs ofe
ww

F. represent the ixi submatrix of substitution effects
i

between the constrained species. Then, a set of modified

price changes ,P.', can be shown as,

(2.48) . **
. i

-(2.49)

where AXi is as defined above, and &p ' is a vector of
i

ixl price changes generated by a matrix of substitution

ot ota
wa

effects. Letting T stand for the (n-i) submatrix

KX n- i
similar to F ° , except that it contains only substitution
n-i
effects, we may solve for the set of quantity adjustments

which leaves society as well off as at the originally pro-

jected bundle:




where ax ' is of order (n-i)xl. Let { x* '} represent

n-i n-i
the orlglnally forecast set of unconstralned species. The

difference betweew the set generated by the market {x* .+Aax .}
. ] n-i n-i

and the consLdnt utility set {x _+Ax" }measured in terms
n-1i n-i

of the orlglnal set of prlces -~ is the general eQUlllelUm

measure of the loss to society 1mposed by the resource

cOnstraint coupled by the free-access market mechanism.

25
In other words, this is the n- -dimensional analogue of
what is referred to as the quantity-equivalent variation.
Dlagrammatlcally, the quantity-equivalent measure 'is given
by "(dd')" in the figure below.

La
f-.J

o @ﬁy

Within the context of a closed economy, the benefits
of a program to redistribute effort so as to arrive at a
combination denoted by "d" would be measured by a new set
of prices; namely, that set of prices at which the bundle
"d" would clear the market.




If that difference is relatively large, then a policy

aimed at a redistribution of effort should be directed

toward the attainment of certain output levels as minimun
goals, given by x
i

bl

(2.51)

C o
where both x and (x

i 4+ aAx' ) have already been de-
n-i

n-i

fined. In that case, the level of capital and labor to be
reallocated can be determined by. simply multiplying the in-
creased level of output by the respective .capital-output

and labor-output ratios of the constirained species.26

On the other hand, if the difference between the mar-
ket solution and the solution.generated by the constant
utility locus is of the secénd'order of smalls, then that
too is significant Since,it implies that the market (with
Some'possible slight adjustments impdsed>yia a quota) makes

rather 'optimal' adjustments under suboptimal conditions.

26

We have, of course, assumed a closed economy.
Empirically, however, the United States is a net importer of
seafood, and those species which are primarily affected fall
almost entirely into the constrained setl category. Nonethe-
less, we may abstract from international considerations by
assuming that the United States consumes some long-run share
of maximum sustainable yield for the constrained species

and that the incremental output of the unconstrained species
implicit in (2.51) can be produced domestically. For further

explanation, see chapters five and six.
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Whichever outcome is derived, the framework of a more

general equilibrium analysis will help focus attention to

~ resource probléms traditionally handled in a partial frame

of reference. .




CHAPTER IIT

TIME SERTES ANALYSIS

Introduction

While previous chapters have highlighted the earlier
literature and outlined the basic demand model, this chapter
‘will concentraic upon all factors related io the time series
aspect of this study. Chapter four goes 1nto a getailed
dJSCU% .ion of the cross-sectional component, reconciles the
results of the latter with the "control totals" established
by the time series estimates, and deriveé all of the price'
partials. Chapter five will then derive a series of forecasts
of seafood consumption expenditures for a series of years

into the future and will make explicit the assumptions

needed to relate the predicted level of consumer expenditures

to the resource constraint in the relevant subsectors of the
fishing industry. Finally, chapter six consists primarily of
‘a dlscu531on of policy implications.

Thé stpructure of this chapter may be subdivided into
three ?arts. The first section includes & discussion of the
specific computational methods used in the implementation
of the model described in the previoué chapter. The second
section describes the basic data used in the time series’
analy51q and explains the commodlty c1a851flcatlons employed.
The last part summarizes the ba51c findings and presenis

some conclusions.




2. Computational Model

The estimation procedure described in chapter two may
be computationally broken down into a two stage process.
First, vy is computed using the formula,

(3:1) y =

where 3 is as defined before, and R is equal to:

(3.2) R =/ 1

All of the components of R have already been défined in the
. previous chapter, and the dimension of R, like %, is (2k+1)
X (2k+1). An easy way to compute (3.1) is given by the
following, | |

S

(3.3) v =

in which,

(3.4) T




. . - - o/‘\ -/ . . .
Given an initial sel of expenditure coefficients, the first

row and column of the T. and L. matrices can be obtained and
1 1

(3.3) may thén be derived. The second stage of the estimation
procedure involves the computation of the observation vector
Y;+ on the variables u and t. However, due to the franSv
formation made in the system, running OLS regressions for

eaéh equation in the system ensures that the identities that
have been superimposed on these equations are maintained --

k k 1

namely, that 3 bi =1 and ¥ ¢4 F O.
i=1 i:]_

This may be easily demonstrated as follows. For any
given equation, we have )
(1.1 Min ¢ (y.,-b.u,-c.t)
- g TtoAt i

Differentiating (1.1) with respect to b. and c. and
setting equal to zero, we find that, *

(1.2)! . =
v Zyltgt bi Ztut+ci rt

t -t t

Solving for ¢, in (1.3)', and substituting back into
(1.2)', we obtain an~expression for b., namely,
L)t b. o= u, 2
(1.4) i ) 1% Tt Zyitt %tu
T

t

2 2 2
1ttt - Ztut
ot t




A new set-ofvbi-are then~generated and the process described

above repeated. Convergence is defined as the condition that

A ~ A

vy in iteration m is equal to vy ¥y ,and so on. The
. ‘ - mtl mt2

computational method utilized for each iteration gives all
of the elements of ; (the vector of parameters), and is
identical to the coefficients estimated by the RHS of (2.22).
- In adqition; the condition for>convergence described here
gives the same results in terms of the final parameters as

does the theoretical criterion for convergence described in

Given that the demoninator in (1.4)"' remains constant and
does not depend upon "i", and given that IV ;5 ug, it
follows that,
(1.5)' kx
I by = ‘
1:1 +
2 g’ - -gtu, 2
| t ot t
- The solution for c; in (1.3)' is given by

1 V = »
' t t
. 2_t2
t

t

Summing (1.6)' over i, we have,
(L.7)'" kx - ' .
- ci = 1 [Z (zy, £ - b ztu,)]
) 2 1 .Tat i t
£t t t
,.v. [ . 't - bv. .
= 1 2(P; rtu )]
~at 1 t

b
i=1

]

[z (t'; Yi¢) - Itu
t. i ot

t

[rtu, - rtu d = 0
t ot
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chapter +two. Thus, the only essential difference between

the system outlined in the last dhapter and the technique
adopted here to estimate the'parameters of that system lies

in the ease of computation of the latter.

2

This iterative procedure is very similar to a
generalized least squares routine used by Powell, Van Hoa,
and Wilson, "A Multi-Sectoral Analysis of Consumer Demand
in the Post-War Period, in The Southern Economic Journal,
Vol XXXV, No. 2, pp. 109-120. Ignoring differences in
specification, the vector ¥ is estimated by,

(2.1)" & = (W¥ D1 wy-1 yT D—lq

In (2.1)', W is an independent variable observation matrix
made up of a diagonal matrix -- comprised of all of the v
exogenous variables that appear in every equation -- and
a column vector of elements (yit) that are different in

each equation. g is the vector of dependent-variable
observations. D is a knwzkn diagonal matrix -- k equal to
the number of equations, n the number of observations --
whose elements are o2

1
0k2
The assumptions underlying D follow classical precepts:
homoscedasticity and zero serial correlations within
equations, and zero contemporaneous and serial inter-
_equation error covariances.

There are principally two differences between the method
used here and the procedure followed in (2.1)'. First, in
(2.1)', an initial set of expenditure parameters is used

to derive the Zit's and - in effect - the procedure parallels
the first iteration followed here --_so that the elements

of D are then found by computing o3;“ from the several

equations. The new set [bi] is then used to construct the
Z2;¢'s and (2.1)' is computed. However, D is not changed

from iteration to iteration. The technique used here --
adopted by Powell in his article on the Australian economy --
would be equivalent to using (2.1)' - except that D would be
changed at each iteration. The second important differernce
relates to the fact that D is not known ex ante; i.e., even
if D were to be changed at each iteration, the D employed

in iteration m is derived from parameters obtained in
jteration m-1. The method employed here would be equivalent

to using a D_ consistent with parameters in iteration m.




Data

The commodity classifications outside of the fish con-
sumption category were choseh so as to be fairly aggregafive~
in nature in érder to;pfeserve the plausibility of the addi-
tivity assumﬁtion with respect to the utility function.
Altogefhef, éonsumer expenditures in the United States were
subdivided between the following five categories: (1) fish,
(2) all other food, (3) all ﬁon~durable commodities (ex—.
cluding food), (4) consumefvdurables, and (5) ser&ices. The
definitions outside of the food classifications generally
follow categorizations developéd in the Survey of Current
Business.3 Table é.l preseﬁts the breakdown between commodity
groupings. Table 3.2 and 3.3 present per capita expen-
ditures and price indices respectively for these five
commodity groups for the years 1952-1967. Thgs, a price
index.isbused for the price variable, and expenditu?es'
deflated by the relevant pricg index is used'aé an indicator

of real quaﬁtities. The values of time ("t") for the period

1952-1967 run from "-7" to "+8". = Finally, initial estimates

3

Survey of Current Business, July, 1970, [p.29] has
the breakdown categorized. Except for the "Food and
Beverage" group, all others follow that listing.

I

This, of course was arbitrary. For most of the
studies of this nature, the number of years selected is odd,
so that Ett = Q.




Commodity Groupings*®

1. All Seafood
2. All Other Food

All Food Purchases Minus Seafood, Minus Alcoholic
Beverages and Tobacco.Products . ' ‘

3. All Other Non-Durable Commodities
Alcoholic Beverages
Tobacco products

Clothing and shoes

Gasoline and oill

Other nondurable goods (excluding tobacco products)

Durable goods
a. Autos and parts'
b.. Furniture and household eQuipment
c. Other durable goods

Services
a. Héusing
b. Household operation services
c. Transportatioﬁ services

d. Other services

Source for categories 3-5: Survey of Current Business,
National Income Issue, July, 1969, p. 49. Seafood
expenditures estimates were obtained from the Bureau of
Commercial Fisheries; category 2 was calculated by
differencing the seafood from the food group. The latter
;s also published in the Survey of Current Business.
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Table 3. 3.2

Per Capita Expenditures by Commodlty

_ Per cap-
All Other : ita exp-
ATJ Othes Non-durable Durable end:i.tures
Comnmoditiss Commodities Services Total
12.2816 337.491 378.84 187.566 1}69.298 U8

.11;61895,337.251 385.874 209.156 502.837 6.75

11..55276 337.661 381.421 202. . 527. 1 .89

10.79887 341.012  395.204 . 53. . .06

*3.11.18584 348.369 40¢.u458 1. , .961 . .52
12.2282 360.99 .83Y
12.5854 370.024 .173
12.3955 373.96 .392
12.1173  377.416 .031
12.5245 381,194 1457.945
12,9021 387.232 . 345
12.713  392.846 88.291
12.6887 409.986 2.901
13.3056 429.529

' 14.28 455.318

14.6587  458.254

- Source: Survey of Current Bu51ness, and  Bureau of Conmerc1al
' Flsherles :




Table 3.3

Price Indices For Five Commodity Groups®

A1l Other
All Other Non-durable Durable
Year Seaiood Food Commodities Commodities Services

974 .953 ©.929 .954 .836

.938 .93 .938 .943 .877

.9u3 . ) .9us5 .928 4 .800
.92y .922 .9ug S 919 .920
.923 .92 . .949 .9u6
.984 .973

..000 1.000

.01y 1.030

.00¢ 1.058

.006 1.076

1.008 -.1.090

.00 1.109

.00 1.131

“.996 1.151

.987 1.183

1967 . 1.194 .13 .2k 1.003 1.221

*Source: For all categories except "Seafood", OBE Implicit Price
Deflators were used for the relevant price indicators. That
is, for “Durable Commodities" "Sorv10cs“, and "AJl Other
Food"
Current Busxneqq (July 1969 and 1970 lssues, and Nﬁtlonal
Income Account Supplement). For the classification, "All
Other Non-Durable Commodities", a weighted average of the in-
dicators of components listed in Table 3.1 (with weights based
upon expenditures in the base year, 1958) was used. Finally,
the "Seafood" price, indicator is the BLS estimate of the CPI

. for seafood purchases. Although not all seafood commodities
are included in deriving this index, in terms of value it is
a fairly good indicator of the direction of change of total
gseafood cost. 1In.other words, the seafood commodities that
are included in the index comprise a fairly large proportion
of the total value of seafood purchases, and thus, over a
long period of time the BLS index would represent a fairly
accurate prlce index.




of the/expenditure'coefficients for these product delineations

were taken from a study undertaken by Powell and modified
so as to be consistent with fhe present research.

L. Results

The actual regression‘that was fitted was of thejform,

(3.6) Y., :V‘bi‘_lt et te,
where all variables have been previously defined,‘ The‘reQ
sults iﬁ terms of the final regression éoeffiéiént85 t values,
and R2 for each equation; are given in Table 3.H1~>éurrc§m~
putational fésoUrces précluded absolute conVergence: con-

vergence to U places was achieved in three iterations (see

5The following estimates were used: Clothing .070;
Housing .022; Household Operation .062; Furniture and
Durables .130; Private Transportation.340; Public Trans-
portation .018; Miscellaneous Non-Durables .065; Services .20U;
Food .089. Services, Private Transportation, Public Trans-
portation, Housing and Household Operation were put under
the "Service" category; Furniture and Durables were put under
the "Durables" category; Miscellaneous Non-Durables and
Clothing were placed under "non-Durable Commodities;" Sea-
food was put under that listing; and finally, the difference
between the coefficient for Seafood and that for Food was
put in the Food grouping. Accordingly, the initial estimates
were: Services, .6463; Durables, .1303; Non-Durables, .135;
Food (excepting Seafood) .08869; Seafood .00031. The latter
estimate was obtained from Rauniker and Purcell (28), and
the difference between Rauniker and Purcell's estimate and -
Powell's figure for food was used as the initial expenditure
coefficient for food. There naturally were some commodities
" which were not exactly matched, e.g. alcohol was estimated
in the food category but 1ncluded here in the non-durable
~ commodity classification.  Problems also arise because of
the obvious overlap between the '"service'" and "non-durable"
groups. Nonetheless, because the converged value of all of
the parameters was "unique'" an exact cowrespondence of
initial expenditure coefficients between commodities does
not constitute a major problem.




Analysis

X
Durbin- .
t ratio t ratio Watson
Commodity b value ¢ value for b for c - 1 statisvic

e e g e =

1.. Seafood .002022 ~-.067010 1.5933 -1.22u2 1.u02 ¥

2.°All Other - e
Food .08202) -.287165  7.6307 - .622% : 1.118

3. All Other
Non-durable / =
Commoqities~288561 -3,17945 17.2800 =u.u360 .991 1..666

Durable - .n
Commoditiesz-27510” -4,0u716 £.7782 -3.0088 .957 1.7%1

Services .3522€2 7.58079 - 13.5777 6.8074 .29%

Total 1 Total 0
7,-—- .
Following Powell, we define R2y and R2v respectively as:

(1.1)' R?% 1- fe;,?,
t L 9
tly)”

2 .9 :
(1.2)' R°v 1l -Ieiyy
: ‘ t 0 E(vig-M?
t

*Insignificant at the .05 level, i.e. accept null hypothesis
of no autocorrelation. .

**Significant at the .05 level, i.e. reject null hypothesis
of no positive autocorrelation.




; Appendix B). However, once reached a value of 1,030.0, it

fluctuated between -1,030.0 and 1,031.0. Sihce‘fhe'set of
regréssion coefficiehts.(bi) and (ci) were nét sensitive to
“the fluctuations betweep these two values, one of the more
frequgntly'occurring values, 1,030.3 was selected aslfhe
"convergéaﬁ value of y . Another important characteristic
of the cémputational process was the apparent insenéitivity
‘of the“finél parameters to the initial set of expenditure
coefficients'utilized. In other words, the final value of

? always converged to the range of 1,030.0 to 1,021.0 even
~after some of the original estimates were drastically changed.
A number-of experiments Qefe performed in which the expend-
iture coefficients with which the iterative procedure was
:Linitiated were rearranged in value, so that those commodities
“which at first had the highést value were given relatively -
low eétimates, and those commodities which at the oﬁtset
rwere very small were given large values.6 However,‘in all
cases the range of convergence was not affected..

The final estimatesvdid not differ too much from our

a priori expectations. The_ekpenditure coefficient for all
seafood showed that out of an additional $1,000 of total
spendiﬁg $2 would be spent for seafood consumption. This

~is- fairly reasonable, especially in comparison to the expend-

‘ ip running these experiments, the constraint that

L p.z1l, was, of course, maintained.
=10t :




ture coefficient for all other food (.082). However, the
seafood experiditure parameter was insignificantly different
from zero af the .05 level 6f significance. In addition,
the explanatory power of thé independent variables was very

2 . _
low -- R’y was only 0.19. Nonetheless, while these esti-
mates were reasonable in the sense that ingome is not an
importaht factor relative to other commodities in the ex-
planation of aggregate fish conéumption, thé‘results are
meaningful for a number of reasons. First, the implied in-
come elasticity, evaluated at méan'expenditures;~is given .
by . .

(3.7) E' = b.
1 1

where E. is the income elasticity. For seafood, this esti-
l .

mate is equal to .29, which is comparable to estimates used
by others.718econd, the t value for the expenditure parameter
was significant at the .10 level and the computed value of

t was fairly cl&se to the critical t ratio for the .05

level.

7 - :

See FAO World Indicative Plan for Agricultural Develop-
ment, chapter 1, p. 10. The estimate for the income
elasticity for North America used there is equal to .20.

There was not a high' degree of autocorrelation, so
that the t ratio was not overestimated for that reason.
The Durbin-Watson statistic was approximately equal to 1.4l
which for 16 observations falls into the rejection region.
On the other hand, multicollinearity -- which is clearly
high in this instance -- can cause t ratios to be under-
estimated. However, while the simple correlation coefficient

between u, and t was equal to .95, the important question




'In addition, it is possible that while aggregate fish expend-
itures are not sensitive to income certain individual com-
- ponents are. This will be more closely examined in the

next chapter. Third, a low R%y in this context is not at

all devoid 6f‘significance; that is, given the high Rzy'for

all of the other equations in the system, and becausé of

the adding-up qonstraints, a high degree'of‘e2p1anation for
n—l’equationé ensures a high degree of'explanation fbr n
equations. It follows, fhen, that the use of a single
equation within the_frameﬁork of a system of equations for
forecasting purposes is, in this particular instance, quite
reasonable. Thus, given a reliable forecast for u, - which,
in effgct, requifes a reliable estimate of mt 2 fairlyb
good estimate of ' for a given year t can be obtained.

Fourth, the explanatory power of all of the equations in-

really is, "What is the net impact of multicollinearity in

in the n-1 equations?" In other words, if the introduction

of time into the equations has not affected t+he sum of the
“expenditure parameters from the four other equations, then

the net effect upon the seafood function would be negligible.
Since seafood is such a small proportion of total expenditures,
it appears rather plausible that -- if anything -- the relation
between the four other expenditure coefficients was upset,

but not their total. Furthermore, for all of the other
equations, the t ratio for the b; is significant even after
time is introduced. Thus, multicollinearity is not a

factor for n-1 equations, and therefore is not of further
import for the seafood equation. Even if it were, the net
effect would be an increase in the t ratio of b.. Thus,

from the point of view of either significance or absolute
magnitude, the effect of multicollinearity may be in-
consequential. .




s

increases when the goodness of fit is measured by R . This
. v

is most pronounced for the aggregate fish commodity group-

. 2 2
ing; whereas R’y was only 0.19, R was 0.89. In other
. : v

words, the goodness of fit 1is approximately three and one-

half times better with respect to expenditures than in re-

lation to the variable y  -- and it is the former which is
. i- ' . P

~of primary concern within a forecasting context.

In summary, then, it is clear that while most of the

time series results were not surprising, they were in many

respects meaningful, especially in a forecasting framework.




CHAPTER IV

THEVCROSSeSECTIONAL STUDY AND THE fORMULATION

OF THE PRICE DERIVATIVES

The next stage of the estimation process involves the
use of cfoss—sectionai results which, when combined with the
major parameters derived in éhapter three, will enable us to
identify all of the own and cross price partial derivétives
‘with respect to n species of marine resources. More specifi~
cally, When‘we combine a given set of reliable 'independent!'
information taken from the cross-sectional study with the
time series éstimafed parameters, i -- the marginal untility
?Of income,1 BF -- the control total of the expenditure co-
efficient for all seéfood, and Ef, the mean price index for
seafood for the 1952-67 period, we will have a basis upon
which to obtain all of the price derivatives. Section two
describes the method employéd to derive the independent in-
.fOrmafiQn, i.e., general specification of the equations that
wefe‘run>uSing the.cross—sectional data, which variables were

'included, etc.; section three discusses the sample data; part

four presents the general results; section five goes into a

1l
It 1is 1mportant to note that the parameter actually
estlmated in the time series- ana]yQ1s was -(x/3A). However,

when. 22

is set equal to -1, the estlmate becomzs equal to
X %he marginal utility of income. The importance of this

assumptlon is fully explained in Appendix D.




detailed formulation of the price derivatives  consistent

within a general equilibrium framework; and, finally, part
six discusses some of the basic conclusions of this chapter.

2. Methodology

The methodology for the cross-—sectional study parallels
thé form of the time series analysis in the sense that a
series of linear expenditure equations were’ run, by species,
across households (groups of Householdsj across regions.
The general form of the equations was,

(+.1) .. =T . L, MW :
i1 TLfesaPag t Tolx,
J=4Ld ] j:lj :]1

where,
. = 0
(4.2) a,. = RS 5. 6ij_ e
:] l'a"l;.— ] 1 "13 l—j
'J . . .th
Vil is equal to per capita expenditure for the i species by

th
the 1 household (or group), le

or socio-economic variables such as race, religion, etc., ovr

relates to family size

to~regiona} variables, and bi is the income coefficient.

The price variable needs some clarification. Because
the price variable for the time series study was a price in-
déx, the pfice specification for the croséésectional study
will be in the form of a relafive,price. That is; the rele-
vant species pfice variéble‘will appear in index form as the
price paid by household 1 relative to the national avefage

-price for the papticular species computed from the sample




défa.Q In addition, certain adjustments have been made in
order to account for.household consumption away from home.
Several types of equations'using:the’specification given
in (4.1) were fitted and the 'best' were selected. Several
criteria for selection héd to be used. For example,
eqdétions on a Eicro—household'level were run for each
species as wel] as on a grouped data (aggregated by level of
income) basis. A comblnatlon of factors in addition to good-
ness of fit were used as criteria for selection: statist-
ical significance af individual parameters, relative éon—
sistency with other: studies, etc. In general, the socio-

- | o
economic variables included were (1) family size, (2) two

5 .
dummy variables for relition (Jewish and Catholic), (3) one

2Another added benefit -- although of minor importance --
of using prices in ratio form is that the effects of heterosce-
dasticity are minimized. This is usually a problem in cross-
sectional work.

3The only observation that we had with respect to con-
sumption of seafood away from home was number of meals away
from home. In order to account for this factor, we made two
basic adjustments. First, we used conversion factors to
convert from number of meals to product weight (conversion
factors were taken from Agriculture Handbook No. 284L).
Secondly, on the assumptlon that relative prices for seafood
consumed at home were a good proxy for relative prlces -of
seafood consumed away from home, we used those prices and
derived an expenditure estimate for seafood consumed in
restaurants, etc. While this perhaps gave an underestimate
of actual expenditures away from home for seafood, it pro-
vided one way of abqtractlng from this factor in a way that
.would not bias the income parameter.

L . .
For grouped data, this variable was defined as "group

SFor grouped data, a continuous variable defined as
- number of Jewish, number of Catholic, in a given group was used.




o 6
dummy variable for race. These, along with income and price

variables for all spécies were prespecified fof all équations.
Regional dummy variables were added in some cases in order

to cépture the impact.of differences sn taste among regions.
We would expect that for those species which are not marketed
nationally regional variables would be significant. The
latter, therefore, would not only measure differenceé in
taste, but, in addition, would measure the impact of the

lack of low cost channels of distribution. We are not
interested in this factor per se, but only in the context

of obtaining more significant estimates of the economic
variables, especially with respect to the ?rices of other
species and income.

‘The species that were statistically fitted are not ex-
haustive,iin the sense that they do not comprise 100% of sea-
food éxpenditures. However,'since only some minor catagoriés
were omitted, this does not constitute‘; major shortcoming.
There are eight major species in this stﬁdy: (1) Shrimp,b
(2)aCrabs, (3) Lobsters, (4) Tuna, (5) Salmoﬁ, (6) Ground-
fish, (7) Scallops, (8) Oysters~Clams? Tﬁis means that there
will be a total of 8x8=6l4 price derivatives.»-ln the cross-

sectional study, we will select all of the implied own price

6ror grouped data, a continuous variable defined as
number of Negroes in a given group was used.

Which of these species falls into the constrained
category and which into the unconstrained category will be -
discussed in chapter five. -




dérivatives;'éhd'((nxn—n)/?)—ﬁ) or 20A6f the most significant
(adeordihg to 't values)-cfoss partials. We will conclude
with a simplifiéd test of thé price derivatives to see if
.they cén explain some -of the quantity movements in the past,
-given the past behavior of price changes.
3. Data

The cross-sectional survey was conducted in 1969 by the
Nétional Marine Fisheries Service across 1,500 households.
The sample households were regionally, ethnically and racially
distribﬁted sd'thaé they were fairly representative of the
characteristics of the population of the United States in
1969. Questions with respect to quantity purchased and
prices were answered every two weeks and then tabulated to
bderfve an annual per cépita expenditure, product weight,
and price.

An  important featufe of this survey is the fact that
the sample of households observed ranged over the entire
couhtry, so thaf large and permanent differences in price
for a giQen»épeéies and between species could be obtained.

Thus, the measurement of long-run income parameters and

price parameters is a possible outcome in the regression

equations. Additionally, this survey does not suffer from
the shortcomings found in other cross-sectional studies
in which households are interviewed in one area only.

-

: 8An example of this may be found in the work of Raunikenr
‘and Purcell, in which time series and cross-sectional data




4. Results
The results of the equations that were run are summarized
in Tables 4.1 to 4.8. For the most part, household level

regressions werc used. The grouped data -- comprised of

nine different income classes for each of the nine regions o
. 2 R o ' .
gave higher R (as would be expected), but did not contain

as many significant parameters. Only for scallops and oysters/
élams were the aggregated reSults used.

In some instances, regioﬁal variables were included,

the main criterion as to whether any regicnal variable
was included for aigiVen species was Based upon an increase
in R2 adjusted for degrees of freedom, without a concomitant
decline in tﬁe significance of the economic variables.

Our discussion of the regression results will be sub-
‘divided into two parts. First, we will include a brief
summary of the impact of the non-economic variables: the
majorvsocio~economi¢ parameters, in particular, the results
concerning family size (group size where appropriate),

race and religion; and a brief presentation of the importance

are pooled. See, Analysis of Demand for Fish and Shellfish,
J.C. Purcell and Robert Rauniker, Research Bulletin 51,
University of Georgia, College of Agrlculture Experlment
- Station.

IThis procedure was used for the following reason.

Since the purpose of the cross-sectional estimates was to
derive long-run structural parameters rather than good pre-
dicting equations per se, an increase in R? alone would not
have been adequate. On the other hand, regional var:ables,
in many 1nsiances, are really a proxy for specific price
conditions in a particular area, and not an 1ndlcator of -
different tastes. :




REGRESSION RESULTS FROM CROSS-SECTIONAL STUDY

Teble 4,1  Shrimp | ' £ Taple 4.2 Crabs® .
Variéblés Regression ’ T Ratio : Variables Regression T Ratio
Constant ‘ - .15422808 . - Constent - 2.5973228
Family Size . - .38971170 - - 1.996 . PFemily Size .5;076755
Jewish .39735955 .2346 . Jewish . o 29550586

Catholic _ .2009603k .3430 L. Catholic : © T 16485509

Negro | | .9k626209 8803 . Negro 1.0l59726

Income - .57201015x10"3 5.337 6. Income .15292862x10"3
Price of Shrimp .36276636 7522 . Price o Shrimp 1.3957403
Price of 0§sters/Ciams © k3202507 . : .69l . Price of Oysters/Clgms 2.4533307
Price of Tuna ' - 1.2927260 - ©1.133 . of Tuna .233342h
Price‘of Lobstgrs .A9173035 . .9758 of Lobsters : .797327;5

. Price of Crabs . < .307293hk - .5468 . of Crebs - -37532200

. Price of Groundfish - ‘.3h823279 - .T025 . of Groundfish . 90026434
Price of Scallops 1.8690439 1.612 13, of Scallops o 1.h91h521‘

. Price of Salmon a - 1.97285k2 ' - 2,047 . of Salmon 1.8757360

R%=.2105 - 72-.2896
F(13,131)= ' F(13,131)= -
5.229 . 108 -
269 observa- . : ] 145 cbserva-
tions . ) tions
*Household | ' , . *Household
Tevel : ' Level




REGRESSION RESULTS FROM CROSS-SECTIONAL STUDY

Table 4.3 Lobsters” | . Table k4. b Tuna
Variables Regreésion . Ratio Varisbles Regression ' T Retio
1. Constant ' 1.056137h . Constant 2.1551k27
Femily Size 2.3567350 , Family Size : .53630125 - 2.181
Jewish 12.49k558 L Jewish L.7877022 3.23%
Catholic . 2.6911149 , Catholic . 1.2869883 1.563
Negro 1.07kh252 . Negro A . 3242350 4 L7351
Income , .99&3&587x10-3 o . Income .5206527x1073 .087
Price of Shrimp . 10.333537 . Price of Shrimp .29%05419 - .
Price of Oysters/Clé;s 3.5462620 . Price of Oysters/Clams
Price of Tune 8.4653988 . Price of Tuna 4256136
Price of Lobsters 1.4358317 T, . Price of Lobsters . - 2.2623598
. Price of Crebs - 4.0015255 : 'Price of Crabs 1.2179128
. Price of Groundfish | 7.2728524 . Price of Groundfish 65698295
Price of Scallops ‘ 3.390ﬁh72 ‘ ' Price of Scéllops 2.61180L3

. Price of Salmon 2.3470L48 - . - 14, Price of Salmon 1.3856402

. Region 1 (New England) 11.783367 . Region 3 (2. North Central) 2.7532983

%= .2655 B2 - L1kl

F(14,88) = 2.2712 : F(1%,553) =
103 observa- 5.102
ticns . 568 ooserve-
*Household sions
level ‘ ' ' *Household
’ Tevel




- RECRESSION RESULTS FROM CROSS-SECTICNAL STUDY

Table L.5 , ‘ Table 4.6 - Groundfish

Varisbles _.Regression’ . T Ratio : j_ Variables Regression
Constant , ’ 3.5728217 Constant ' 3.5728217

Femily éize . : 1.30312L4 ' 7.116 ' Femily Size - 87508520

Jewish 1.6826125 1.501 Jewish - b.4276207
Catholic , 84853194 : Catholic 89307483
Yegro 1.6436091 1 Negro ' ‘ .85757961

. - g -l
Income : - = .3536954%5x10 3 _ Income .5822618¢10 *
2

Shrimp ' .9k 772349 9 . Price of Shrimp .20798203x10”
Oys*ers/Clams . 1.4 , ice of Oysters/Clams 1.1366709
" . Tuna 2 08k ice of Tuna
Lobsters : d i cf Lobsters
Crabs. Crabs
®rice of Groundfish .083418719 Price Groundfish
Price of Scallops » 2.6179570 . Price of Scallcps
Price of Salmon - 1.9080569 ' - Price of Salmon
. Region 6 (E. South Central) L. 3450070
R°= L1618
F(1h,649)=
9.1k7
664 observa- 700 observa-.
tions . : tions

. ¥Household . : *Uousenold
Level Level




REGRESSION RESULS STRY

* - \ *
Table 4.7 Scallops Pabie 4.8 Oysters/Clams

Variebles Regression ati ardahlaes Regrescion
-
Constant .75990320x10" Constant . - 62186598

2 N . -2
Pamily Size L16764543%107F

Family Size . .10408690x10~
Jewish .556735h6x10_2 L2961 . Jewisl 011205073
Catholic . .2&893807x10'2 RIYal
Negro . .010530820 7003
TIncome .22100&29x10"u . i Income .l9h01‘49’~!9.\:10"2+
Price of Shrimp 24718550 .8 . Price Shrimp L2273l
Price of Oysters/Clams .14102k26 . 587 3. Oysters/Clams .082Lk590L8
Price of Tuna .00205951. 1.2 . ice 0f Tuna 1.9310963
Price ‘of Lobsters .064512793 Lokl . Pric .10145901
Price of Crebs . 31757226 . . Price of Crebs .221ko882

. Price Groundfish .25461606 ' .82 . Groundfish 22328715

. Price Scallops .31067389 1. . Pri Scellops . 1489086
Price of Salmon . - .23483592 ' .9983 Salmon .30010058
Region 1 (New Englend) 57676508 2.663 (E. North Central) .52994178
Region 3 (E. North Central) .09243342k ' Lol é (W. North Central) .140008992
Regibn L (W. North Central) .35238189 1.697 ‘ (E. South Central) 1.1130824
Region 5 (South Atlantic) .1kbo1sk , .6309
Region 6 (E. South Central) ,33&15667 v 1.378
Region 7 (W. South Central) - ,20323267 L7543
Region 8 (Mountain) k2891991 1.869 -

R2=.5200 Lo R°-.4436
ASple] N . e

59 observations . *Group Data

- %Group Data -’




of the regional variables. The second part will consist of
a detailed discussion of the economic variables, i.e., the
-income coefficients and the own and cross price derivatives.

A -Socio-economic Variables

In practically all cases, the effect of family size
upoﬁ per capita ex?enditures of individual species was nega-
.tive énd significahtly different from zero at the five per-
cent level. There are two possible exblanétions for the
consistency‘of these results. 4First, there would tend to
be certain types of "economies of scale" when larger pur-
chases are involved. Secondly, and»perhapé mbst'importantly,
larger hbuseholds tend té have.a'yoﬁngér average age, and
~this characteristic would tend to be inversely correlated
with per capita consumptioh of seafood. This is underscored
by the finding that the only species for which 'size' was
" not a significant variable were Clams/Oysters aﬁd Scallops.
For these two species, the aggregate equations were selected.
Thq;, the 'family size'AQariable was only related to the
number of people in each income group fpr a givén regions
‘average age was not inversely correlated with the size of
the group as it was to family'size on-a household level.
'Therefpre, the age distribution.effect iS‘lOSt in these

instances.

The variables measuring the impact of religion present

results which are almost uniform: with but two exceptions,

religion does not appear to be a significant explanatory




variable in the consumption of sea‘lfood.l0 The two species
for thch religious affiliation was important are Ground-
fish and Tuna. For Groundfiéh, for example, the per capita
annual consumption fof a Catholic household was higher by
89 cents. For Tuna, the coefficinet on Jewish religious
affiliation was positive andvsignificant. The species for
which the impact of regional differences in Qonsumption
were significant consisted of (1) Lobstcrsﬂ (2) Oysters/
Clams , (3) Scallops. However, for the most part, the
importance of regional 'taste' conformed to expectations

in the sense that the threé species listed above have pro-
nounced regional patterns of consumption. The species with
a fairly largeinational market,-e.g., Shrimp, Tuna, etc.

did not exhibit strong regional tendencies.

B. Economic Variables
The results with respec{ to the economic vépiables are
mixed. The income coefficients for several of the shell-
fish categories'were positive and significant at the five
percent level. This group includes the income parameters
on Crabs, Lobsters, and Shrimp. Only one §f the finfish.
categories was positive and significant, and thét was Tuna.

Salmon, on the other hand, had a negative sign and was also

significant, while Groundfish, Oysters/Clams, and Scallops

10

This is consitent with the findings of F.W. Bell in

"The Pope and the Price of Fish," American Economic Review,
58: 1346-1350.
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~were positive but'nonsignificant. Thus, 01 the elght

' spe01es income parameters, four were elgnlflcantly dlfferent
from .zero and p031t1ve, one was negative and 81gn1n1eant

and three were positive but 1ns¢gn1flcantly dlfferent from
zegof._leen these flndlngs? it is not at all surprising
that, in attempting'to meaeure the importance of-inoome.on
the maﬁginal consumption of gll éeafood, we. found only a

v marginally.significant parameter in‘chapter 3.12 The point
_is_that for certain components, or types of seafood, income --
or aggregate expenditureé -- is a fairly powerful explanatory
variable, even though it is relatively unimportant for all
.eeafood expenditores. One of the interesting features ofv
tﬁé income coefficients is that the sum of the species
parametere is not very far'from_the control total for all:

seafood: whereas the time series expenditures parameter is

These results are, with the exception of Groundfish,

' generally consistent with the time series results. See

The Future of the World's Fishery Resources . . . by

F.W. Bell, D.A. Nash, E.W. Carlson, F.V. Waugh, Richard
Klnoshlta, and- Rlchard F. Fullenbaum (in manuscrlpt form).

A possible explanation for the difference in Groundfish be-
tween cross-section and time series estimates may lie -in the
-fact that the time series results are plcklng up exogenous
trends correlated w1th increases in per capita income. Thus,
“the "true' 'long-run' income estimate may be insignificantly
different from zero. : :

: Some studles have shown a hlgher income elasticity for

" Shellfish than for all seafood. This is consistent with our

results. For example, the income elasticity for all seafood'

is equal-to .292, while the income elastlclty for Crabs is

~.equal to ..54l, and the 1ncome elastlclty for Lobster is
equal toal.BH. RS e _ _ .




equal to .002032, the sum of the cross-—-sectional income

cocefficients is eqﬁql to .00197595. In one sense, this

makes the method of constraining these parameters to the
time_seriés'seafood expenditure coefficient a-relativelyv
insignificant matter. There is no a priori reasoh why this
: 5 s
necessarily would have been the casej; but, given that our
results from the cross-sectional equations came reasonably
vclose to the control total, the method of constraining the
individual income coefficients discussed in chapter two is
unconsequential compared to some other method. In other
words, the cross-sectional parameters will not be changed
substantially if some other method of distributing or con-
straining individual species coefficients is uéed.

Our discussion of the price parameters may be sub-
divided between tlhe own price expenditure derivatives and
the éross pPrice expe ndltun partials. In six outl of eight
cases, aii was greater than zero. Given the noceoQary con--
dlilon that ?Xl <0, this implies a price elasticity less

.ap . . :
than one. However, for these six coefficients, only three
were significantly different from zero: Groundfish, Crabs,
and Salmon. Two species had negative coefficients, implying

a price elasticity greater than.-one: Lobsters and Salmon.

: 13The difference between the control total and the sum
of the cross-sectional income coefficients would be greater
if such inferior seafood commodities such as sardines were
included. With their inclusion the major difference would
then be accounted for by the fact that the control total
was a parameter on total spending, while the cross- sectlonal
estlmates were parameters on total income.




- However, only Salmon had a significant éoefficient (at the
10 percent level). The number of species which display
price ineiasticity is not inconsistent with somé of the
time series findings.lu

The estimates of the 'unrestricted' cross partial

expenditure derivatives in a few cases gave some surprisingly

significant results. However, while several of the parameters

were insignificant at the five percent‘levei, a sufficient
number were significant at least at the ten to fifteen per-
éent level so that‘the required number of 'reliable' independ-
ent estimates could be obtained within the context of the
'restricted’ procédure. The reason that we have extended

the level of significance is that for cross partial estimates

among such disaggregated commodity grouping power is more

important than significance. Altogether, there were thirty-
one cross partial estimates which were significantly different
frpm zero at the .15 level, twenty-three at the .10 level?
and fifteen at ihe .05 level. |

Several of the estimates were unexpectedly negative.
Ambng the significant shellfish parameters, the cross
.partial betweén Crébs (quantity) and Shrimp (price),
Lobster (quantity) and Shrimp (price, aﬁd Lobster (quantity)

and Crabs (price) all fall into this category. On the other

14 .
For example, see the study by Suttor (35)
and Waugh (41). '




hand, the cross partial between Salmoﬁ and Tuna was positive

S . . . 15
and fulfilled our a priori expectations. There were other
species for which little past empirical evidence would give
us any reason for suspecting substitutability or com- |
plementarity. The only reason for expecting the former is
because of the disaggregated nature of the products. For
example, the_Shrimp~Tuna cross partial-was positive and
signific;nt at the .15 level,'the Groundfish~Oysters/Clams
price coefficient was positive and significant at the .05
level, while on the othef hand thé Salmon-Crab cross partial
was negative and significant at the .05 level.

In summary, the unrestricted estimates displayed a sur-
prising degree of complementarity and not the substitutability
we expected. However, several of the negative parameters
are consistent with time serieslresults, both for seafood

16
products and for price effects between other food products.

It should be remembered that these are "gross'" cross partials,

15In some preliminary time series studies, the cross
elasticity between Tuna (quantity) and Salmon was found to be
positive and significantly diffevent from zero for the 1930-
1950 period. However, for later years (1950-1965) the same
estimate was found to be positive but insignificantly
different from zero. This conforms to our results in the
sense that while the cross partial between Salmon (quantity)
and Tuna (price) was positive and significant, the cross
partial between Tuna (quantity) and Salmon (price) was
positive but insignificantly different from zero ‘at the ten
percent level.

Court, in his restricted least squares routine found
a negative cross elasticity between mutton and pigmeat. At
the same time, some preliminary time series runs for Shell-
fish have also obtained negative cross elasticities; e.g.,
between Lobsters and Shrimp, etc.




és opposed to ihcome compensated coefficientsd Nonetheless,
because income éffects in these instances‘are negligible,

it follows that, in general, the gross partial derivatives
will reflect the éign of the inéome compensated parametefs.

5. Formulation of the Price Derivatives in ‘a General
. Equilibrium Framework

In.this.section we shall implement the method outlined
in chapter two for obtaining all of the price derivatives
consistent within a utility—maximization framework. Table

4.9 presents the twenty cross partialAestimates which were
seleéted for our general equilibrium analysis. The general
criterion for selection was based upon the t ratios of the

- parameters. Of the twenty estimates, seventeen were picked

: . . . 17
from the group which had the highest t ratios. . When a..
. 1]

and aji were both significant for a given 1 and j, the more

significant parameter was generally chosen.18

Givenlthe set. of eight a,., twenty aij’ and eight in-

come coefficients b;, the following procedure was used.

17 . L e . . s

, The reason for- inclusion of some non-significant 4
estimates is related to deriving all of the elements of F
and not incurring singularity in the p matrix. ?his is
explained in detail in a later part of this sectilon.

b

18An excéption to this was the cross partial between“
Groundfish and Lobsters Both alj_and aii were significant at
el, but o DOSlte signs. Ve picked the positlve
1§?8ss08a%%¥a1 even tﬁough it has a slightly lower t ratio
. because a substitute relatlonshlp made more sense, eSDe01ally
31nce the t ratios were §o close in- absolute value.




First, the eight income coefficients were constrained such
that their téfal was equal to .002032; The difference be--
tween the restricted and unrestricted income parameters is
negligible, as can be seen from Table (4.10).

Table 4.9 |

Sclected Cross Partial Estimates

Cross Partials (Pricesof Species J)

1. Shrimp Tuna, Salmon, Groundfish, Scallops

2. Crabs ' Groundfish, Scallops, Oysters/Clams

3. Lobsters 7 Shrimp,‘Groundfish, Oysfers/ClamS,
Tuna Crabs, Scallops
Salmon Crabs, Lobsters, Scallcops, Oysters/Clams
Groundfish Tuna, Oysters/Clams X i
Scallops Lobsters

Oysters/Clams Tuna

Table 4.10

Unrestricted Income Restricted Income
Parameters Parameters

.72010105 x 10"
.5292862 x 107H
.9u434587 x 107
.2084527 x 107,
.53695L5 x 107 ',
.82266183 x 107°-

.21004 x 107°

.88231 x 1074
.57265 x 107%
.02254 x 1073
.3541 x 10~3
.63725 x 10~
.95942 % 1079
.27271 x 107

9404959 x 107° .99552 x 1072

Shrimp
Crabs
Lobsters
Tuna
Salmon’
Groundfish
Scallops
Oysters/
Clams

1
N FwomwoHE=EO,
|

N Fwo=RH O

|
=

All of the restricted income coefficients were deflated

by the time series mean price index,,ﬁf} which is equal to
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- 1.02412. Then,_letting the ratio of a given species mean per
. . - - , . .th
capita expenditures to Dy equal xj, the quantity of the i
species consumed, we can derive 9%i  and axi in the

. 9P P
following way: J 0P3

(4. 4)

In this way, we can translate twenty-eight own and cross

partial expenditure derivatives into twenty-eight own and

cross partial Egigé derivatives.

| The next step involves taking‘advantége of the symmetry
aséﬁmptions with respect to substitution effects in order to
derive an additional twenty cross partial derivatives. That
is, for the known cross partials we have,

1 -
(4.5) BXi . Xj i
op.

PJ .

which is equal to the substitution effect. Because of symmetry,
we -have,

(4.6) 55
P5

Thus, we can obtain an additional twenty elements, expanding
the number of known elements from twenty-eight to forty-
eight.

Given that we have a matrix of substitution effects con-

taining forty-eight elements, we may take our time series

~

estimate y , equal to 1,030.3, and divide that estimate into




all of the known elements. This gives us the appropriate

elements of,

. gty prlp p el
P

. ool ’
Given that -F pg, is equal to the vector of restricted in-

come parameters (column 2 in Table 4.10), we may form “the

. -1 -1 .
matrix F prF'F by performing the following operation,

-1 .-
(4.8) (-F PF) ( —-F—]-P,,)' = F _IP P 1}""1
. E FF

By performing the operation indicated on the left hand side
of (4.8) we will obtain all of the elements on the right
hand side of (4.8). Then, by subtracting the elements of

(4.8) for which substitution effects are known, we derive
. -1
forty-eight elements of the matrix F ~. Thus, there are

-1
sixteen unknown elements of F | of which we have only to

solve'for'eight because of s?mmetry. Theoretically, we
could arrive ét the missing élement§ of'f—l by rearranging
-F P > SO that.there would be eight eqdations in eighf
unkndins. |

However, there are some complications. Because of the

relatively large order of I it was possible- to encounter
the problem of singularity. That is, denoting the 8%l vector

of unknown elements of T as 2", we may sclve for that

vector by first summing over individual products of the known
-1 . ‘ . .

elements of T and prices, so that, for a given income

coefficient, hi’ we can derive another element, h ', by

i
addition, i.e.,
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where ?ij ig the i,:jth known element of F—l, and thefe are, .
by assumption, jx known elements in any given row. Then, it
follows that an entire vector of known elements of the type
depicted in (4.9), Hi can be formed. The unknown elements
of F'1 can be tied together through a matrix p, of order
8x8, which has elements equai to iF (the time series mean)

or zero.

Thus,

(4.10) H.!
. l
(4.11) VAL

If p is singular, we cannot solve for Z",6 A sufficient con-
dition for the nonsingularity of p in this instance is that

. . . 3%, X
for any two of the missing cross-partials, say, ; 1 and °

)

: . . S 9Pm
i#L, and j#M. A necessary condition for the non-singularity
of p is that either i#L or j#M. It was precisely this con-
sideration that prompted the inclusion of three relatively

: insignificant parameters for the set of independently known
cross partials. In addition, it was necessary to make certain
elements endogenous, or derived, even though they were fairly

significant and would normally have been chosen as the exogenous

elements.

Given that § is equal to l.024l3, the matrix p and the

;vegtor‘Hi', are given as,




1.02413 0 0 0
0 1.02413 0 ' 0
1.02413 0 1.02413 0
0 1.02413 0 1.02413
0 1.02413 0

=
-
w

0 02413
0 0 0 1.02413 :
0 0 0 0
0 0 0 0

T
OO0 ODOOO0O

2413

NOODODOONO

,_
[en)
g
w

1.02u13%
S0 i

1.02413

1.02413

~.0110465
-7.35699x%10™ " §
~.00220943
.003264072 i
. _.00261959 i
.0073368% |

.00605266
.003872057 }

After solving for Z", and multiplying by -1, we can

. -1 CL .
find all of the elements of F . After addition of
-1 -1 A
F prF‘F , and multiplication by A, the entire substitution
-1

. . . ~_ -1 -1
matrix may be obtained, i.e., ) LF +F prF'F 1. The matrix

9For example, the cross partial between the quantity
of Salmon and the price of Tuna was positive and significant
‘at the .05 level. However, this was eliminated .as a known
element in order to solve for the missing elements of i,
However, this type of phenomenon was minimized. It should
also be noted that after being "solved' the sign of this
cross partial was still positive. B




of substitution effects and the métrix of own and cross

partial derivatives =-- inclusive of income effects -- are
presented in Tables 4.11 and 4.12 respectively. Table
Au.l3A shows the'price elasticities consistent with these

restricted.estimates, for the bundle ;i and for the time

series price index ﬁf. In addition, supplemental Table L.13B

pPresents some bossible explanationsifor some of the ques-
tionable estimates-QO In‘termé of the missing elements, the
following qualitative results -- in terms of sign -- were
obtained:

Quantity Price
Crabs Lobsters Tuna Salmon
‘Shrimp - '
Crabs +
~-Lobsters '
“Tuna

Quantity Price
Groundfish Scallops o/C Shrimp
Salmon -
Groundfish +
Scallops
Oysters/ , ,
Clams - . +

Another set of estimates which may be derived from
the restricted parameters is the elasticity of substitution

. between commodities. The latter is defined as,

20
We would not expect all of the estimates to be com-

pletely reasonable, especially when there are so many para-
meters involved. However, the useful aspect of this frame-
‘work is that if better estimates for the initial set of
twenty cross partial derivatives are obtained, another set
of derived parameters can be computed, and a comparison can
be made.




Quantity
of
Species 1

Shrimp

. Crabs
Lobsters
Tuna
Salmon

Ground-
fish

Scallops

Oysters/
Clams

Shrimp
- 2.42817

-13.1687

" -10.0872

1.26434

- 1.92511

- .338833

1.82519

5.24731

-13.1687

- .138761
1.09809

- 1.188?5

- 2.53176

.879372

1.45636

2.39562

Table 4.11

MATRIX OF SUBSTITUTION EFFECTS

Price of Species j

Lobsters Tuna Salmon

-10.0872 1.26434 1.92511

1.09809 -1.18895 .53176

- 2.28779 12.143 1.48086

12.143 -2.13379

- 1.48086 1.12462

7.10357 .331929 -15.4262

.0631106 2.55043 ~2.55616

3.46332 1.93449

Ground-
fish

- .338838
.879372

7.10357

.331929

-15.4262

S

- 1.75351

.51056

\j
1.10992

Scallops
1.82519
1.45636

.0631106
2.55043

2.55616

1.51056

- .617979

-11.8038

Oysters/
Clams

.24731.
.39562
46332
.S3449

.37634

.10992

-11.8038

- .520134




) Qﬁantity
"~ of

Species i -

Shrimp
Lobsters
Salmon

Ground-
fish .,

Scallops

Oysters/
Clams

Shrimp
-2.4298

-13.1691

.=10.0901

1.26285

-1.9241

-.338971

1.82513

5.24726

Crabs

-13.16¢°

. -.13884

1.09757

. =1.18922

-2.53158

.879347

1.45635

2.39561

" Table 4.12

MATRIX OF PRICE DERIVATIVES

Price of Species j

Lobsters

-10.0877

1.09795

- =2.28869

12,1425

-1.48053

7.10353

.0630904

Tuna
1.26227

-1.1895

12.1394
-2.13568

1.1259

.331754

2.55035

1.93442

Salmon

©=1.92637

-2.5321
-1.48304
1.12347

-.272588

-15.4263

2.55611

1.3763

Ground-
fish

-.340028

.879053

7.10149
.330842

-15.4254

-1.75361

1.51052

1.10988

Scallops -

1.82501

1.45631
.0627888

2.55027

2.55627

1.51055

-.617987

-11.8038

Oysters/
Clams

5.24696
12.39553
3.46271
1.93417

1.37656

1.10989

-11.8038

-.520146




Quantity
of .
- Species. 1

Shrimp
Crabs
Lobsters
Tuna
Salmon

Ground-
fish

Scallops

Oysters/
Clams

*

Shrimo

-.852202

.4469

L1114

.349547

-.8797

-.162981

5.66415

8.52996

Crabs

—4.61876
~-.268283
1.20866
-.329166

-1.15744

.422801

4.51967

3.89431

Table 4.13A

MATRIX OF PRICE ELASTICITIES *

Price of Species jJ

Ground -
Lobsters Tuna Salmon fish

.442715 .67 .119258
-2.2985 » 69861

13.3681 . .82027

3.36095 -.591139 . .310967 9.15744x10_2

-.6769 .514762 .124627 -7.05251

.159511 . -.843157

7.914382 . 4.68778

5.62995 A . . 1.80422
A

Footnotes are explained in Supplemental Table 4.13B.

Scallops

.640085

2.81406

.069144

.705894

1.16873

.726291

-1.91788

-19.1883

.629364

.53364°

-36.6322

-.845551




" Supplementary Table l.13B

Notes to Table 4.13A

1This may reéflect complementarity to the extent that Crabs
and Shrimp, Lobsters and Shrimp are eaten together in one
'set', particularly with respect to consumption away from
home. These items did exhibit a very high degree of ‘away
from home consumption relative to total consumption. In
addition, complementarity among these species is consistent
with some of the time series results.

In these cases, we may have the same type of phenomenon as
was reflected in note 1. However, because there are lover
levels of per capita consumption for Lobsters and Crabs
relative to Shrimp the corresponding cross elasticity is much
more negative. '

While Lobsters are primarily eaten away from home, Tuna is
principally consumed at home. Substitutability is therefore
likely to the extent that for some food products home away -
from-home consumption compete for consumers' dollars. How-
ever, it is unlikely that there is as high a degree of sub-
stitutability as is indicated by our estimated cross elasticity.
The same is true of Lobsters and Groundfish. -

Groundfish and Salmon are.primarily consumed at home. Com-
plementarity in this case is -doubtful.

5 . o

Scallops and Oysters/Clams are eaten together, but the high
degree of complementarity indicated here is doubtful. These
are perhaps the weakest estimates.




(HAW) 4 o= K m/(R.%.)
ij ij ]

where K , is the substitution effect, ;. and x. have pre-
1] L J .

viously been defined, and m is mean per capita total spending.
Unfortunately, we have no obscrvations on total per capita
i h IN J

spending from the crossrsectional study, and so the time

series estimate of mean per capita aggregate expenditures

was used. Given that estimates from both the time series
and cross sectional studies were mixed, the application of

m from the time series will not affect results substantially.
Table Uu4.1l4 presents the partial cross elasticities of
substitution.

6. Conclusions

In summary, we have, subject to certain constraints,
selected the best estimates available for the cross partial
deri&ativeszbetween differént species of seafood. We have
derived all of the other cross partial‘d?rivatives by assuming
(1) a continuously differentiable utility function, (2)
additivity in the utility function between-éeafood and all
other commodities (including the commodity "all other food"),
%% = -1. The latter is not inconsistent

with the uniqueness of the utility function up to a positive

and (3)'that the

monotonic transformation. In the process, we have solved-
" for a "linearized" substitution matrix, and an elasticity of

substitution matrix}
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Table 4.14

MATRIX OF ELASTICITIES OF SUBSTITUTION

J

Quantity . : .
.of : Ground- Oysters/
Species i Shrimp - Crabs Lobsters . Tuna Salmon - fish Scallops ) Clams

Shrimp ‘ -545.534 -16300.2 -7115.63 224,175 -563.81 -104.359 3628.44 1 5464.14

Crabs -16300.2 - -946.29 4267.64 -1161.43 -4085.14 1492.2 - '15951. 13743.9.

Lobsters -7115.63 " 4267.64 -5067.09 6760.05 -1361.73 6869.46 393.925 11323.4°
Tuna . 224.175 -1161.43 6760.05 -298.577 259.935 . 4001.35 ©1589.76
Salmon -563.81 ~4085.14 ‘ -1361.73 259.935 -104.365 . 6624.22 1868.3

Ground - : . ’ .
fish 4 -104.359 1492.2 6869.46 80.6812 -6193.55 -740.385 4116.73 1584 .46

Scalloés 3628.44 15951. 393.925 4001.35 6624.22 4116.73 -10870.6 -108762.

Oysters/ . ‘ ' .
Clams 5464.14 13743.9 11323.4 1868.3 1584.46 -108762. . -2510.4




Two further questions relate to (1) the relative im-
pact of a chahge in all seafpod prices upon individual
species expenditures, and (2) an attempt to use the own
and cross price partial derivatives to backcast'expenditﬁfe
changes. In order to answer both questions the linear
expenditure coefficients consistent with the price derivatives
obtained via the utility maximization proced%peemust,firsfv
be computed. These are given in feble 4.15.' |
Assume that all seafood prices are increased by ten
percent. By taking Table .15 and postmultiplying by a

vector of price changes (where all elements are eqﬁal to .1)

we get the change in per capita expenditures:

Change in Expenditures ($)

Shrimp ' -1.72

Crabs .08

Lobstere .11

7 Tuna‘ .00

Salmon 47

Groundfish .46

Scaliops .21

Oysters/Clams .39
What is important is the change in expenditures for one
species relative to another. In terms of negative changes
in per capita expenditures, Shrimp appeare to be.most'sensitive,
and Tuna would appear to be least sensitive to a general

change in prices in the seafood sector.




Table 4.15 o}

MATRIX OF LINEAR PRICE COEFFICIENTS (RESTRICTED)

Price of Species j

éxpigditures
Species i
Shrimp
Crabs
Lobsters
Tuna

Salmon
Groundfish
Scallops

Oysters/
Clams

Shrimp

.362769

- -13.4869

-10.3336

1.29332

-1.97053

-.34715

1.86917

5.37388

Crabs

-13.4863
.375322
1.12405
-1.21792
-2.59267
.900566

1.49149

2.45342

Tuna

1.29273

-1.2182

12.4323
1.42561
1.15307

.339759

6.46128%x10"2 2.61189

1.9811

Salmon

—1.97255
-2.5932
-1.51883
1.15058
1.90806
-15.7985

2.61779

1.40951

Ground-
_fish

—-.348233

.900265

7.27285 °

.338825

-15.7976

.283889

1.54697

1.13666

Scallops

Oysters/
Clans

1.86505
1.49145
6.43039x10"
2.GIiSl
2.61795
1.547

-.310674

-12.0886

2

5.37357
2.45333
3.54625
1.938084
1.40978
1.13667

-12.0286

-2
8.24592x10




The second maior question concerns the ability of the
estimates to explain past behavior of real expenditure changes
in relation to changes in relative prices. Unfortunately,

only the most general sort of approximations are available

23

AN

for individual species retail prices and retail expenditures.

For that reason, we will use the derived parameters only to

see if they predict the dhange in direction implied by the
data available. Between 1955 and 1967, thg estimated per-
centage change in real prices were as follows: Shrimp, 24%;
Crabs, -8%; Lobsters, 58%; Tuna -2u4%, Salmon, 7%; Ground-
fish, 17%; Scallops, 1%; Oysters/Clams, 24%. If Table 4.1%
is postmultiplied by this vector, and then any changes in-
duced by increases in real income are added, we can com-

pare the computed change in expenditures with changes implied
by the data to see if the change of direction in expenditures
are the same. Accordingly, Qe have,

Actual Change in ° Predicted Change in
Real Expenditure Real Expenditure

Shrimp

Crabs
Lobsters

Tuna

Salmon
Groundfish
Scallops
Oysters/Clams

21 . .
These approximations are based upon National Marine

Fisheries Service estimates of trade margins and per capita
consumption in terms of edible weight.




In five out of eight cases, our estimates predict

correctly in terms of direction of change. However, it

must be remembered that, except for the naive treatment
of time trends fof all seafood presented in chépter threé,'
and»the time trend to be employed for forecasting purposes
in chapter five, we have notl really dealt in detail with
changes in consumers' taste with respect to individual sﬁécies.
Ovef thé thirteen observation periods, it is very likely
that dynamic changes in consumers' taste were affecting
felative consumption patterns, especially for very dis-
aggregated commodities. In addition, the reliability of the
data that wasiused -~ both for measuring changes in relative
Arétail prices and for estimating changes in per capita
expenditures -- cannot be considered,unquestionéble. Judged
fin‘the light of these inherent problems, the estimated priée
derivatives did not really do that badly in a 'backcasting'

framework.




CHAPTER V

THE FORECAST AND THE INTRODUCTION OF SUPPLY CONSTRAINTS

1. Introduction

The basic \pur.pose of this study has now been comple‘ted.‘ We have

gained insight into some previously unidentified demand parameters.
5 s

Somz of the resulis were surprising, especially those for which we had
expected substitutability, but instead found a degree of complementarity.
Baetter GS'tiTI.',a‘teS may yet reject some of. the qualitative results we have
derived. Nonetheless, using all of the pai*amet'ers we have obtained in
a general equilibrium context may help to shed scme light on some rather
dmportant policy questions - quesfions that have traditionally been
handled in a partial equilibrium setting. However, in order to extend
the scope of the aﬁalysis to a policy oriented framework; we must first
develop appropriate forecasts of seafood consumption, and identify supply
constreints for the relevant subsectors of the fishing industry. Accord-
ingly, this chaptef bridges the gap between the empirical research and -
policy application by prévid:?.ng the following ihfonnation: ‘(1.) a pfo~-
jéction of consumer expenditures for the seafood category at constant
prices; (2) a distribution of the projected seafood expenditures across
the eight spécies that were developed in chapter four and‘ which constitute
practically all seafood consumed (by value) in the United States; (3) a
sumnary of available data on maximun sustainable yield; (4) the selection
of species that are 'to be placed J'nto. the "constrained" subsectors and
those that are 1o be categorized as the "unconsfrajned" species; (5)' the
establishment of effective supply constrajﬁts for species in the con-
strained subsectors; (6) the additional assumptions necessary to relate

the level of projected expenditures (expressed in dollars) to the
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biological constraints (expressed in weight); and (7) the es timation
of the difference between projected consumption at a given price and

attainable consumption for the constrained species. The latter, in

essence, .represents the final outcome of all of the previous six steps,

and is, therefore, tied to the assumptions made in these 'building blocks'.
To that extent, ;ch,e vector of differences estimated in (7) are hypo thetlcal
Another qualification concerns the application which will be considered
in chapter six. Thal is, it is the usual case that prices are given,

i.e. exogenous, and quantity anustmdn ts are derdved from the own and-
cross partial price derivatives. However, in the policy application of
“the next c]ié_pter,' quantity adjustments are given - equal to the vector

- of the differences between attainable consumption and-projected consump-
tion”- and a set of price changes is obtained consistent with those
quantity adjustments. .'Ihis is a valid procedure énly to the extent to
which market clearance at some predefined level is a fairly reasonable
assumnption.

2. The Forecast

The forecast of total seafood expenditures is given at mean price
levels, so that the predicting equation becomes,

(5.1) Vep T ?if T be uy tocgt.

1 Tt is even possible that the vector of differences would not contain
negative elerents. This would not invalidate the pOlle pwescplptlong
but merely tend to reduce the extent of the problem, i.e. the degree
of redundant input usage. In that case, the forecasting model would
be significant because it is the type of forecast used - consistent
with the behavior of other commodlues - that would account for this
type of phenomenon.




Given the parameters obtained in chapter three, (5.1) reduces to:

(5.2) v_. = 12.48 + .002032 uw - .067010t
It +

In order to determj_r.le v ff’ we must first have a set of projected levels
-of aggregate per capita e>quencii"cm%s as well as a series on expected
population for the United States. These are provided in Table 5.1.

'The projection of u o at mean price levels, is equal to the difference
between forecasted per capita aggregate expenditures and mean per capita
expenditures during the period in which the paramsters wére estimated,
i.e. R |

k

(5.3) u, = m, ~5P.X. = m,
t tj:lj | t

Table 5.2 presents the forecast for per capita seafood expanditures
for the years 1975, 1980, 1985, 1990, and 2000, in nominal terms and in
real terms. In addition, these expenditures are distributed among species

on the basis of the modified cross-sectional income coefficients, and

according to how the constant in (5.2), 12.49, is broken dowm among

species. Because of sparse information on consumer expenditures for
individual species, we do not have a continuous time series on that
disaggregated a basis. However , we do have somz estimates with respect
to how the mean level of expenditures on seafcod during the 1952--1967-

. ~ . 2
period may have besen distributed.

Given that the coefficient on time is equally divided between species

(by assumption), each of the forecasting equations for the eight species

is as follcws:

2 fhis was provided by the National Marine Fisheries Service via sore
work on trade margins on individual seafood products.




Table 5.1

PROJECTED EXPENDITURES AND POPULATION FOR THE UNITED STATES

Personal
Per Capita Personal
Disposable Per Capita ¥

Population ) :
Income ($) Expenditures ($)

Year (mi1lions )™
1975 219.4 3,036 . 2779.76
1980 235.2 3,555 © 3254.96
1985 '252.9 4,049 3707.26.
1990 - 270.8 4,571 1187.95
2000 | 307.8 6,091 - 55876.92
* Derived by multiplying fhe projected level of personal per capita
disposable income by the average ratio of personal per capita

expenditures to personal per capita disposable inccme during- the
1852-1967 period. '

Series C, U.S. Department of Commerce, Bureau of the Census

National Planning Association Center for Economic Projections,
with extrapolation for later years.

Vector of Per Capita . Deflated Vector of Per Capita
Seafood Expenditures Seafcod Expenditures

Year - Year

1975 13.3648 | 1975 13.0494
1080 13.9984 1980  13.668
1985  14.5855 - 1985  14.2413

1990 15.2302 e : 1990 14.8708

2000 17.3886 - 2000 16.9783




Shrimp

(5.4) v, =3.13+ .000588231ut ~ .0083t

- Crabs
(5.5) .59 + .000157265ut - .0083t
Lobsters
(5.6) v, = .93 + .OOlOQZSHﬁt
Tuna
(5.7) v, .0005351+lu_t - .0083t
Salmon \
(5.8) .000363726uy. - .0083t
Groundfish
C(5.9) .0000495942ut - .00:33t
Scallops
(5.10) L1+ .0000227271ut - .0083t
Oysters/Clans

‘(5;11) = .92 + ,0000199552uy ~ .0083t

Ve
Tables 5.3 and S.H‘ present the matrix of nominal and real projected
seafood expenditures by species, respectively. It is importent to note
that, at the margin, Sevéral of the shellfish categories have relatively
high increases in per capita consumption, while the finfish categories --
with the exception of tuna -- have relatively low rates of increase in
consumption. |

3. Supply Constraints

The establishment of effective supply constrainfs_requires knowledge

of maximum sustainzble yield for the species relevant to consumption in .

the United States. Table 5.5 presents a summary of current estimates,




MATRIX OF FORECASTED

Table 5.§

PER CAPITA SEAFUCD EXPENDITURE

Species

Shrimp

Crabs

Lobsters

Tuna

Salion

Groundfish

Scallops

Oysters & Clams

3.55799.

3.79602
14.02057
L.26183
11.99587

607129
6110361
669992
704088
83952l

1.7720L
2.216L5
2.637L4
3.08747
L.2L75

2.50763
2.72056
2.92123
3.13709
3.79776

2.3L0LL
2.1261

1.92009
1.70375
1.11555

1.L70L8
1.15655
1.L37L8
. 1.l1982

1.4057

.298867
268167
2363546

.80622L
< 7711207
741733
. 7098325
651512

Table 5.hL

DEFLATED MATRIX CF FORECASTED PER CAPITA SEAFOOD EXPENDITURES

Species

Shrimp

. Crabs

Lobsters

Tuna

Salmon

Groundfish

Scalloos

Cysters & Clams

37402

3.7064L3
3.92569
L.16125
L.87796

.5928
.6252),8
-65418
687471
.819711

1.73022
2.16h14
2.5752
3.0146
11.32032

2.408L5
2.65635 .
2.85228
3.06306
3.70813

2.28521
2.07592
1.87L77
1.6635Y
1.08922

1.13968
102217
1.40355
1.38631
1.37253

29181
.261838
231354
201501

.151282

787197
755936
.721:228
+693073
639095




World Maximum Sustainable Yield and United States Share of MSY for
“Selected Fisheéries

(Live Weight)

1

s

United States Share

Species o msy
(Thousand Metric Tons)

Shrimp A’ 1,491.9 274
Crabs 671.°
Lobsters 192.
Tuna _ 2,570.
Saliron ) L8L.
~ Groundfish 9,173.
Scallops5 1.,490.

6 : :
- Qysters/Clams , -

lSource: J.A. Gulland, Area Reviews on Living Resources of the World's
Ocean, Food and Agricultural Organization of the United Nations,
Indicative World Plan for Agricultural Development.

24n1ess otherwise noted, the general procedure for deriving the United States
share was as follows: Let yi_-i denote the share of consumption out of total
wbrld landings of the ith species by the jth country. Letting t stand for
time, we may specify the following equation:
. .
0 .= + 2‘_
A (3.5.1) log yi3 T oo B ‘

Once a,B are obtained, the long-run share, i.e., the share which (5.5.1)
approaches as t -+ , is equal to the antilog of .

3The share of 1.000 was established for lobsters because the United

States had the overwhelming share of world landings because of the

location of the resource, and, it was felt, 1.000 was a more realistic share.
(5.5.1) was run and yielded a share of about .85.

4Tncludes the potential maximum sustainable yield of Central Pacific
Skipjack, estimated at 800,000 metric tons. :

SIncludes the recenfiy discovered calico écallop resource found off the
eastern coast of the U.S.

6An MSY for Oysters/Clams is not a relevant ccncept because of the develop-
- ment of artificial techniques of cultivation.




as well as an aosuned “Jong-run share which represents the proponLlon of
MSY which the United States will consume. : This last assumption is made
for two reasons: (1) in order to abstract from international trade con-
~siderations; (2) in order to avoid problems concerning international
competition for a fiXed resource.

The only task that remains involves the categorization of species
under the heading of 'consfrained' or 'unconstrained.! Most of fhe species
covered in this study fall into the constrained subsector category. That
is, the ratio of landings to maximum sustainable yield for these species is
such that the attainment of MSY is a reasonable outcome in the foreseeable'

b ,
future.  The following species can be classified under this heading:

Shrimp, Crabs, Lobsters, Tuna, Salmon, and Groundfish. On the other hand,

the unconstrained species are those for which the difference between long-run
-aQeragebcost end long-run marginal cost is either negligible,.or, does not |
exist by definition. The only example of the latter is Oysters/Clams. This
species can be treated as an ordinary commodity in the sense that a perfectly
elastlc supply function is not unreasonable because of the development of

5
art1f1c1al techniques of cultivatlon. The only example of the former is

3
For an explanation of the derivation of these shares, see Table 5.5.

Y o _ 5
See Appendix C for a formal derivation of the long-run supply curve and
the role which the ratio of landings +to maximum sustainable yleld assumes
in determining the slope  of the supply function.

5 . .
For a thorough discussion of this, see "Molluscan Resources", by
A. C. Simpson, in, Area Reviews on Living Resources of the World‘
Ocean, F.A.O. Indicaiive World Plan for Agricultural Developnent
Fisheries Laboratory, Burnhamron—Crounch 1969,




scallops, which is so relatively underutilized that a perfectly elastic

supply function -- even in'a.long-run setting -~ is a fairly good ap-
proximatiorn.

In conclusion, there Will be six species in the constrained subsector
category and two in the unconstrained'category.

4. Additional Assumplions

The only additional assumption needed in order to tie together the
biological constraints and the projected level of seafood expenditures
concerns a given level of weight per dollar consumed for each species.
More specifically, we shall assume that forecasting real expenditures on
seafood is equivalent to holding the ratio of weight per capita consumed
to the number of dollars per capita consumed, by species, constant. In
other words, we will take the ratio of (1) mean per capita copsumption
(in weight) for the 1952-1967 period to (2) the mean per capita expenditures |
over the same period for each species, so that for any given level of
projected real expenditures we may associate a given weightvper capita
consumed with that level of expenditures. This assumption is not such
an unrealistic one in the sense that dhanges in prices in seafood con-
sumption‘are also reflected, in general, in changes in weight consumed
per dollar consﬁmed. Given that quality changes are minimal in the sea-
food sector over time, and, given that our estimates of seafood expenditures
take out the influence of other food consumption, then a high correlation

‘between changes in price and changes in weight per dollar consumed is

6 .
likely. Thus, forecasting at constant prices reduces to forecasting at

constant weight per dollar consumed.

bsome preliminary correlations show a Simple correlation coefficient
of between .8 and .9 between changes in the seafood price index and dollars/
weight for all seafood.
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Table 5.6

PER CAPITA CONSUMPTION IN POUNDS

Species

Shrimp

Crabs

Lobsters Tuna Salmon - Groundfish

‘Scallops

P

Oysters & Clams

1.15511
1.23239
1.30529
1.38362

1.62192

.1858L3
196015
+205085
.215522

+256979

.2L5691 2.09563 3.131k2 = 2.19048
307308 2.27357 - 2.8LL6L 2.1638L
-+3656178 2.uh127 2.569 2.13551
128074 2.62167 2.27955‘ T 2.10927

0236369
.0212089
.0187397
.0163215
.0122538

h.86978
L.61877
L.L2503
1:.23468
3.90L87

L2166

.2l12s -
06522

-.10370
-.119586

613,86 3.17379 1.149256 2.0883

MATRIX OF MAXIMUM ATTAINAELE CONSUMPIION MINUS PROJECTED PER CAPITA CONSUMPTION (IN POUNDS)

1231477
.092526
.063261
.035086
-.036L:96

«4li50L7 1.67391 -2.92733L . =.30081
.337029 1.20,227L ~2.65L126L -.40111
.233563 .82894 -2.392918 -.1,9615
.131557 13238 -2.11201 -.57827
-.121127 -.118686 -1.31:7087 -. 71187




Conclusions

Table 5.6 presents (1) the projected éonsumption of per capita

weight by species for the years 1975-2000, and (2) for the six species

- in the constrained subsector, the differential between projected con-
sunption and the effective supply constraint for the years concerned.
Note that the constraints are in per capita terms. Gilven this information,

we will be able to derive vectors denoting differences between projected
7 , s

N

and attainable consumption in dollars.
In conclusion, the differences derived are to a large extent a re—.
flection of the methods eﬁployed, particularly the type of forecasting
device that was utilized. Table 5.6 reflects rather modest negative
differences, and even here, these are not manifested ﬁntil later years.
‘The net implications of this will be discussed more fully in the next

chapter.

7 .
See ch.apter six.




" CHAPTER VI

POLICY IMPLICATIONS

1.

Thus far, the principal empirical findings have been
oriehted toward (1) the estimation.of demand parameters and
(2) the identificafion of effective supply consfraints.- We
have not investigated the general shape of the transformation
function betﬁeen species, nor have we delved into the growth
of the transformation locus over time. Rather, the emphasis
has been placed upon a situation in which the general shape
of the transformation curve is predefined for two reasons.

f?hc first reason‘is~related to the assumption that the level
of output for the constrained species is at 1easf7in the

neighborhood of maximum sustainable yield. The second rea-
' 1

- son is that maximum yield will be maintained into perpetuity,

1Diagrammatically, this means that the transformation
function between the constrained species and the unconstrained
species will be depicted by the following:
AR '

- rrraea

Us ~

N

\




i.e., the long-run supply function is perfectly inelastic

ét MSY. Any -one of three conditions will practically ensure

that this is the cése.' That is, if the biological function
is such that increases in effort neither increase nor de-
crease yield, or, if the production function is one which
exhibits nonconstant returns with respect to increases in
the number of vessels, orn, finall§, if instiéutional pres-
sures are forthcoming via a quota to‘maintain'outbut at
maximum yield, then perfect inelasticity is a fairly good
approximation.

The only other critical assumption in our, analysis is
that the target levels of output in the uﬁconstrained sub-
sectors, i.e., the levels determined by the "constant util-
ity locus," are technically feasible with the given level of
resources in the fishing sector at a particular point in

the future. The realism of this assumption depends in

21n graphical terms, this implies that there are énough
redundancies to insure that point B below is attained from
an initial point, say, A.

ey
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large measure on the difference between the market solution
and the solution obtained by the income éompensated Price
derivatives. That is, if the difference is so great that

a 1arge degree of reallocatlon is implied, then 1ncreases
;n output }n the unconstrained subsectors could probably |
not be effected Without a decline in output in the con-
Strainéd subseétors. On the other hand, we may obtain a
difference which is so smali that the reallocation implied
is of the second order Qf'smalls. Indeed, whether the dif-
ference is 1érge or small is precisely what will be deter-
mined in our policy implications section.

It should also be remembered that the application con-
sidered does not involve the allocation of resources from
the fishing industry to other sectors of‘the economy nér
does it involve the maximization of the value product of all
factors among marine subsectors subject to thé prior restric-
“tion of a given level ofAinputs. Indeed, in neither case
would maximum yield constituté a solution. Our basic frame-
work of analysis and poiicy discussion presﬁpposes market
clearance of MSY and a given level of total resources in

‘the entire fishing sector. The point of view emphasizes a

reallocation of economic resources among subsectors so that

a "better" éolution is effected. That solution in no way

can be considered "best" either from an interindustry.or
“intraindustry allocative point of view. In otherp words,
alldcative implications, to the extent that they are signi-
ficant, will be restricted to alternatives within the fishing

industry.




This chapter essentialiy'applies all of the parametérs
estimated in the previous iwo chapters to the analytical
framework outlined here and at the beginning of the study.
Section two presents a formal derivation of the change ih
prices that will occur in the market. among the constrained

species, the quantity adjustménts that will take place among,

the unconstrained species, a "constant utility locus" of

quantity ~adjustments, and some estimates regarding the
allocative significance -- in terms of the readjustment of
capital and labor -~ of the 'target' levels of output estab-
lished for the unconstrained species; section three contains
a brief discussion about pélicy implications; finally,
section four presents some concluding remarks with respect

to some of the shortcomings of the'techniqués and assumptions

that have been utilized in this research.

2. Forecasting, Price Changes, and Allocative Significance

There are three important topics that will be discussed
in this section. First, we shall evaluate the importance of
the type of forecasting procedure that was.ﬁsed. Second, we
will determine changes in prices (given the constraints
derived in chapter five), sﬁd sompare those changes with the
type of price movements that would»obtaiﬁ in a partial
equilibrium fbamework. Thirdly, we Qill discuss allocative
implications.

As an example of how the pressnt method tends to reduce

increases in projected consumption, we can compare our fore-




cast of a particular-species, say Shrimp, with some other

work currently being completed. In the Future of the World's

" 'Fishe Forecasts of Demand, Supply and Prices

- to the Year 2000 with a Discussion of Implications for Public

' Pblicy (in manuscript form -- forthcoming), the percentage
increase in per capita shrimp consumption for the United
States from iQ?O t§ 1980 ié equal to 25.6%. This inérease
reflects adjustments in prices, i.e., the percentage change
would be even greater if relative prices wéere held constant.
On the other hand, the percentage increase in real Shrimp
féxpenditures in our analysis for the same period of time is
equal to 12 percent. Thus, the rate of increase of demand

using this technique is considerably diminished.3
The second topic concerns changes in prices. It should
be remembered that we have initially set the prices of all

species equal to one another and equal to the time series

mean price index for all seafood. Given this base, what is

derived is a change in the index for all of the six con-

\

strained species. ConseQuently, the change in the index

divided by the ofiginal base will give us the percentage

3The techniques used in The Future of the World's

" Fishery Resources are essentially single equation log-linear
type of formulations. In addition, world price is determined
through the interaction of the long-run supply function and
world-wide demand. Thus, even though exact comparisons
cannot be made, it is nonetheless obvious that without re-
strictions placed upon demand equations, forecasts would
tend to give much higher estimates of future consumption.




change in actual pricgs. Thus, even théuéh we do not have
any direct‘obscrvatioﬁg on actual prices, we can still de-
‘rive the percentage change in those prices.

'In order to obtain the price changes for the constrained
set, we must first derive the vector of differences between
projected consumption and attainable consumption. Here,
‘another important qualification should be mentioned. That
~is, all changes, whether they are price changes or quantity
adjustments (for the unconstrained set), are evaluated rela-
tive to the initiai set of prices. Given our assumption
about a constant weight per dollar for each species, it
follows that all price changes and'quantify adjustments are
computed for an assumed weightl per dollar. In this way ,
quantity adjustments in the unconstrained set, initially
measured in dollars, may be converted into weight.

We have already computed the difference between fore-
casted consumption and attainable consumption (for the five
pointé in time from 1975 to 2000) in pounds. However, the
differenées must ‘be converted into dollars. This can easily.
be done by dividing the elements of the matrix of differénces
computed in chapter five by the appropriate species weight
per dollar factor. These 'dollgﬁ' differences are presented
in Taﬁle 6.1 for all of the six constrained species for
each of the five forecasted years.

It is obvious that, even in dollars, the differences in

Table 6.1 are rather modest. Only for the year 2000 are

the elements uniformly negative across the constrained




Table 6.1

MATRIX OF ATTAINABLE-CONSUMPTION MINUS PER CAPITA

CONSUMPTION (IN DOLLARS)

Shrimp

1.27717

. 725564

.18615
-.31188.

-1.49131

" Crabs

.393866

.295139

.201789 -

111217

-.116415

Species

Lobsters

" Tuna

3.13u413

2.37344
64481
.926458

.853007

1.95573

1.45182
.968501
.505176

-.568828

Salmon

.13627
1.93699
. 74557
54287

.98306

.Groundfish

.197706
. 263628
.326093
.380066

487591




s?ecies, and in sufficient magnitude,u fhat market clearance
at maximum yield is reasonable. Therefore, using the vector
of differences for this yeaf, we can proceed with the logi-
cal implications whiéh follow from integrating this infor-
mation with the matrix of price derivatives obtained in |
chapter four. Denoting 1, 2, 3, 4L, 5, 6, as the species
Shrimp, Crabs, Lobsters, Tuna, Sélmon, and Groundfiéh,
respectively, we may take the submatrix of own and cross
-price partials between these constrained species, given as

F#, and the vector of the change in consumplion, A%
i .

.491310
.116415
.853007
.568828

.983062

and find the market clearing change in prices:

R ) ’
(6.2) s, = (F5y7" mx_ = [ 013033

; i Shrlmp (1)

| 2
E L1noyyl é‘Crabs (2)
gLobsters (3)

t
\

E . 0542646
il

~.102811 JTuna (4)
.00796539;Salmon (5)

‘.;03661875 Groundfish (6)
Thus, the percentage change ‘in actual price is equal to the

following:

It should be remembered that these differences are in
per capita terms.




(6.3) ( AP.) (1/p.)
1 . 1

It is eﬁparent, disregarding the two negative price
chan_ges,5 ‘that the importance of examining the resource con-
straint in a general equilibrium framework on the demand side
is -- at the very least -- the low rate af which pPrices are
expected to increaee. The question then arises "how do these
price changes compare with the historical experieﬁce?”

Viewed historically, Lobster prices have not declined, but
have increaéed rapidly. Therefore, the expected price de-
cline given here is not a good indicator. On the other hand,
- real Tuna prices have declihed considerebly over the past

~ sixteen years. Groundfish prices over the 1950-1968 period
have risen a modest 3.9%. Selmop-prices have risen 17% since
19553 however, since 1963 consumption has essentially been
constrained to maximﬁm sustainable yield and from 1963 to
1968, real. Salmon prices’have risen- only 2;5%. Crab priées

have actually declined during the entire 1955-1967 periodg

5The negative price changes occur because we have pre-
defined the quantity changes. In other words, because of
the combination of negative quantity adjustments, the set of
price changes consistent with those quantity adjustments in-

cludes -some: negatlve elements




although from 1961-1967 they increased approximately 16%.

Finally, Shrimp prices have increased approximately 24% over
tﬁe 1955-1967 period, but if the first two years of that
period are excluded, the increase amoﬁnts to oﬁly 3%. The-
importance of these price movementskis that W;Fh the excep-
tion of Lobsters, most species, including those which are
very close to their respective supply constraints (e.g.,v
Groundfish and Salwon) have exhibited only modest relative
price ch:nges.

For the purpose of illustration, let us drop the utility--
maximization general equilibrium framework, and posit quantity
consumed as a function of 6wn price oﬁly. f we use the own

)

price partials given in Fi and solve for the changes in

price consistent with 8%., we find the change in prices as

follows:
(6.4)
.838483
.372705

.266345

65f course, if we exclude the prices of other species
and rerun our cross-sectional equations, different estimates
of the implied own price partial derivatives are obtained.
However, even when this is done, in no case is the difference -
greater than thirty percent on either side of the original
estimates. Even if the difference is plus or minus fifty
percent, the basic conclusion with respect to the rate of
price increase with and without the inclusion of cross partials
is not altered.




And, thus, the percentage change in prices is:
5 > b2 ‘

(6.5)  (ap.)(1/p,) =  f.599297

/ . 818727

. 363924

/
.271u99£_

The obvious conclusien is that rate of price increases
is greater iﬁ a pertial framework. It is precisely for this
reason that the general equilibrium framework was used, i.e.,
to see if the movement of prices differs significantly.

Even if different own price partials are used, the basic

results are not altered: leaving out the prices of other

species overstates the common-property resource problem in

terms of its impact upon prices.

| The third and finalApart of the second section eon-
cérns the allocative significence of our framework. The re-
allocetion of capital and labor depehds upoh the difference
between fhe market solution and the constant utility locus
~solution along the indifference space. The market clearing
quantity adjustment for the unconstrained species, Scallops

and Oysters/Clams, is given by,

This specifically refers to the common-property
resource problem in the inelastic portion of the supply
function. : '




L 5 6
1.82513 1.45635 .063090Uu 2.55035 2.556611 1.51052

5.24721. 2.39561 3.4633 1.93442 1.3763 1.10988

.0383676 . /’.0130§u3 iy

<lhouyl \

/

.0696286/ / :
i ]

j—.OSHQBMl !
i |

.00796539;

1

ki
10366187

where 7 and 8 denote Scallops and Oysters/Clams respectively,
and all other symbols have been previously defined. There
are no price changes for these two species because of the
assumption of perfect elasticity of supply.

We may derive another set of price changes by taking the
6x6 submatrix Gf substitution effeéts,-Fgﬂ, and multiplying

the inverse of Ff" by &x; , S0 that:
i

(6.7) ( &H)' = (" .= [ .0130315

1

140426

-.0542543

| ~.102796

.00796803

s N,

L .0366266
o é’




From (6.7) We cén solve for the duantity adjustments necessary
to stay along the community indifference.curve by multiplying
the 2x6 submatrix depicting the substitution effects between-
the unconstrainedb “constrained species, Fn—;" by (5,§)L
Thus,

(6.8)

1 2 oy 5 6

1.82519 1.45636 .0631106 .55043 2.55616 1.510656

5.24731 2.39562 .46332 .9344L9 1.37634 1.10992

.0383902 f .0130315

.0696L73 | 1uou26
-.0542543
| -.102796

. .00796803¢

1
¢
i

The difference between Axn i and AX ", is equal to:
n-1i :

(6.9) - : . 2.25925 x 107°

1.87671 x 107°

Since (6.9) is in per capita dollar terms, we may obtain
the total difference by multiplying both elements by the
expected populétion., Then, we have,
(6.9)' [ 6953.97
5776.51
The.sum of the two elements is egual to $12,730.48.

This gives us the 1oés, in aggregate dollars, of not following




a policy of taking the economic pesources'neéessary to pro-
duce ( AX;_i - AXnni) out off the constrained subsectors.
However, it is readily apparent that this loss is negligible,
and the resource alloéation involved so small fhat little
policy is implied. This can be casily demonstrated in the
following way. As a crude measure of the magnitude of the
resource allocation involved, we may obtain the quantity of
capital and labor needed by multiplying each of these dollar
amounts by their respective species conversion fTactors. Then,
for given K/0 and L/0 ratios for Scallopsyand Oysters/Clams L
we can solve for the quantity of capital and labor needed to
produce 5776.51 dollars of Oysters/Clams and 6953.97 dollars
of Scallops. The necessary level of capital and labor,ras
well as the related information just discussed, are summarized

in Table 6.2. The latter shows that to produce 4,799.6 pounds

of Scallops and 317,650.3 pounds of Oysters/Clams would re-

quire'only <429 ‘units of labor and .022 units of capital for
Scallops and 1.552 units of Jlabor and .768 uﬁits of capital
for Oysters/Clams. Thus, fhe capital and labor movement
implied is only marginal at best.

This, of course, represents a point.of view which

minimizes the loss to society of the resource constraint and

This assumes that the increment can be produced
domestically and thus abstracts from international trade
considerations with respect to the unconstrained species.




Table 6.2

"Relevanf'Data‘Regarding Allocation of Capital and Labor

1. Scallops

Output per Vessel = 216,446.32 pounds

Output per Unit of Labor = 11,177.49 pounds

Weight/dollars of consumption = .081

‘Conversion Factor (Edible Weight to Live Weight)
8.521 :

Total Dollars (eq. (6.13) x expected population)
6953.97 ' ’

~Number of Vessels Allocated to Scallops =
((Weight/dollar consumption) x (Total Dollars) x (Conversion
Factor))/Output per Vessel) = .0221

! Number of Units of Labor Allocated to Scallops =
((Weight/dollar of consumption) x (Total Dollars) x (Conversion
Factor))/Output per Unit of Labor) = .u429u402-

2. ‘Oysters/Clams

Output per Vessel = 413,704 pounds

Output per Unit of Labor = 204,689 pounds

Weight/dollar of consumption = 6.11

Conversion Factor (Edible Weight to Live Weight)
9.0 ’ :

Total Dollars (eq. (6.13) x expected population)
5776.51 o

Number of Vessels Allocated to Oysters/Clams =
((Weight/dollar of consumption) x (Total Dollars) x (Conversion
' Factor))/Output per Vessel = .768

Number of Units of Labor Allocated to Oysters/Clams =
((Weight/dollar of consumption) x (Total Dollars) x (Conversion
Factor))/Output per Unit of Labor = 1.55187

1

The basic source of information with respect to out-
put per vessel, output per fisherman, was derived from ’
Basic Economic Indicators, National Marine Fisheries Service,
Economic Research Division.




assesses lhe market adjustment aé practically 'optimal.'
This may very well understate the intensity of the problen.
Nonetheless, it is at least oné indication that the extent
of the projected misallocation may be limited. |

3. A Note on Policy Implementation

Our empirical analysis has shown that within the con-
ceptual framework developed in this study there is little

difference beltween the market solution and the solution that

would leave society as well off at the originally pfojected,

but unattainable combination. Real price adjustments were
found to be relatively modest. We have nof examined adjust-
ments across other food commodities, or other commodities
in general. These adjustments have been assumed to take
place but we have not examined them here. On the other hand,
our conclusions must be qualified by the fact that the sub-
stitution effects were only linearized estimates, and hence,
reflect only approximations of the true -substitution effects.
It‘is also important to note that ﬁe have not concluded
that there will be no redundancies. What is being said is
that the magnitude of excessive entryiof inputs will tend to
be considerably dampehed by the combination of the own and
cross partials on the demand side and, at the very least,
thevimposition of a quota at maximum sustainable yield on
the supply side. To the extent that a quota is presumed in
effect, the market mechanism is modified. However, any
modification of the market mechanism beyond the quota may

have very small benefits. In other words, what we have found




is that the 'modified' free market mechanism may perform rather

well in terms of adjusting consumption, and by implication
_ecohomic resources, awéy from suppiy constrained commodities
to other commodities (i.e., other species of seafood and
other food in general) where there are no inherent long-run
supply constrainfs., That is not to say that in particular
regionS, for individual species, more sophistica{ed‘and‘more
comprehensive management schemes are not néeded.9 Nor does
it imply that the market solution will result in adequate
management of ali fenewable natural resources. Certainly

the possibility‘of over-exploitation and even extinction is
an important area of study particularly when policy initiatives
afe not forthcoming. Rather,‘it is our contention that from
a genéral equilibrium‘point of view - énd that has to be
thé;framework in discussing the overall management objeotives
for gil species -- the market, with some slight adjustments,
may not perform so suboptimally that drastically revised
policies are needed.

4. Conclusions: A Critique

In order to gain perépective and insight into the
importance of this study, we will conclude with a brief

discussion analyzing some of the shortcomings of the approach

9 : _ : . :
For example, see "Technological Externalities and
Common Property Resources: An Empirical Study of the U.S.
Northern Lobster ' Fishery," by Frederick W. Belljy Journal
" of Political Economy (forthcoming).




and technidue that were employed. Theré are, to be sure, a
number of assumptions whicha at best, might be considered
highly restrictive. 1In addition, there are some critical
questions that may be posed with respect to the'statistiéal
methods that were used in some parts of this research.

In the context of the general demand analysis, there aré
several points that can be raised. Fgrst, why.ﬁ;s sudh an
aggregative approach undertaken, i.e., why nol restrict the
analysis to the fishing sector? Secondly, the separate in-
fluence of time upon differentyspecies was not examined.
That is, it was assumed that time, as a proxy for changes in
consumers' taste, equally affected all subsectors in the
fishing industry. However, there is no a priori reason why
this should be the case. Thirdly, it might be argued that
the method used to distribute the cross~sectional estimates
of the income parameters for consistency with the 'control
total' established in the time series analysis was rather
arbitrary and nét based upon any pfobabilistic or statistical
conditions. Fourth, the assumption of a constant weight per
dollar for each species in association with the mean price
index for all seafood, while necessary in order to relate

projected consumer expenditure with anticipated supply con-

straints (in weight), can be termed as an unusually heroic
assumption. Finally, estimates of "substitution effects"
that are contained in this study are parametric. There is

no mention or any explanation of how these substitution

effects change when the level of consumpfion changes.




There are also some unanswered questions on the supply
side. For exampie, there is no test of the assumption that
the'markét will clear at maximum sustainable yield. Further-
more, the analysis is fairly sensitive to the estimates‘of
MSY, i.e;,'policy implications with respect to the reailocation
of capital and labpr depend uponrthe accuracy of the supply
. constraint estimafes. Third, and last, these supply con-
straints are only valid to the extent fhaf the imposition
of a quota is guargnteed.

| Some of these points may be handled in rather short
order. The aggregati&e approach was undertaken in order to
insure that the forecast was consistent with all other
commodities. This acted as a constraint on the upper bound
éf the forecast, which is particularly important for re-
source related commodities,-and which is lacking in other
typés of fofecasting, such as single equation techniques.
A second and related reason for the aggregative approach in
th;s context is the degree to which the identification
problem is minimized relative to other techniques. In
.dther words, any sort of analysis which is confined to the
fishing sector.alone (e.g., a restricted least squares
routine for n species) would have to coﬁtain the assumption
that prices areléxogenous. However, because of the common
" property nature of the resource, prices are not exogenous,
and supply functions are ndt‘peﬁfectly elastic at some

given level of prices. Nonetheless, the importance of

this factor is negligible in the éggregative approach because




(a) perfect elasticity of supply is a reasonable assumption
for all commodities excluding seafood, and (b) because the
latter constitutes such a small proportion of total consumer
spending. Al the samé time, the implicit test of the |
additivity condition in the utility function for seafood
(Appendix A) demonstrates that it is not at all an unreason-
able assumption.: The second point raised -~ that with re-
spect to the time variable -- is not relevant in this con-
text. Ih other studies, where this same technique was
applied, the purpose of the inclusion of the time variable
was to make results, in terms of economic parameters, comparable
to cross-sectional estimates.lo Given the minor difference
between the sum of the species coefficients and the time
series seafood parameter, the purpose of including time has
been fulfilled and is consistent with éther studies. In
addition, because of this mihor.difference the method of
distributing individual species coefficients becomes a moot

issue. The issue of a constant weight per dollar is not

unrealistic when one considers that, conceptually, holding

10y But we do hasten to point out that any attempt
to suppress trends makes interpretation of the data, in terms
of economic constructs, almost impossible. Clothing is a
case in point. Suppressing trends in .equations attempting
to explain Clothing consumption in the post-war period leads
to results which simply cannot be squared at all with cross-
sectional data. This remark applies to several countries
and to single equation techniques . . . as well as to
simultaneously fitted systems . . ." A.A. Powell, Tran Van.
Hoa, and R.H. Wilson, "A Multi-Sectoral Analysis of Consumer
Demand in the Post-War Period" in The Southern Economic
Journal, Vol. XXXV, No. 2, p. 120.
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price cénstant should be equivalent to holding weight per
dollar consumed cénstant, and that a fairly high correlation
was found between changés in the price index and changes in
dollars/weight consumed. The last point with respeét to the
demand analysis -- the linearization of substitution effects
is-a valid and relevant criticism. However, linear approx-
imations to non-linear systems are certainly nothing new in
the economic literature. In fact, linear approximations are
often used in a partial equilibrium framework; here, we have
extended this to a more general equilibrium frame of reference.
In fact, linear estimates of price derivatives (with implied
linear éubstitution effects) have been used in an intermediate
to long-run forecasting context.

| The points raised‘with respect to the supply variables

are*not major. That the market ultimately would clear at’

maximum sustainable yield for the constrained subsectors isf
quife certain. The only question is "when?". We havé fore--
casted far enough into thé future so that clearance at MSY

is probably justified. Secondly, there appears to be a con-
sensuslamong biologists (at least with respect to the épecies
in the United States) regarding potentiai yield. At any rate,
policy implications.will élways be‘sensitive to forecasts of
'exogenous; variables, i.e., aggregaté consumer Spending;

disposable income, population, ete. Thirdly, we have estab-

11

See Leif Johansen, A Multi-Sectoral Study of Economic

" Growth.




lished that there i¢ some historical precedent for the
imposition of a quota. Of course, it could be argued that
the quota is not necessarily imposed at MSY, but sometime
afterward (overfishing in fhe biological sensej. In that
case, though, the reallocaltion of capital and labor from
the constrained subsectors to the-unconstrained subsectors
~would increase output in both categories.

In the end, the most important contribution of this
study may be in the identifiéatidn of important demand
parameters, and the significance the use of those parameters
would have in a foreéasting context or in‘a framework in
which relative price changes are measured across species.
We have shown that the inclusion of cross partial de-
rivatives can change some of the conclusions reached in
the traditional analysis, i.e., the rate of change of price
is considerably dampened when cross price partials are pﬁt

into the analysis. Furthermore, although significant policy

implications were not reflected in this study, thisvapproach

will hopefully lay the foundation for the type of analysis
within which policy is evaluated in a general equilibrium

framework.




APPENDIX A

TEST OF ADDITIVITY ASSUMPTION

An.implicit test of the additivity assumption with re-
spect to the seafood category involves the estimation of.what
Prisch refer§ to.as the flexibility of the marginal utility
of money,

: 9A
(A. 1) = 3m

where: A is equal to the marginal utility of money, and m is
equal to (as before) aggregate per capita expenditures. The
test would consist of a comparison of w obtained in other

studies in which the additivity assumption is employed, but

in which the seafood category is not separated. If the re- -
sults are comparable, it would indicate that the additivity
assumption for fish is valid, or at the very least that the
parameter, ; s is not sensitive to the inclusion of very
disaggregated commodities as Separate.entities under the gen-
eral additivity assumption. (A.l).may be cdmputed at the-
mean per capita expenditure level, so that:

A

(AL2) w o= -1-1-1/;

has been found to be 1,030.3, while m is equal to 1,826.29

dollars. Accordingly, w is equal to -1.77. According to

Powell, the general range of .w for various countries has been




' 1.
-1.5 to -2.5. For the United States, Powell estimatced a
2
value of -1.507. Thus, our estimate is within a general
range and at the same time is very close to the United States

value. Tt may therefore be concluded that within an cupiri-

cal context the additivitly assunplion for scafood is cminent-

J
‘ cs e N e e .
1y’ rcasonable. Sensitivity of the flexibility of the margin-

al utility of money was used by Frisch as a criterion for
testing the same type of assumption with respect to a simi-
larly disaggregated food commodity and therc, too,positive

) 3
results were forthcoming.

1 :
Powell, "A Complete System of Consumer Demand hHqualions
for the Australian Economy Fitied by a Model of Additive Pref-
erences,'" p. 674,

2

Powell, Tran Van Hoa, and Wilson, "A -Multi-Scctoral
Analysis of Consumer Demand in the Post-War Period," p. 116.
The results for the United States arc not exactly comparable
because the authors include quadratic Engel curves, while
most of the other studies cited use linear Engel curves.

3
Frisch (13).




APPENDIX B

" CONVERGENCE OF A(y)

The path to convergence isAdeﬁicted in figure'B.l;~
After the third iteratibn, wheré'l reached a value of 1,030.34,
it.fluctuated between 1,030.0 and 1,031.0 with nO.diS"
cernible pattern. Table B.1l shows the convergence path of

A with the estimated parameters at each iteration.’
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Table 3.1

CHANGE IN ESTIMATED PARAMETERS FROM ITERATION TC ITERATICN

o~
{20

- Tteration # B, B),
1
P -.00201570 .0819943 .288k23 .275435 .35213200 0665606 .‘ . -L.ou6kg . T7.5878356
020286l .oBa0z21 288578 - .27506% 35230726 || 066900 - A786 . -h,0NTS9  T.5T993T
.0020311h .0820193 .28856 .275111 .35027856 066988 . --287148 . -h.oh?ls 580836k
.00203160 .0820157 .288557 .275116 .35227970 .0670019 .28692l . .ovior | 7.5800759
.00203190 .0820238 © .288567 275092, . .35208530 .o6f011u. 287293 _ .okT31 5137
.0020318% .0820202 .28856 .275107 .35228096 _.0670099 .o87154 . -4.04T15 .5807235-
| 00203188 .0820217 .288563 ~ .2751 .352283h42 0670109 08720k -3, i .0kT22 5809940
.00203186 .0820205 .288561 .27510k 35208061 0670103 287159 . _L.oMT1T 5807893
10 : .00203182 .0820192 . .28856 275107 .35228198 0670092 087092 . hOMT15 5805912
.5805055

.5804843

11 . .00203180  .0820183 - .28856 .275109 .35228090 :0670085 .28TO4T ) _L. 0715
12 .00203180 .0820181 28856 .275109 .35228092 0670083 .287036 . _4.04715
1k ) 100203183 .0820193 .288561 :275105 .35228287 0670094 .287098 -y _l. OUTIT 580677k
15 : .00203182 .082019 ©.288561 .275107 .35228118 0670091 287081 ) k0713 5805801
16 .00203203 .082028 .288571 .275082 . .35228697 0670157 .2875 ) _1. 04739 .5819957

17 00203186  .0820209  .28856  .275108  .3502792h 0670107 267193 _ .ok71 5807537

7
7
7
7
7
7
13 ,00203181  .0820188 288561 " 75107 35228139 670038 08707 -3, okr6  T.5805883
7
7
7
7
7

18 .00293198 0820259~ .28856T . .275089 . .35228612 0670139 287 . _4.0k731 581539
Seafood :
A1l other food . Durables
Other non-durables . Services




APPENDIX C
THE DEFINITION OF MAXIMUM SUSTAINABLE YIELD: SOME REGIONAL

""""" RANITICATIONS

Our purpose here is to elaborate upon the conceptAof
MSY and to examine one of the major assumptions of this study
in the light of regional differences in resource potential.
The assumptien to which we allude is that once MSY is
reached, output is maintained at that level because of re-
guiations de51gned to keep the effective level of output
"frozen." As we shall show, once regional disparities are
introduced, these two phenomena are not independent, i.e.,
regulations 6n a regional basis have to be imposed so as to
assure the attainment of maximum yield on a world basis.

Tn order to pinpoint the impact of regional differences,
we mﬁst first derive an expression for the 1ong—run supply |
curve. This may be done in'thercontextAOffa technique de-
veloﬁed by F.V. Waugh. Assume that a relative yield curve
can be specified, |

(C.1) Y
' t

where yt and et.ére the yield and effort respectively in any

given year, and yl and el are the yield and effort for some

given base period. When el =4e£,.y1 :'yt and the following

relationship holds,




(C.2) a - b =1
Thus, we'may expréSs b in terms of a. Differentiating (C.1)
and Setting it equal to zero, we may derive an expression
for relative effort at the maximum»of the function in terms
of*a. Substituting‘back into (C.1), gives,

(C.3)"

where y is equal to MSY. We may then solve for

0

(C.4) a = 2y“/yl (1 i_\ij;l/y")

'Since (1- \ET;I7;?) is the only expression which fits the yield
effort function, the other possible value of "a" is ignored.
Thué, if maximum sustainable yield and some base period level
of landings are both known, then "a" and "b" can be obtained.

Furthermore, if we assume that the ratio e, is equal to the

]

ratio of total costs, TCt, and that price is equal to average

TC
1

cost in’ the base period, we can substitute Plyl for TCi and

Pty for .TCt and obtain the following:
(c.s) yt = 4Py, —AP12y1_
bp,c bpt2
. Thus, with pi yl~ "aﬁ ana "bf-asbconStants, we have'quantity‘
as a function of'price'only |
leferentlatlng (C 5) with respect to prlce; and setting

the resultani expre581on equal to zero, we may obtaln the




price, P¥ at which maximum sustainable yield is attained:
(C.6).. P" :A2p]/a
Substituting (C.6) into (C.5) gives,
% 2
(C.7) Y =
" : 'f;?1
4b
Let us now assume that there are n regions. The sum of the

regional maximum yields is then given by:

n n /.2 . T s
(C.8) ry.* = % ‘1y:L ), '
i=1 * i=1\4b; i
where y, , a, and Bi are, respectively, the yield function
1 | th
parameters and the base period level of landings in the i~
region. (C.8) represents a global upper bound, a "maximum

maximorium." On the other hand, let us define the world

supply function as the sum of the regional supply schedules,

LYy o=
i=1 1 ;o
o i=1 0\ PPy bp° | .

Differentiating (C.9) with respect to price and then setting

n ) 2
(C.9) n ab¥y, Pp ¥y,
by i - i

it equal to zero, we can solve for the price at which the
world supply function rea%heSva'maximum,

2P, 'L /b.
(C.lU) P % = li:lyli 1

s
n
Ly, a./b.
= li i 1)

When (C.10) is substituted into (C.5), the maximum point of

the world supply function can be found,




n %
Iy
<i=l ti) . ( )
i=1 bi

‘ 1
In generfal, (C.ll) will be less than (C.8) , but will
approach (C.8) as differences in fegional yield coefficients
become smaller. When the regional coefficients are the same,

the following holds:

(C.12)

(.

However, it is also true that

(C.13) Lol
2 i n -
1 Y1. = i \sy = Iy,
T b i1 i i=1<4‘bi li) Nt
Thus, world maximum sustainable yield can be attained in the
market only if the regional yield parameters are the same.
Thus, within the context of the technique discussed, any
one of three conditions would be sufficient to permit the

maximum resource potential from the world's oceans to be.

A 1A general statement about.the relationship between
(C.10) and (C.6) cannot be made. In other words, we cannot
say & priori whether the price at which MSY is reached will
be higher or lower than the price consistent with the maximum
of the world supply function.




harvested: first, if world yield and world laﬁdings are
equally distributed between regions; secondly, if the ratio
of landings to maximum sustainable yield is the same in all
regions;2 and, finally, if each regions' harvest rate is
"frozen" -~ via regulations maintaining the level of the
permissiblé harvest rate -- at regional MSY. The ultimate
effect of these Pegional~variations is basically an empirical
question. However, it is possible that for ‘some specids the
impact of the spatial dimension could be significant, i.e.,

a considerable difference could arise between MSY and maximum

supply.

What all of this means is that we have assumed that MSY

is reached and then regulations'imposed ad hoc to maintain
Yield at that level. We have thus assumed away regional
problems, or, more to the point, presumed that at best one

of three conditions cited above is met.

2 :

It should be pointed out that the slope of the absolute
supply curve, i.e., Ve T f(pt), does depend upon the absolute
level of base period landings, yj;; however, the elasficity
of supply does not. Thus, the attainment of MSY merely de-
pends upon the assumption that all regional supply curves

have the same elasticity. The formula for the price elasticity
of supply is given by: ' '

ES = 'Pt _dy—t = . P -1,

¢ dp TSN
t BP7Py
~and thus 1is independent of base period landings.
The limite of E, as pt+p* = 0, i.e., when Py

the elasticity of supply is equal to zero.




APPENDIX D

"QUANTITY\ADJUSTMENTS

“A significant feature of the quantity adjustments derived
in chapter six is that they do not critically depend upon
the transformatién made in the total system of cross
partials (i.e., setting %% =-1). This can be demonstrated
rather easily. Given the quantity adjustménts fdr the con-
strained subsectors AXi (i=1, 6) -- determined jointly
by MSY and forecaéted consumption --, the change in either

one of the unconstrained species along the "indifference

curve" is:

as|
RN
>
g
Je
m
(.
~M O
el

(WY
n oy o

.

... .th o |
where»Kij is the 1, j ~substitution effect, Ax7 and A%

are quantity adjustments for Scallops and‘Oysters/Clams re-
- spectively, and rij is the i, jth.glement of substitutioh.

matrix divided by A -, the marginal utility of income. As

long as the AXi'are reliablé; the ‘quantity adjustments for

the unconstrained subsectors will also be reliable.
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Table 3.1

L , Commodity-GbouDings*_

1. All Seafood

2. All Other Food

All Food Purchases Minus Seafood, Minus Alcoholic
Beverages and Tobacco Products

3: All Other Non-Durable Commodities
a. Alcoholic Beverages - | |
b.. Tobacco products
c. Clothing and shoes
d. Gasoline and.oil
e. Other nondurable goods (excluding tobacco products)
Durable goods
a. Autos and parts
b. Furniture. and household equipment
c. Other durable goods |
Services
| Housing
Household operation services
Transportation services

- Other services

Source for categories 3-5: Survey of Current Business,
National Income Issue, July, 1969, p. 49. Seafood
expenditures estimates were obtained from the Bureau of
Commercial Fisheries; category 2 was calculated by
differencing the seafood from the food group. The latter
is also published in the Survey of Current Business.
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Table 3.2

Per Capita Expenditures by Conmodity®

Per cap-
All Other ita exp-
. All Othes Non-durable Durable enditures
Seafood Iood Commoditizs Commodities Services Total
12.2816 337.491 378.84 187.§é6 U69.£é8 . 1385.u8
11.61895 337.251 385.874 209.156 4 502.837 1uu46.75
11.55276 337.661 381.421 202. 527.415 1u460.89
10.79887 341.012 395.204  2u0. ~ 553.908  1541.06
11.18584 348.369 402.458 221. 585.961 1586.52
12.2282 360.99 418.834 238. 613.6u5 644,
12.5854 370.024 422.173 217. 643.334 1665.
12.3955 373.96 441 .392 250. 679.019 1756.
12.1173 377.416 451.031 251. 714,765 1806.
12.5245 381.194 U57.945.  2ul. ~ 737.852  1830.
12.9021 387.232 474,345 266. 769.057 1910.
12,713 392.846 488.291 - 285. 807.928 1987.
12.6887 469.986 512.901 309. . 853.317 2098.
13.3056 429.529 542.946 3L42. 905.358 . 2233.
14.28 455,318 586.613  361.121 -  962.858  2380.

14.6587 458.254  514.028  368.99 1032.0Y 2u87.

Source: Survey of Current Business, and Bureau of Commercial
Fisheries.
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Table 3.3

Price Indices For Five Commodity Groups®

All Other
All Other Non-durable Durable
Year Seafood Food Commodities Commodities Services
1952  .974 .953 .929 .95y .836
1953 .938 .938 938 .943 .877
1954  .943 .936 So.9u5 .929 .900
1955  .g24 922 .oug .919 .920
1956 .923 .929 .967 .949 .9u46
1957  .935 .96 .993 .984 .973
1958 1.000" 1.000 1.000 1.000 1.000
1959 1.018 .98Y 1.012 1.014 1.020
1850 1.02 .995 1.025 1.009 1.058
1961 1.042 1.007 1.031 1.006 ~1.076
1962 1.085 1.017 1.038 1.008 1.090
1963 1.083 1.031 1.048 1.004 1.109
1964 1.058 1.044% - 1.053 1.004 1.131
1965 1.089  1.068 1.068 ~.996 1.151

1966 1.16 1.121 1.09 .987 1.183

1967 1.194 1.13 1.124 1.003 1.221

*Source: For all categories except "Seafood", OBE Implicit Price
Deflators weére used for the relevant price indicators. That
is, for "Durable Commodities", "Services", and "All Other
Food", the deflators were taken‘dlrectly from the Survey of
Current Business (July 1969 and 1970 issues, and National
Income Account Supplement). For the classification, "All
Other Non-Durable Commodities", a weighted average of the in-
dicators of components listed in Table 3.1 (with weights based
upon expenditures in the base year, 1958) was used. Finally,
the "Seafood" price indicator is the BLS estimate of the CPI
for seafood purchases. Although not all seafood commodities
are included in deriving this index, in terms of value it is

a fairly good indicator of the direction of change of total
seafood cost. In other words, the seafood commodities that
are included in the index comprise a fairly large proportion
of the total value of ‘seafood purchases, and thus, over a

long period of time the BLS index would represent a fairly
accurate price index.
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Table 3.4

Major Results Of Time Series Analysis

*
Durbin-
t ratio t ratio Watson .
Commodity b value c¢ value . for b for ¢ sz} Statistic

1. Seafood .002032 =~.067010 1.5933 -1.2242 .889 1.u02 ¥

2. All Other
Food .082021 -.287165 7.6307 - .6224 .995

All Other
Non-durable
Commodities .288561 -3,17945 17.2800 -4.4360

Durable
Commodities' -275104 -4.0u716 8.7782 -3.0088

. Services .352282 7.58079 13.5777 6.8074

Total 1 Totalvou

*—_—————
Following Powell, we define R2y and R2v respectively as:

2
(1.1)' Ry = 1- les,?2
+ it /z

t(Yit)z

(1.2)' R%y 1 -teit R
t E(Vig-T)2
t

*Insignificant at the .05 level, i.e. accept null hypothesis
of no autocorrelation. '

**Sjignificant at the .05 level, i.e. reject null hypothesis
of no positive autocorrelation.




REGRESSION RESULTS FROM CROSS-SECTIONAL STUDY

Table 4.1 Shrimp N~ " Table 4.2 Crabs

Variables Regression ’ T Ratio Variables Regression
Constant . 15422808 . Constant 2.5973228
Family Size .38971170 - . Family Size 51076755
Jewish .39735955 . Jewish : " .29550586
Catholic 2009603 . Catholic . . Y .16485509
Negro 94626299 , . Negro . i 1.0459726
Income .57201015x10"3 . Income .15292862x10"3
Price of Shrimp . 36276636 . Price of Shrimp 1.3957403
Price of Oysters/Clems - 43292527 ' . Price of Oysters/Glams 2.4533307
Price Tuna 2927260 . Price of Tuna .2333h24

. Price Lobsters .49173035 . Price of Lobsters .T9732715

. Price Crabs ' " - .3072934k ‘ . Price of Crabs - . 37532200

. Price of Groundfish - 34823279 . 12. Price of Groundfish .9002643k

. Price Scallops 1.8690439 . Price of Scallops . 1.4914521

. Price Salmon - 1.9728542 . Price of Salmon 1.8757360

R°=.2105 _ : R2=.2896
F(13,131)= F(13,131)=
5.229 4,108
269 observa- 145 observa-
tions tions
*Household *Household
Level Level




1.

*
Table 4.3 Lobsters

Variables

Constant

Family Size

Jewish

Catholic

Negro

Income

Price of Shrimp

frice of Oysters/Clams

Price of Tuna

. Price of Lobsters

. Price of Crabs

. Price of Groundfish
. P:icé of Scallops

. Price of Salmon

. Region 1 (New England)

Regression
1.0561374

2.3567350
12.h§h558

2.6911149
1.07kk2s52

.99434587x10"3

10.3335371

3.5462620
8.14653988
1.4358317
1,0015255
T.2728524
'3.390Lk72
2.3470L48 .

11.783367

R°= .2655

F(14,88) = 2.2712

103 observa-
tions

*Household
Level

REGRESSION RESULTS FROM CROSS-SECTIONAL STUDY

*
Table 4.4 Tuna

Variables

Constant
Family Size
Jewish
Catholic
Negro
Income
Price of Shrimp
Price of Oysters/Clems
Price of Tuna
. Price of Lobsters
. Price of Crabs
. Price of Groundfish
. Price of Séallops
. Price of Salmon

-~

. Region 3 (E. North Central)

Regression
2.1551k27

.53630125
.h.7877022
1.2869883
1.32&2350
.52064527x1073
.29495419
1.3211467
1.4256136
12.2623598
1.2179128
0.65698295
2,6118043
1.3856402
2.7532983

RS = L11kk

F(14,553) =
5.102
568 observa-
tions
*Household
Level




REGRESSION RESULTS FROM CROSS-SECTIONAL STUDY

Table 4.5 . : : Table 4.6 Groundfish

Variables Regression : T Ratio Variables Regression

Constant 3.5728217 1. (Constant ' 3.5728217

. Femily Size 1.303124k o 7.116 . Family Size .87508520 - 6.109
Jewish 1.6826125 1.501 . Jewish .har6207 4. 715
Catholic : .8485319k 1.339 . Catholic .89307483 1.810
Negro 1.6436091 1.186 . Negro 85757961 .8395

3 3.760 . Income _ ‘ .l+822618xlo‘“ - .5901

2

Income o .35369545%10
Price of Shrimp ' .9k772349 .997h. . Price Shrimp ' .20798203x10" .29oux10‘2
Price of Oysters/Clams . 1.4097796 . 2.443 . Price Oysters/Clams .1366709 .799
Price-of Tuna ] 3.5008448 3.118 . Price Tuna .33975922 .3528
. Price of Lobsters - 1.5162591 2.446 . Price Lobsters .91863856
. Price of Crabs 2.5926624 - 3.485 . Price Crabs .62263491
Price of Groundfish .083418719 1802 . Price Groundfish .2835866M4
. Price of Scallops . 2.6179570 1.806 . Price Scallops ’ .53539537
. Price of Salmon . 1.9080569 2.21k . Price Salmon 1.2849187
. Région 6 (E. South Central) L. 3450070 3.681 A
R%= .1648 . R2= .122k4
F(1k,649)= - F(13,686)=
9.1k7 7.363
664 observa- 700 observa-
tions : : tions

*Household ' v *Household
Level Level




REGRESSION RESULTS FROM CROSS-SECTIONAL STUDY

Table 4.7 Scallops o Table 4.8 Oy’s‘cers/Clams)e

Variables ' Regression. ) Variables Regression

O O N O M F w.Mn

=
o

Constant
Family Size
Jewish
Catholic
Negro
Income

Price of Shrimp

Price of Oysters/Clams

Price of Tuna

. Price of Lobsters

Price of Crabs

. Price of Groundfish

: Price of Scallops

. Price of Salmon

. Region 1 (New England)

. Region 3 (E. North Central)
. Region 4 (W. North Central)
. Region 5 (South Atlantic)

. Region 6 (E. South Central)
. Region T (W. South Central)

. Region 8 (Mountain)

.75990320x10™2

.10408690x10™2
.55673546x10"°
.24893807x10™2
.010530830
.22100ua9x10‘h
.24718550
.14102436
90205951
.064512793
31757226
25461606
. 31067389
.23483592
.57676508
.09243342k
35238189
.14h91541

. 33413667
.20323267
.42891991

R®=.5200

F(EO: 38)=

. 2.058

59 observations
*Group Data

Constant

Family Size

Jewish

Catholic

Negro

Income

Price of Shrimp

Price of Oysters/Clams

Price of Tuna

. Price of Lobsters

. Price of Crabs

. Price of Groundfish

. Price of Scallops

. Price of Salmon -~

. Region 3 (E. North Central)
. Region 4 (W. North Central)
. Region 6 (E. South Central)

.69186598
.16764543x1072
.011206073

.6288080kx10"2

.012111786

.19h0h9h9x10-h

.22734418
082459048
9810963
.10145901
.22149882
.22328715
.1489L086
.30010058
.52994178
.140008992

1.113082k

R-. k36

F(16,54)=
2.690

*¥Group Data
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Quantity
of

Species i

Shrimp
Crabs
Lobsters
Salmon

Ground-
fish

Scallops

Oysters/
__Clams

Shrimp

- 2.42817

-13.1687

-10.0872
1.26434

- 1.92511

- .338833

1.82519

5.24731

Crabs

-13.1687

.138761

1.09809

1.18895

2.53176

.879372

1.45636

2.39562

MATRIX OF SUBSTITUTION EFFECTS

Price of Species j

Lobsters
-10.0872
1.09809
- 2.28779
12.143

- 1.48086

7.10357

.0631106

3.46332

Tuna

1.26434

-1.18895

12,143

-2.13379

1.12462

.331929

 2.55043

1.93449

Salmon
1.92511
2.53176

- 1.48086

-15.4262

2.55616

1.37634

Ground-
fish

- .338838

.879372

7.10357

.331929

-15.4262

- 1.75351

1.51056

1.10992

Scéllogs

1.82519

1.45636
.0631106

2.55043

2.55616

1.51056

.617979

-11.8038

Oysters/
Clams

5.24731
2.39562
3.46332
1.93449

1.37634

1.10992

-11.8038

- .520134




Table 4.12

MATRIX OF PRICE DERIVATIVES

Price of Species j

Quantity
of

Species i

Shrimp

Crabs
Lobsters
Tuna
Salmon

Ground-
" fish-

Scallops

Oysters/
Clams

Shrimp

-2.4298

-13.1691-

-10.0901

1.26285

-1.9241

-.338971

1.82513

5.24726

Crabs

-13.169

-.13884
1.09757
-1.18922

-2.53158

.879347

1.45635

2.39561

Lobsters

-10.0877

1.09795
-2.28869
12.1425

-1.48053

7.10353

.0630904

3.4633

Tuna
1.26227
-1.1895
12.1394
-2.13568

1.1259

.331754

2.55035

1.93442

Salmon

-1.92637

-2.5321

-1.48304

1.12347

-.272588

-15.4263

2.55611

1.3763

Ground-
fish

-.340028
.879053

7.10149
.330842

-15.4254

-1.75361

©1.51052

1.10988

Scallops

1.82501

1.45631
.0627888

2.55027

2.55627

1.51055

-.617987

-11.8038

Oysters/
_Clams

5f24696
2.39553
3.46271
1.93417

1.37656

1.10989

-11.8038

-.520146
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Table 4.13A

' MATRIX OF PRICE ELASTICITIES *

Price of Species j

-Quantity L -
- of D o . ) . Ground - Oysters/
Species 1 Shrimp Crabs Lobsters Tuna Salmon fish Scallops: Clams

Shrimp" ': -.852202 -4.61876 -3.53805 .442715 -.675635 -.119258 .640085 .1.84026-

crabs -25.4469 -.268283 2.12159 -2.2985 -4.89283 1.69861 2.81406 . 4.62893

" Lobsters -11.1114 1.20866 —2.52034 13.3681 -1.63315 7.82027 .069144 3.81319
Tuna - .349547 -.329166 " 3.36095 -.591139 .310967 9.15744x10-2 .705894 :535363

Salmon -.8797 -1.15744 -.6769 .514762 -.124627 -7.05251 1.16873 .629364

Ground -
- fish -.162981 .422801 3.41546 .159511 -7.41715 -.843157 .726291 .533649

Scallops 5.66415 4.51967 .195796 7.91482 7.93269 4.68778 -1.91788 -36.6322

Oysters/ Lo
Clams 8.52996 3.89431 5.62995 ’ 2.,23732 1.80422 -19.1883 -.845551

*
Footnotes are explained in Supplemental Table 4.13B.




Table 4.14

MATRIX OF ELASTICITIES OF SUBSTITUTION

3

Quantity X
of » Ground- Oysters/
Species i Shrimp Crabs Lobsters Tuna . Salmon fish Scallops Clams

Shrimp -545.534 -16300.2 -7115.63 224.175 -563.81 -104.359 3628.44 5464 .14

Crabs -16300.2 -946.29 4267.64 -1161.43 —4085;14 1492.2 15951. . 13743.9
Lobsters -7115.63 4267.64 -5067.09 6760.05 -1361.73 6869 .46 393.925 11323.4
Tuna 224.175 -1161.43 6760.05 -298.577 259.935 80.6812 4001.35 1589.76
. Salmon - -563;81 ,ﬂ-—4085.l4 ;1361.73 259.935 —104;365 -6193.55 6624 .22 1868.3

Ground-
fish -104.359 1492.2 6869.46 80.6812 -6193.55 -740.385 4116.73 1584.46

Scallops 3628.44 15951. ‘ 393.925 4001.35 6624.22 4116 .73 -10870.6 ~-108762.
Oysters/

Clams 5464.14 13743.9 11323.4 1589.76 1868.3 1584.46 -108762. -2510.4

~




Table 4.15"

MATRIX OF LINEAR PRICE COEFFICIENTS (RESTRICTED)

Price of Species j

Expenditures
of .
Species 1
Shrimp
Crabs
Lobsters
Tuna
Salmon
Groundfiéﬁ;
Scalldps

Oysters/
Clams

Shrimp

362769
~13.4869
-10.3336

©1.29332
-1.97053

-.34715

1.86917 .

5.37388

Crabs

-13.4868
.375322
1.12405
-1.21792
-2.59267
.900566

1.49149

12.45342

Lobsters

-10.3311

1.12444
-1.43583
12,4355
-1.51626

7.27494

Tuna

1.29273
-1.2182
12.4323

1.42561

1.15307

.339759

6.46128x10~2 2.61189

3.54687

1.9811

Salmon

-1.97285

-2.5932
-1.51883
1.15058

1.90806

-15.7985

2.61779

1.40951

Ground-
fish

" -.348233 °

.900265
7.27285
.338825
-15.7976
.283889

1.54697

.1.13666

"Scallops

1.86905
1.49145
6.43039x10"
2.61181
2.61795
1.547

-.310674

-12.0886

2

Oysters/
Clams
5.37357
2.45333
3.54627
1.98084
1.40978
1.13667

-12.0886

8.24592x10

2




Table 5.3

MATRIX OF FORECASTED PER CAPITA SEAFUOD EXPENDITURE

Species

Shrimp

Scallops

Oysters & Clams

3.55799
379602
L.02057
L.26183
14.99587

Crabs. Tobsters Tona Salmon Groundfish
607129 1.7720L 2.50763 2.3h0LL 1.L47LL8
610361 2.216l5 2.72056 2.1261 1.145655
«669992 2.637LL 2.92123 1.92009 1.L37L8

. 704088 3.087L7 3.13709 1.70375 1.41982

.298867
268167
236916
206371

.154938

.80622)
"o 774207
-741733
709825
654542

.83952) by 12175 3.79776 1.11555 1.4057

Table 5.L

DEFLATED MATRIX OF FORECASTED PER CAPITA SEAFOOD EXPENDITURES

Species

Shrimp

Crabs Lobsters Tuna Salmon Groundfish

. Scallops

Oysters & Clams

3eli7402
" 3.706L3
3.92569
Le16125
L. 87796

.5928 1.73022 2.1,18L5 2.28521 1.143968
.62521,8 PREEN 2.65635 2.07592 1.12217
5UI 245752 2.85228 1.87477 1.1,0355
687471 3.0146 - 3.,06306 1.6635L 1138631
.819711 1.32032 3.70813 1.08922 1.37253

+29181); .

261838
+23135L
+201501

.151282

787197
+ 755936
. 7244228
693073
639095




Table 5.6

PER_CAPITA CONSUMPTION IN POUNDS

Species

Shrimp

Crabs

Lobsters

Tuna_

Salmon

Groundfish

Scallops

Oysters & Clams

1.15511

. 1.23239
1.30529-

1.38362
1.62192

.18581;3
+196015
+205085
.215522
+256979

-245691
.307308
+365678
.L2807L
6131186

2.09563
2.27357
2.4l127
2,62167
3.17379

© 3.13102
2,816l
2.569
2.27955
1.49256

2.19048 -
2.1638
2,13551
2.10927
2.0883

«0236369
.0212089
.0187397
.0163215
.6122538

14480978
461877
1112503
123068
3.90487

L2166
.2l125
«06522
-.10370
-.119586

MATRIX OF MAXTMUM ATTAINABLE CONSUMPTION MINUS PROJECTED PER CAPITA CONSUMPTION (IN POUNDS)

«123L77
.092526
«063261
.035086
-.036496

L5047
.337029
.233563
131557
—;121127

1.67391
1.24227)
.8289)
.13238

-.118686

=2.927334
-2.65426)
~243919L8
-2.114201

-1.3L7087

-.30081
-.J0111
-.19615
-.57827
-.74187




CHANGE IN ESTIMATED PARAMETERS FROM ITERATION TO ITERATION

Table B.1

Iteration #

..13

1

2 ' ~ -.00201570

11

12

~ 1k

1.
2,
3.

15
16
17
18

Seafood

.0020286k
.0020311k -
.00203160
.00203190
.00203184
.00203188
.00203186
.00203182
.00203180
.00203180
.00203181
00203183
.00203182
.00203203
00203186

.09203198

A1l other food
Other non-durables

0819943
.0820221
.0820193
.0820157
.0820238
.0820202
.0820217
.0820205
.0820192
.0820183
.0820181
©.0820188
0820193
.082619
.082028 .
.0820209

.0820259

Durables
Services

.288L23
.288578
.28856
.288557
.288567
.28856
.288563
.288561
.28856
.28856
.28856
.288561
.288561
.288561
.288571
.28856
.288567

By,

.275435
.27506k
.275111
.275116
.275092
.275107
.2751

.27510k
.275107
.275109
.275109
.275107
.275105
275107
275082
.275108
.275089

. 35213200
.35230726
.35227856
.35227970
.35228530
. 35228096
.35228342
.3522826k
.35228198
.35228090
.35228092
.35228139
35228287
.35228113
.35228697
.3522792k4
.35228612

_.0665606
.066901
066988k
.0670019
.067011k
.0670099
.0670109
.0670103
.0670092
.0670085
.0670083
.0670088
.067009%
.0670091
.0670157
.0670107

.0670139

.289285
.286846
.287148
.28692k
.287293
.2871§h
.287204
.287159
.287092
.2870LT
-.287036
-j28707v
-.287098
-.287081
-.2875 -
-.287193
-.287h

-L.ok6k9

-4 . 0kT59
-b.ok715
-L.ok707
-4.04731
-k.obk715
-k.0k722
-L.ob717
-k.okT15
-4.04715
-L.ok715
-l4.04T16
=k, ohkT17

'-h.oh713
h.ol73e
-h.0h711

-h.6h731 .

7

7
T
T
T
T
T
T
T
T.
T
T
T
T
T
T
T

.5878356
579937

.5808364
.5800759
581374k
.5807239
.5809949
.5807893
.5805912
5805055

.5804843
.5805888

.. 58067 Tl

.5805801

5819957

.5807537
.581539




:
ITERATION

CONVERGENCE PATH OF )\




Table 4.1

Variables

Constant

‘Family Size

Jewish

Catholic

Negro

Income

Price

Price

Price.

. Price
. Price
. Pricé
. Price

. P:icé

of
of
of
of
of
of
of

of

Shrimp
Oysters/Clams
Tuna

Lobsters
Crabs
Groundfish
Scallops

Salmon

*
Shrimp

Regression

. 15422808

.38971170 -

-39735955
.20096034
.94626299

.57201015x10"3

. 36276636
13292527
.2927260
49173035
3072934k
.34823279
1.8690439

-- 1.972854k2

R°=.2105
F(13,131)=
5.229
269 observa-
tions
*Household
Level

REGRESSION RESULTS FROM CROSS-SECTIONAL STUDY

T Ratio

- 1.996
.2346
.3430
.8803

5.337
.T522
.69kk

1.133
.9758

- .5&68

- .7025

1.612

- 2.047

4,2 Crabs®

Table

Variables

Constant

Family Size

Jéwish
Catholic
Negro
Income
Price of
Price of

Price

. Price

. Price

. Price

. Price

. Price’

Shrimp
Oysters/Clams
Tuna

Lobsters
Cré;s
Groundfish
Scallops

Salmon
~

Regression

2.5973228
51076755
.29550586
.16485509

1.0459726

.15292862x10"3

1.3957k403
2.4533307
.2333424
.T9732715
37532200
90026434
1.h4914521
1.8757360

R°=.2896

F(13,131)=
4,108

145 observa-
tions

*Household
Level










