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ABSTRACT

The principal objectives of this study
were to isclate and identify the factors
governing the demand for domestically pro-
duced rainbow trout in a Tepresentative West
Coast market--the greater Los Angeles Area--
and assess the impact (if any) of the intro-
duction of pan-size salmon on that demand.
The report begins with some observations on
the development of salmonid aquaculture and
then turns to a discussion of the Los Angeles
market for rainbow trout. The approach taken
in the demand portion of the study was to
identify thase variables hypothesized to
determine supply and demand for rainbow
trout. Several testable hypotheses concern-
ing the anticipated relations were specified.
It was hypothesized that a negative relation-
ship exists between the price of trout at
the brokerage level and the quantity demanded
at that level. That is, as the price of
aquaculturally produced rainbow trout con-
fronting the wholesale buyer at the brokerage
level increases, one would expect him to
substitute away from the domestic trout,
thus reducing the yuantity of that product
demanded from the broker, ceteris paribus.
Conversely, the price of trout at the whole-
sale level was hypothesized to be positively
correlated with the quantity of trout demanded
at the brokerage level. This implies that,
as the price of domestic trout which retail-
ers are willing to pay their wholesaler in-
creases, the wholesiler would be expected to
demand greater quantities of trout from his
broker(s), ceteris paribus. Based on this
hypothesis, the signs on the coefficients
of variasbles accounting for wholesale prices
at the brokerage level would be positive,

For example, if the price the wholesaler
could command from his retail customers for
substitute items such as salmon, halibut,
sole, etc. were to increase, the wholesaie
buyer would find it to his advantage to
shift his purchases to those products while
cutting back his demand for domestically
produced trout at the brokerage level,
ceteris paribue. If on the other hand, the
wholesale buyer faced increased prices for
those substitute items from his broker, one
would expect him to reduce his demand for



those items and increase his purchases of
domestic rainbow trout. Tt was hypothesized
that Japanese and domestic trout are substi-
tutes in consumption and, thus, that the
presence of Japanese trout in the market
place would have a negative impact on the
quantity of domestically produced trout
demanded. TPersonal disposable income was
hypothesized to be positively correlated
with the quantity of trout demanded. That
is, as personal income increased, so would
the consumption of domestically produced
rainbow trout, ceteris paribus. Expecta-
tions were that seasonal factors (holidays,
for example) tend to cause trout demand to
fluctuate cyclically.

An econometric simultaneous eguations
model was specified from which estimates of
the parameters of the demand equation were
cbtained using two-stage least squares
techniques.* A recognition of the limita-
tions associated with the available data set
necessitates the emphasizing of the prelimi-
nary nature of these results.

Date on quantities and prices of rainbow
trout and equivalent price serics for hypo-
thesized substitutes were obtained through
personal interviews with market participants
and close ohservers thereof.

The results of the study, while prelimi-
nary, tend to support the original set of
hypotheses concerning the interrelationships
between the guantity of domestic trout de-
manded and its associated market prices,
the prices of close substitutes and scasonal
fluctuations in demand. Somewhat unexpec-
tedlv, the research seems to have uncovered
a negative income/demand relationship for
rainbow trout. It raises some interesting
questions which might best be addressed in
terms of hypotheses for future analysis.

INTRODUCTICN

The oceans have long provided a rich and
varied source of food protein for human con-
sumption. Under the dual burden of exploding

*The econometric portioﬁ of this paper was
presented at the 1976 meetings of the North-
west Fish {ulture Conference.

population growth uand sn increasing global
demand for animal protein sources in the
diet, the struggle over distribution and ex-
ploitation of this common property resource--
the sea and its organisms--has taken on new
dimensions in recent years. The complexities
of internativnal manugement of several eco-
nemically important specics have been asso-
ciated with serious depletion of natural
stocks. As a result, numerous alternative
techniques for either supplementing naturally
occurring populations or propagating and
rearing to maturity aquatic organisms in
artificial cmvironments have received pri-
ority attention. Of these twao basic supple-
mental strategies just identified, this
analysis focuses principally upon the latter,
which is commonly referred to as aguaculture,

For the purposes of this study, the term
aquaculture is intended to describe the fish
culture technique wherein an organism is
hatched, reared, and ultimately harvested
under the constant contro) and management of
a production facility's staff. In the case
of ,salmon, the fish remain as private prop-
erty on the farm site throughout their
lives, thus aveiding loss through predation
from natural sources and commercial fishing.
In additien, this high-density impoundment
technique theoretically can provide a con-
tinuously harvestable stock of marketable
product, and a uniformity of produce size
and quality lacking in commercially harvested
ocean runs. This latter point is of partic-
ular importance to the institutional-res-
taurant trade, which accounts for a very
significant portion of the total demand.

Salmonid aquaculture is not 2 new phenom-
enon in this country. Trout have heen reared
in closely managed environments for more than
100 years and the first trout farm in the
Northwest was establiished in 1909 (Klont:z
and King 1975). However, for anadromous
species, the concept of intensively managed
food fish production is a relatively new
development because technical ard political
barriers have only recently been overcome.
The first commercial salmon production
operation began in Puget Sound. By the
spring of 1872 the initial crop of mini, or
pan-size, salmon was harvested, This
raising of mini salmon under controlled con-
ditions was both a biological and marketing
experiment. Chinook and cohe species were
reared under clese supervision te a stage
of development which, it was kypothesized,
would incorporate the advantages of z single
serving fish tike the trout and yet retain
the highly desirable taste and color traits
of the much larger mature salmon. The ex-
periment created encugh interest so that by
the early 1970s pan-size salmon production



o salmon., That is, by examining:

facilities had appeared in Oregon, ldaho,
and Canada a5 well as several additional
sites in Washington [(Branrnon 1973)., lnves-
tors included large national and multi-
national corporations such as Union Carbide,
Ralston-Purina and Weverhaeuser; fishermen's
cooperatives; and severul consolidated
[ndian tribes (Deloria 1973).

By the summer of 1475, considerable in-
terest in the market potentisl of pan-size
salmon had surfaced. Several early efforts
had been made to appraise consumer response
to pan-size salmen'’s arrival in the market.
However, owing to the lack of available
data on actudl market performance, these
tended to take the form of non-quantitative,
opinicn, or taste-panel evaluation surveys.
The results of these murket surveys genera-
ted an atmosphere of guarded optimism with
regard to the new industry's future. By
July of 1475, when the present study was
being considered, it was supposed that
sufficient data to Jo a preliminary gquanti-
tative analysis of the pan-size salmon
market could be compiled. After consider-
able effort i1t became uppurent that this
supposition was incorrect. However, during
this unsuccessful data collection effort,
it hecame clear that, at least in the minds
of industry membhers, rainbow trout was the
Closest potential substitute in consumption
for the new product in the market place.
Thus, 1t was hypothesized, the forces gov-
erning the muarket hchavior of rainbow trout
were similar to those counfronting pan-size
{a) the
sensitivity of consumer purchases of rainbow
trout to changes in the price of rainbow
trout, (b) changes in the prices of ualterna-
tive food items hypothesized to he close
substitutes in consumption for rainbow
trout, and (¢) changes in personal disposa-
ble income levels, one might predict the
probablc market response to the presence of
pan-sizc salmon, andfor variation in any of
the demund parameters. It was within this
framework that this preliminary analysis of
the demand for pan-size salmon shifted its
focus to the demand for domestic rainbow
trout, and the impact, if any, of the
arrival of pan-size sulmop in the market
place on that demand, During the investi-
gative stage of the study another develop-
ment took place. Firms which had been
marketing pan-size salmon began to have
second thoughts, Pan-size salmon sales de-
clined. wWhen interviewed about the under-
lying causes of this decline, marketing
managers and others close to the industry
indicated that they believed consumers were
treating pan-size salmon and trout as close
substitutes. Salmon could not compete
successfully with trout because of the lower

unit price associated with the latter. This
provided additional impetus for exploring
the degrec of substitution in demand hetween
the two goods.

Because trout have been aquaculturally
produced and marketed in the United States
for more than 100 years (Klontz and King
1975), it was zssumed that daty on the
product's market performance would be avail-
able und that some quantitative demand
analysis on trout probably had been done.
After an exhuaustive search it became clear
that neither assumption was correct.

An in-depth historical survey of the
trout aquaculture industry is beyond the
scope of this ihvestigation. However, Klontz
and King (1975) have produced an excellent
compendium of aquaculture in the United
States.  For clarity's sake, however, a few
highlights of the character of that industry
must be identified,

Tdaho is responsible for 90 percent of
the nation's total food fish production of
rainbow trout. There are 14 independent
companies and 28 production facilities in
the state. The industry is dominated by
three major integrated operations accounting
for more that 80 percent of the total output,
The industry might best be characterized,
historically, in terms of intense, personal
rivalries. FEven in the hest of circumstances
highly priced-competitive behavior, des-
cribed by one industry member as "absolute
cutthroat marketing,' has been the keynote
of Idaho trout aquaculture, Every effort at
cooperutive interaction among industry
members has resulted in disharmony and mis-
trust. Not surprisingly, demand analwvsis
and market research have received little or
no attention and support as a result of ap-
prehension on the part of producers at re-
veagling accurate, detailed production and
shipment information.

In spite of this general air of mistrust
within the aquaculture industry in Idaho,
Lhere has heen a growing recognition of the
need for market research and demand analysis
on the part of industry members. This
realization contributed sufficient inrcads
to provide at least an interested and, to
Some extent, cooperative group of aquacui-
turalists to whom the project proposal was
presented. Some limited production data
were provided in confidence and thus are
not reported here. In addition, general
informatien on the character and capacity
of the major ldaho trout production faciyi-
ties and the associated sales and distribu-~
tion networks of each were obtained Tthrough
personal interview.



These preliminary explorations led to
the decision to focus the analysis on the
Les Angeles metropolitan market. This
selection was made in light of information
which indicated Los Angeles represented the
distribution network within which rainbow
trout, ocean-caught salmon, and pan-size
salmon had been most consistently available
over the longest continuous time span.
Further, the Los Angeles market is relative-
iy free of distorting influences believed
to be associated with other west coast mar-
kets, such as ready availability of trout
and/or salmon sport fisheries or z histori-
cal reputation ftor absorbing excess supplies
of fish products. Time snd resource limita-
tions prevluded consideration of other sig-
nificant markets in the Rocky Mountain
states, Midwest, or East Coast. Preliminary
contacts were made with brokerage firms in
the Los Angeles market that represent the
major Idaho trout producers. While the
project’s reception was mixed, several
brokers expressed interest in the analysis
and were willing to provide access to
sales records. Some data were immediately
made available while other brokers indica-
ted they would require permission from their
idaho clients beforc releasing the informa-
tion on shipments. Some brokers were in-
strumental in providing lists of distribu-
tors of rainbow trout whao, it was felt,
could provide further data on the movement
of the product in the Los Angeles area.
Subsequently, several wholesale companies
did provide sales and shipments information
for use in this analysis. They were also
very helpful in suggesting apparent substi-
tutional relationships among fisheries
products. Sales information on both prices
and quantities of scveral popular fish
products competing with rainbow trout in
the Los Angeles market, including pan-size
salmon, was made availabte to the research-
€rs.

THFE LOS ANGELES MARKET

The Los Angeles distribution network for
rainbow trout can be viewed in terms of
seven distinct divisions of activity. The
first or primary supplier is the produocer/
processor. At least in Los Angeles this
group is dominated by Idaho suppliers. The
second link in the marketing chain is the
broker, followed immediately by the whole-
saler. Wholesalers distribute most of the
preduct to the fourth stage, the institution-
restaurant sector. Some small percentage
of the totai domestically produced rainbow
trout moving through the system finds its
way into retail market outlets. However,
indications are that this retail market is
dominated by trout imported from Japan,

6

Beyond this primary network there exists a
secondary avenuc¢ through which damestic
rainbow trout arc distributed to Los Angeles
retail market outlets, This function is
performed by food chain buyers who purchase
in bullk directly from producers and then
supply their affiliated retailers in Los
Angeles.

The seventh and final 1ink in the distri-
butional chain is the buying public. The
complete network and its interrelatienships
is represented as in Fig. 1.

Froducer /Processon

The producer/processor, as discussed
earlier, serves the dual function of propa-
gating and rearing the fish to marketable
size, then harvesting and processing the
animal into a finished product ready for
distribution. The ldaho Rainbow Trout
Industry is expected to producc 39 million‘v//
pounds of food fish and contribute §50
million to the state's economy by 1980 ac-
carding to Dr. Ceorge Klontz of the Univer-
sity of Idaho. The state's production
facilities serve, for all practical purposes,
as the exclusive continuous supplier of
domestically produced rainbow trout to Los
Angeles. *

*For the sake of accuracy it should be
noted that rainbow trout are produced in
relatively significant numbers in Montana,
Colorado, and Wyoming. Several other wostern
states have production facilities but do not
produce sufficient quantities of product to
merit attention. However the volume of ont-
put of all of the above-mentioned producers
is 50 minor when compared to the Idahe in-
dustry's production that for purposcs of this
analysis the term "Idaho rainbew trout” will')
be used interchangcably with the term 2
"domestically produced rainbow trout," 4
Conservative estimates of Idaho's deminance
of the industry put the portion of total
national production of rainbow trout Teared
and harvested in [daho at 90-95 percent
(Klontz and King 1975}. The proportion of
domestically produced rainbow trout distri-
buted in the L.A. market originating in
Idaho is even higher. Therefore, no
attempt will be made to differentiate be-
tween Idaho, Montana, Colerade, and Wyoming
trout entering L.A. The volume of non-
Idahoan, but domestically produced, trout
has historically been very insignificant
when they appeared at all, at least over
the period observed in this analysis,
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Broker

The broker, as defined by the National
Food Brokers Assoclation, scrves as Man
independent sales agent. who performs the
services of negotiating the sale of food
and/or procery products for, and on account
of, the seller as principal, and who is not
employed or established by, nor an affiliate
or suhsidiary of, any trade huyer, and
whose compensation is a commission or
brokerage paid by the seller."” {{0'Rourke
and Deloach 1971). Characteristic of the

J/ios Angeles brokerage network, the broker
does not usually take title to, or posses-
sion of, the product. Brokers serve 1o
facilitate communication between buvers and
sellers. Recent indications are that some
producers are in the prucess of securing
their own sales staff, thus bypassing the
broker altogether. However, during the
period under investigation the broker
served as the link between producer and
wholesale distributor in los Angeles.

lzgaler

The wholesale segment of the Los Angeles
distribution network for rainbow trout
tends to contain more participants than
does the brokerage sector. Brokers typ-
ically maintain a onc-to-one long-term
relationship with a particular producer.
The wholesaler, on the other hand, has
characteristically shifted suppliers (pro-
ducers/processars) over time. llowever,
generally speaking, the whelesaler tends to
market only a single supplier's product at
any one time.

Fetullar

The wholesaler is responsible for the
distribution of the product to the retail
level. In the case of Los Angeles, rainbow
trout from domestic farms arc almost exclu-
sively destined fur the restaurant-institu-
tion market. Approximately 95 percent of
the domestically produced rainbow trout
entering the Los Angeles distribution net-
work arc consumed by the institutional-
restaurant trade {Queirolo 1577).

The retail level in the Los Angeles

market has two distinctly different segments.

As just mentioned, the majority of the do-
mestically produced product finds its way
inty institutions and restaurants, This
tends to he the case apparently due to the

higher gquality anrd uniformity of the domes-
tic product when compured to the imported
trout available in the market. liowever,
accompanying this relative advantage in
product quality, the domestic rainbow trout
are consistently higher priced per umit than_/’
the Japanese fish. This price advantage
enjoyed by the imported product has re-
sulted in the dominance of the over-
the-counter trade hy the Japanese product.
While some domestic product ultimately finds
its way through the primary distribution
network to the retail outlet meat counter,
the percentage is not great, Perhaps, as
indicated earlier, no more than five percent
of the total shipment of rainbow trout
entering Los Angeles reaches the consumer in
this manner.

Some relatively significant numbers of
domestic rainbow trout bypass the primary
distribution network just described and

arrive at the over-the-counter retail outlet w

via buyers. These buyers are employed by
individual chain outlets such as Safeway,
Inc, and A. & P. They serve as both brokers
and wholesalers for their particular chain
outlets in a region, buying in volume and
distributing the product to esch affiliate
as demand for the product dictates. The
volume of domestic rainbow trout moving
through this secondary network has histori-
cally been relatively minor when compared to
that of the primary distributional web or
the volume of imported trout marketed at this
"over-the-counter™ level. Very recently,
however, U.S. importation of foreign-produced
trout has been declining as a result of in-
created demand for trout in Japan and Eurape,
Therefore it would appear reasonable to
assume that some market adjustment in the
distribution of the domestic product in
response to the void created by reduced im-
ported supplies may be inevitable. At the
very least, it bears close observation in
any future analytical research on this
subject.

Conswner

The dimensions of the final consumption
market in the Los Angeles Standard Consoli-
dated Statistical Arca (LASCSA), as defined
by the U.S5. Bureau of Census, are substan-
tial. For the purposes of this analysis
the total population of the LASCSA can be
viewed as representing the latent market
fuced by suppliers of rainbow trout. The
Department of Commerce, Bureau of the
Census, placed the population of this region



in excess of 1 million in 1975 with an
adjusted gross income of over 40 hillion
dollars.*®

THE MODEL

As indicated earlier, the emphasis of

this study was to examine the naturc of the
“demand for rainbow trout. Of particular
interest was the influence of changes in
prices, incomes and the appearance of pan-
size salmon on the quantity of troat de-
manded. For reasoms already discussed, the
l.os Angeles market wis chosen as the area
in which to conduct the analysis,

The market network was statistically
approximated by the use of #n econometric
simultaneous equations model. The demand
equiation at the wholesale level was quanti -
tatively estimated using two-stage least
squares techniques. The wholesale level
was selected because there were fewer gaps
in the data at this level than at the retail
level, The results of the regression are
teported below and the interested reader
is encouraged to explore this somewhat more
technically detailed section. However, for
the reader who is not familiar with, or
particvularly interested in, the statistical
technigue for the derivation of an econo-
metric model and its coefficients, there
would be no loss of continuity if he(she)
chose to proceed, at this point, to page 11.

The economic model developed in an at-
tempt to approximate the wholesale level of
the los Angeles distributional network for
rainbhow trout is specified as follows:

(1) QNtIN L , prt , prms . pwlrgt,
d t b w1 bt

prPss

D ime
¥eal 2 P50 D“'(Y/S)t' by

(2) (Q:t/N)t : P‘;t , pg“yt , T

*The adjusted gross income figure is for
1973, the most recent available. The source
for this and the population figure cited
above is The California Statistical Abstract,
Californla Department of Finance, 1975, p. 7.

and assumes the identity,

wt, ) _ f.wt fesat
(3)@1 /9,( = @S /!91_ =<Q "91

where the colon is read '"depends on'’, a comma
is read "“and", (Foote 1958} and the variables
are defined as follows:

Wt _
Q @t
price of rainbow trout from broker

t 1o wholesaler in time t. This
price is assumed to be endopenocus.
It is hypothesized to be negative-
ly related to the quantity demsnded
by wholesalers in this model and
positively related to quantity
supplied to wholesalers.

quantity of rainbow trout demanded
at the wholesale level, per capita,
in time t.

Tt

w price of rainbow trout from whole-

t-1
is hypothesized to be an important
explanatory variable in the simul-
taneous determination of

Wt t
(Qd /.\Qt and I‘g . The argument

follows from thé proposition that
the price received in the latest
preceding period, i.e., t-1, will
contribute to the determination of
demand for rainbow trout in time t.
Thus Pit

t-1
variable owing to the lap. It is
hypothesized to he positively re-
lated to the "quantity demanded"
variable.

becomes a predetermined

Tms

“e-1

s price of medium-sized salmon,
whoiesaler, to retailer, in time
t-1. Medium salmon is hypothesized
to be a close substitute in con-
sumption for rainbow trout and,
thus, to be negatively related to
the quantity of trout demanded.
That is, as the price wholesalers
receive for medium salmon increases,
they arc expected to demand a
smaller quantity of rainbow trout.
Again this variable is lagged to
account for the most recent

sale to retail in time t-1. This price
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historical price information
available to the wholesaler
when he makes his current
buying decisions.

price of "large'" trout from
broker to wholesaler in time t.
Because this appears to be de-
termined in the "retail out-
lets™ market, it is treated
expogenously in this model. It
is hypothesized to be positively
related to the quantity of rain-
bow trout demanded.

price of pan-size salmon from
wholesaler to retailers., The
argument for the inclusion of
this variable is identical to

that made above for P:ms' It,

too, is hypothesized to be nega-
tively related to the quantity
of trout demanded.

per capita real perscnal dispos-
able incvome fer the Los Angeles
SCSA in time v, This variable
is assumed to be exogenously
determined. It is hypothesized
to account for demand-determin-
ing forces resulting from gen-
¢ral economic conditions and to
be positively related to the
quantity of rainbow trout demand-
ed.

4 binary varijable included in
the demand equation to reflect
the potential influence of
Japanese trout, as a demand
shifter, upon total quantities
of domestic rainbow trout moving
through the Los Angeles market
in time t. Its coefficient is
hypothesized to be negative.

= & series of binary variables

intended to detect any signifi-
cant seasonal shift in demand
On a quarterly basis, Several
preceding studies on scafood
demand have tentatively identi-
fied seasonal fluctuations in
demand owing to, it has been
hypothesized, such factors as
religious holidays, traditional
non-seafood main course dishes,
i.e., Thanksgiving turkey,
Christmas ham, etc. Industry
sources, interviewed during this
analysis, are divided as to the
significance and timing of such

sedszonel shifts in demand for
rainbow trout. Tt would seem,
therefore, to be 4 natural
hypothesis to investigate.

Equation (1}, then, is the per capita de-
mand equation for rainbow trout in the Los
Angeles wholesale market,

Equation (2}, the supply eguation, con-

. . L wt
tains, in addition to Pb :
t

wt . .
Qq /N ¢ = quantity of rainbow trout supplicd
’ to brokers for sale to Los Angelces
wholesalers in time t. The wvari-

able is expressed in per capita
terms.

wnyt
p
b

price of Tainbow trout from broker
t-1 to wholesaler in time t-1 for the
Fulton Fish Market, New York,

The variable is hypothesized to
aceount for shifts in supply re-
sulting from vsriation in the price
of rainhow trout in alternative
markets. Thus, the sign of its
estimated coefficient is expected
to be megative.

T = variable "time" accounting for
supply shifters not otherwise
ohservable given the available
data.

All prices are deflated by the Wholcsale
Price Index for farm products, processed
foods, and feeds, U.S5. Bureau of Labor Sta-
tistics. Income, Y, is defliated by the
Consumer Price Index, U.S. Bureau of Fconomic
Analysis., The variable Nt is the population

of the Los Angeles SCSA, in time t, as re-
ported by the U.S. Burcau of the Census.

total
The identity Q:tm W - QtFout )

specified an equilibrium condition in which
quantities supplies are exactly equal to
quantities demanded, i.e., it is assumed that
there are no inventorics held at the broker-
age, wholesale, or retail levels in this
market, at least for lomger than one month.

Several specifications [i.e., functional
forms) of this basic economic model were
hypothesized and quantitatively estimated
using two-stage least squares technigues,*

*For a complete review of the alternative
model specifications and resulting statisti-
cal evaluations the reader is referred to
Queirolo {1977).
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The most satisfactory in terms of R°, F,
and t statistics is reproduced below.

The daty emploved were monthiy for the
period May, 1972, to December, 1873, The
results of the fivrst stage aof the 2818 re-

. T i . .
gression, wherein Ph , predicted price, is
t
estimated in terms of akl the exogenous

variables in the model, are:

AN

PYC = 0125 + 00334 P-4 .00087 PI™

1 (2.68) (2.79) *t-1 (974 "¢-1
- .00D136 D, + .000112 Dy + .00076 D,
{~0.9505) (.7088) (.578)

- 0000166 T - .0000169 u;mt N
(-1.16] (-.656)
320 Pglrgt
(3.45)°¢t

- 0486 PIIES L 1273 p:“yt .
(-2.67)%t-1  (.960) “t-1
.00000326 (}/€>t
(-2.71)

R2 = 910032 F - statistic 22,9889, 11,

25 d.f.

in the second stage quantity-dependent

equation, P t is included as an explanatory

b

t
variable and yields:
<Q;txx . = <0175 + 00726 Pit +
(4.37) (2.04) Ye-1
000051 PT°

(.632) “t-1

- 000282 D, + .000328 D +

(-1.76) °  (1.53) °
0000455 D,
(.278)

~ 0000388 D:mt + 5607 Pglrgt -
(-1.18) (2.05) t
. 0632 pipss
(-1.97)%¢t-1

A

- .00000439{Y/N} - 1.549 P!

(-3.91) (-2.35) t
R? = 5012 F - statistic 3.6155 10, 25 d.f.

Durbin-Watson Statistic 1.667

where the t-values are in parentheses below
the ceoefficients.

The critical t-value, a = .10 is 1.316.

This second regression cquation contains the
estimated relationships of interest which is
discussed below.

A Bwmmary of the Hesults

In terms of the relutionships postulated
at the outset of this analysis concerning
the market demand for rainbow trout, the
results of statistically fitting the model
d4re most interesting. Pan-size salmon has
consistently been hypothesized to be a close
substitute in this market for domestically
produced rainbow trout, The results of -7
this analysis tend to support this hypothe-
§is. The variable accounting for the price
of pan-size salmon enters the regression at
a statistically significant level and with
the expected negative sign. Data limita-
tions with regard to pan-size salmon pre-
clude the estimation of a c¢cross-price elas-
ticity figure. It is, however, possible to+v
conclude with some certainty that pan-size
salmon does serve as a substitute in con-
sumption, i.e., a demand shifting factor,
for rainbow trout. By recomputing the
demand cquation with data from those periods
during which pan-size salmon was not present
in the market it was discovered that the
appearance of pan-size salmon does shift the
demand curve for rainbow trout and that the
magnitude of the shift may vary with the
season of the year. That is, based upon
these results, it appears that the presence
of pan-size salmon in the market during
certain scasonal periods may have a more pro-
nounced impact on demand for rainhow trout
than it would during other seasonal periods,
While the results are only preliminary this
hypothesis would seem to merit additional
attention. Perhaps there is a trout seasonv/
and a pan-size salmon season in terms of
consumers' purchasing decisions,

The second quarter of the calendar year
appears to reflect a period during which
consumption of rainbow trout is on the de-
¢line. This seems to be in agreement with
industry perceptions. The first quarter
characteristically is the big seafood season
as the lenten period is cobserved. Following
the end of the religious gbservance there
tends to be some adjustment away from fish
in favor of alternative food protein items.
The decline in demand for rainbow trout in
this period probably reflects a more general
downward trend in seafood consumption.*

*On the other hand, seasonality may be
more supply than demand related. However,
an alternative specification of the model,
in which quantities of rainbow trout sup-
plied to the Los Angeles markel were assum-
ed to be exogenously and seasonally deter-
mined, failed to support this view.
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The relevant market price of rainbow
trout is represented at the whoulesaler-to-
retailer level and the broker-to-wholesaler

rt t . s
level by P and P, respectively in the
W b

t-1 t
econometric model. Both price variables
enter the regression at statistically sig-
nificant levels and with the expected signs
on their coefficients. In the case of the
price of rainbow trout from wholesaler to
retailer the relationship was expected to
# be positive. That is, as the price the
wholesaler is able to command for rainbow
trout from his retail customers increases,
he will demand greater quantities of rain-
bow trout from his broker(s}. The magnitude
of this price sensitivity is reflected by
the price elasticity, calculated in this
case to be 5.9. The relationship is price-
elastic inasmuch #s a one percent increase
in the price received by the wholesaler in
the previous period for rainbow trout would
be expected to result in nearly a six per-
cent increase in the quantity demanded at
the brokerage level, veteris paribus. This
elasticity figure is calculated at the mean
value of the variables. In Fig. 2 this re-

lationship is outlined., |In Fig. 2a, D:
t-1

depicts the quantities retailers are willing
to purchase at various wholesale-to-retail

prices, while S; depicts the yuantities
t-1
wholesalers would be willing to sell at
these prices. Factors affecting the shapes
of these curves arc assumed to be invariant
a5 one moves along these curves. Under
these conditions the market-clearing price
and quantity are P1 and qa respectively.

In the present study, it is hypothesized
that, in the Los Angeles trout market the
relationship between quantities of trout
that brokers would supply and the broker-to-

wholesale prices (Dg in Fig. 2b) in the

t
current time period {time t) 1s importantly
influenced by the price the wholesaler re-
celved for trout during the preceding time

pesiod.  Thus D' in Fig. Zb is drawn on the

e T

assumption that the wholesale-to-retail
price in time t-1 is P ,
o

P . W
Under these conditions, with bb Tepre-
t
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senting the quantities brokers will supply
wholesulers at various prices, the market
15 ¢leared at guantity G, and broker-to-

wholcsaler price Pa. It should also be
noted that, like the curves in Fig. 2a, both

S; and D: have been drawn under the assump-
t t

tion that other factors affecting the shapes

of these curves [and identified as explana-

tory variables in ¢quations (1) and {2]]

are jnvariant as cone moves along these curves,

Suppese, now, that instead of Di , the
" t-1
. r*
wholesale-to-retail demand were Dw , por-

t-1
haps as a result of promotional activities
at the retail level. This would increase
the wholesale-ta-retail market-clearing price
in time t-1 to PB {(and increase sales to qB]

which, in turn would shift the current broker-

*
to-wholesale demznd 1o Dg . The resulting
t
market-clearing price and gquantity at that
Yevel would become P, and g, , respectively.
O0f interest in this study hdwever, is the
*
shift in the D; curve to D; . This says
t t
that, given the higher wholesale-to-retail
price, wholesalers would now like to pur-
chase preater quantities of rainbow trout
at cach of the prices they would have to pay.
For example, they would now be willing to
purchasc Q> rather than 4q,» at price Pa

because of the higher price tliey expect to
receive. Of coursc brokers are unwilling
to sell them q, at price Pq. In fact, com-

petition forces both price and quantity up
{to Pb and qb)_ ‘

Here, then, is an interpretation of the
positive relationship uncovered between the
price of rainbow trout received by the
wholesaler in the previous period and the
gquantity of rainbow trout demanded by the
wholesaler during the current period. Other
factors which are hypothesized to shift this
demand relationship are the price of pan-
size salmon, per capita personal disposable
income, which is discussed below, the price
of medium salmon, the availability of
Japanese trout, and various seasonal factors.

The price elasticity of demand for rainbow
trout at the broker-to-wholesaler level was
calculated to be 8.1, once again highly
price-etastic. This implies that, if the
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PT.
44
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t

2.b. Broker-to-Wholesaler, t.

Fig. 2. Supply and Demand Relationships for Rainbow Trout, Wholesale-to-Retailer and Broker-
to-Wholesaler: A Graphical Representation.



price of rainbow trout which the wholesaler
must pay were to decline by one percent,

the quantity demanded by wholesalers would
increase by more than nine percent, ceteris
paribus.* Therefore a reduction in the
price of rainbow trout at the brokerage
level, i.e. by producers, would be expected
to increase total revenues accruing to fish
culturists as a result of their increased:
sales of rainbow trout to the Los Angeles
market. This assumes that the retail price
of rainbow trout does net change in response
to the quantity change. This is probably
unrealistic and, therefore, any assessment
of the effect on total revenue increases at
the brokerage level of a retail price
response would have to be incorporated into
any decision strategy based upon the results
of this analysis. Unfortunately the avail-
able data do not permit a quantitative eval-
uation of the magnitude of a retail price
response to a decrease in brokerage prices.

Per capita personal disposable income,
defiated by the consumer price index,
entered the regression with a negative sign.
This is contrary to the hypothesized influ-
ence of income on quantity of rainbow trout
demanded. There are several possible expla-
nations for this resuft. The negative co-
efficient may be the product of statistical
problems within the data set. It is, of
course, not thecoretically inconceivable
that, over some range, rainbow trout is in
fact an inferior good, as the negative in-
come coefficient would imply. The word in-
ferior is used here only to describe the
{negative) income elasticity of a good.
{Ferguson and Gould 1975}. When, over some
range a good is observed to be inferior the
implications are that as income increases
the consumption of that good will decrease.
This 15 pot so difficult to imagine when
one recalls that income can be perceived
as a proxy for all other goods. In this
sense for example, as a consumer increases
consumption, including that of alternative
food proteins such as heef, pork, poultry,

*All elasticities have been calculated
it the means and should only be interpreted
as being indicative of the results of very
small changes about the mean values of the
relevant variables. Far the elasticities
reported above those values are as follows:
'Y - s109; P - 579, (Q"N). -

w1 bt d T
L0013 1bs,

For computational purposes the numbers used

were 1.0967425; 0.007900299; and 0.00133139,
Tespectively.
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and other scafoods, the utility he obtains
from consuming rainbow trout may be dimin-
ished over some cbserved range.

Buring the period of this analysis the
real per capita income in the los Angeles
Standard Censolidated Statistical Area has
in fact been declining. It has simultanecus-
ly been observed that per capita consumption
of trout has been on the increase. This may
be the result of the rapid risc in the real
prices of other goods for which rainbaw
trout serves as a potential substiture,
while the real price of rainbow trout has
remained relatively constanl or at least
has increased more slowly. If this were
the case then consumers would maximize their
utility subject to the increasing constraint
implied by declining real income, by substi-
tuting away from the mere price-inflated
food items in faver of rainbow trout, thus
producing the erroneous conclusion that
rainbow trout is an inferior good. This is
only conjecture at this point owing to a
lack of suitable data on these several food
protein commodities. Coincidently, the
economic conditions existing doring the
duration of this analysis have been atypical
in terms of the historically established
pattern. The years 1972 through 1975 have
seen price freczes, record inflation and un-
employment, and a decreasing real personal
disposable income. All of these factors
may have served to generate an anomalous
income/quantity relationship during the
pericd observed in this analysis.

The need for additional analysis in this
area seems indisputable based upon the in-
teresting but very temntative results of this
study. Any further quantitative examinatiom
of the propesed model and hypotheses result-
ing from it must await the release of more
complete, detailed data.
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