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CRAPTER I
INTRODUCT ION
The General Problem and Specific Objectives

The major objective of this thesis is to investigate the character-
istics of demand for pecans at the farm level of the marketing process,
However, there are two broad éypes of pecans produced in this country:
improved pecans and seedling or mative pe@ansal Since these nuts are
readily interchangeable in many uses, at least when shelled, it seems
reasonable to assume that the two types are close substitutes in demand,
although not hecessarily perfect substitutes.,

Moreover, pecans are only one of a group of four domestic edible
tree nuts, The domestic tree nuts other than pecans are walnuts, almonds,
and filberts, While the individual nuts may be best suited for specific
uses, most of the nuts can be and are used for many of the same purposes.
Consequently, it seems reasonable to postulate that the demands for
domestic edible tree nuts are closely interrelated. Thus, the demand for
pecans is jointly and simultaneously determined with the demands for other
domestic tree muts, Under such conditions, the obtaining of reliable
estimates of the parameters of demand relations for pecans requires also
an investigation of demand relatiomships between pecans and the other

domestic tree nuts,

llmproved pecans are from seedling pecan trees that have been budded,
grafted or top-worked. They are usually characterized by thin shells and
are larger in size than seedlings. Seedling pecans are from unimproved
pecan trees, are usually thicker shelled and of smaller size than improved
pecans,
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Most of the earlier and contemporary empiricél studigs of demand for
agricultural products deal primarily with a siﬁgle commodity, although
several studies of demand interrelationships between two or three commod-
ities have been published,2 In general, however, the method of estima-
tion used in these studies has been that of the single equation least
squares technique, which does not take into account explicitly the
simultaneous nature of demand for closely related goods as assumed in the
economic models,

Based on the above considerations, the specific objectives of this
study are threefold:

1. To analyze the demand relatiomships between the two types of

pecans without taking into explicit acéoum& the demands for

other domestic tree nuts,

[ay]

. To analyze the demand interrelationships among all pecans and
the other domestic tree nuts.

3. To compare the results from alternative methods of estimating

the parameters connecting the variables in the related demand

functions.
Usefulness of the Study

According to the theory of related demands, the price of a particular
product is imfluenced mnot only by available supplies of that product but
also by supplies of related products. If the demands for edible tree nuts

are closely related, year-to-year changes in production (or supplies) of

2 . ; .
Some of these studies will be mentioned later on in this chapter.
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individual nuts would bring about changes in the price of that nut and
the price of other tree nuts, Long-term trends im production of any
individual nut, interacting with trends in imports, exports, national
income and consumer tastes and preferences, would influence the long-
term price level of all other tree nuts,

Many decisions at the variéus levels in the tree nut industry must
be made which require a quantitative knowledge of demand interrelation-
shipsa Production plans of growers of individual tree nuts, as well as
the plans of processors and handlers in providing marketing facilities,
are dependent upon expectations of future events, Quantitative estimates
of past and present demand interrelationships are basic in wmaking con-
ditional predictions of future demand conditions.

For example, 1f there is a significant substitutibility or comple-~
mentarity in consumption (utilization) of tree nuts, the producer of any
one of the individual nuts have a very real interest in governmental
policies and programs, including tariff policies, relating to the pro-
duction and marketing of the other tree nuts. The relapive impor tance
of this interest would depend upon the type and degree of demand inter-
relationships prevailing among the various tree nuts,

Consequently, quantitative knowledge of demand interrelationships
have particular importance in the formulation and administratiom of
marketing order and agreement programs which have}been used in the market-
ing of almonds, filberts, walnuts and, to a lesser extent, pecans. For
example, a knowledge of the type and degree of demand interrelationships
in the tree nut industry would permit the policy planmer to trace out the

probable effects of a proposed program g priocri. A control program



formulated without reference to demand interrelationships may well result
in the substitution of related products for the controlled products,
thereby defsating the objectives of the program. The long-rum effects
of control programs are especially significant, since long-run interests
wmay -be jeopardized while attempting to increase short-rumn returns,
Moreover, it is believed that this study has considerable methodo-
logical interest. In only a limited number of empirical studies of
related demands has the method of estimation been consistent with the

assumptions of the economic model,
Previous Research in the General Problem Ares

Only two empirical demand studies relating to tree nuts were noted
in the literature. One was an unpublished study of walnut prices by

3

Pennock™ and the other a study of almond prices by Lee°4 Lee reported
the results of statistical analyses of the season'’s average returns to
almond growesrs, He did not take into account explicitly the demand inter-
relations between almonds and related products, He did, however, include
an index of the prices of competing domestic nuts (walnuts, filberts, and

pecans) to indicate the influence of competing products on the price=~

guantity relationship for almonds,

3Gar01yn Pennock, "Statistical Analysis of Average Farm Price of
English Walnuts", Program Policy Division, FDA, April 19, 1932, unpublish-
ed, (as cited by Geoffrey S. Shepherd, Agricultural Price Policy (Ames,
19473, p. 139).

4Ivan M. Lee, Statistical Apnalysis of Annual Avergge Returns to
Growers of Almonds, 1924-25 to 1948-49, Giannini Foundation Mimeocgraphed
Report No. 103, (Berkeley, February, 1950).




Several studies concerned with demand relations between agricultural
commodities have been published., These studies employed various wmeasures
to indicate the type and degree of the demand relations prevailing between

5

the commodities, Meinken, Rojko and King” comsidered three approaches to
the problem of measuring the substitutability of two commodities in demand
and used an empirical example to illustrate the relation between the
approaches. The three approaches compared are: the demand and cross
elasticities, the relation of consumption ratios to price ratios (used
as an approximation to the elasticity of substitution), and the sstimated
indifference Surfage,6 The related products used in the ewpirical example
were beef and pork consumption in Canada.

Rudd and SchufettT made a study of demand interrelationships among

domestic cigarette tobaccos at the auction mwarket level. Among the methods

used for determining the degree and type of demand interrelationships were

5K° W. Meinken, A. S. Rojko and G. A. King, "Measurement of Substi~-
tution in Demand from Time Series Data - A Synthesis of Three Approaches,”
Journal of Farm Economics, Vel. 38, (August, 1956), pp. T11-735.

6M©rrisett derived the mathematical and statistical relationships of
these three measures but he did not apply the derivations to an empirical
problem, Irving Morrisett, "Some Resent Uses of Elasticity of Substitu-
tion - A Survey," Econometrica, Vol. 21, (January, 1953), pp. 41-62.

7Robert W. Rudd and D, Milton Shuffett, Demand Imterrelatiomships
Among Domestic Cigarette Tobaccos, Bulletin 633, (Lexington, June, 1955),




the so-called "rough test", the elasticity of substituti@n,e and the cross
elasticities, In computing the cross elasticities of demand, they used
single equation estimates stating that they felt the extra problems involved
in using a simultaneous sclution were not warranted in their problem.
Hoos9 investigated the demand relations between pears and three other
fresh fruits -- plums, peaches and oranges =-- utilizimg the ''rough test",
the "Hotelling conditions”, and the "Slutsky condition" as measures of
the types of related demands,lo Schultzll develops the theoretical bases
for these three tests and uses them in investigating the demand relations
for beef, pork, and mutton in the United States: tea, coffee, and sugar in
Canada; and barley, corn, hay and ocats in the United States, The demand
equations by both Hoos and Schultz are estimated using the single equation

technique,

8Meinken, Rojko and King, pp. 718-719, mention that this approach to
the analysis of demand interrelationships for agricultural commodities has
also been used recently by several other research workers, Among others
they cite are: Kenneth W. Meinken, The Demand and Price Structure for
Dats, Barley, and Scrghum Grains, United States Department of Agriculture
Technical Bulletin 1080, September 1953; T. G. F. Woollam;, "The Influence
of Prices on the Relative Consumption of Beef and Pork," The Economic
Annalist, Canadian Department of Agriculture, Vol, 23, (April, 1953}, pp.
29-32; James N. Morgan, "Consumer Substitutes Between Butter and Margarine,”
Econometrica, Vol. 19,(January, 1951), pp. 18-39; and Marion Clawson,
"Demand Interrelations for Selected Agricultural Products,” Quarterly
Journal of Ecomomics, Vol, 57,(February, 1943), pp. 265-302,

QSidney Hoos, "An Investigation of Complementarity Relations Between
Fresh Fruits," Journal of Farm Economics, Vol, 23 (May, 1941), pp. 421-433,

lOThe validity and significance of these methods as used by Hoos are
discussed by Adolph Kozlik, "An Investigation on Complementarity Relatioms
Between Fresh Fruits; A Reply," Journsl of Farm Economics, Vol. 23, (August,
1941), pp. 654-656; and by Sidney Hoos, "An Investigation on Complementarity
Relations Between Fresh Fruits: A Rejoinder,” Vol, 24, (May, 1942), pp.
528 -529,

llﬁemry Schultz, The Theory and Measurement of Demand (Chicago, 1938).
See Chapter 18, "The Special Theory of Related Demands," pp. 569-604 and
Chapter 19, "The General Theory of Related Demands," pp. 607-0654,




Method of Analysis and Procedure

In an attempt to achieve the stipulated obje@tive; the study proceeds
in the following manner. The conceptual framework is developed briefly,
The basis for this framework lies in the theoretical tenets of demand
theory, particularly those developed in the theory of related demands, A
factual description of the economic sector is presented., Simplified
economic models are postulated basad upon the relevant economic theory
and a factual understanding of the tree nut industry. Variables in the
models are selected and classified as to type. The identification problem
is resolved., Methods of estimation are then considered which are con-
sistent with the economic and statistical assumptions underlying the
models., A sample period is selected in connection with the data available
chosen to reflect the variables included in the models,

The parameters connecting the variables in the various postulated
models are estimated by different methods., Estimates of the parameters
resulting from alternative models and methods of estimation are compared
and subjected to various theoretical aﬁd statistical tests. Finally, the

results are appraised and implications stated.



CHAPTER II
SOME DESCRIPTIVE ASPECTS OF THE TREE NUT ECONOMY

Although there are few well-specified procedures to follow in con-
structing economic models, the formulation of meaningful models would seem
to require not only a knowledge of relevant economic theory but also
descriptive or factual knowledge of the economic sector under study. On

" ..The con=

this point, Professor Judge has made the following comment:
struction of systems of autonomous relations is, therefore, a matter of
intuition and factual knowledge; it is an art, Lack of knowledge is the
prohibitive factor in the construction of economic modelsa“la.

The purpose of this chapter is to provide a descriptive background
of the current situation and historical developments in the tree nut
sector of our economy. The objective is to present an empirical descrip-
tion of the induétry relating to the nature of the competitive relations
existing among the individual nuts, The data presented will thus serve
as one source for hypotheses regarding demand interrelationships and other
cause-gffect relations. In addition, the information presented in this
chapter should provide a partial basis for appraising the models used in

this study and some of the data is used to reflect the included variables

in obtaining quantitative estimates of parameters in the postulated models,

2
1 George G. Judge, "An Econometric Analysis of the Demand for Eggs,”
(unpublished Ph.D. dissertation, Iowa State College, 1952}, p. 13,



Supply and Distribution

The total domestic supply of edible tree nuts for any given marketing
year is composed of domestic production, imports of domeSticwtype and
nondomestic-type tree nuts, and stocks of nuts carried over from previousr
seasons, Distribution of the total supply may be divided into domestic
consumption, exports and carryover. Each classification may be further
divided into its more important utilization components or by individual
nuts,

The nuts which sre produced domestically are walnuts,'pecans, almonds
and filberts, The nondomestiCmt&pe nuts included in import data are brazil
nuts, cashews, chestnuts, pignolia, pistachio and miscellaheous tree nuts,
These nuts are usually grouped together and called "other" nuts in the
various statistical compilations. Imports of domestic-type and other nuts
are important components of total supply. Usually, thever, the volume of
exports of domestic~-type nuts is relatively unimportant. Data on carry-

over of nuts are fragmentary and of questionable validity,

@@hsumgti@n

Before consideringiproduction and trade data for the ind%vidua; nuts;
apparent per capita conspmption data13 can be used to indicate the trend
in total tree nut consumption in this country and the changing relative
importance of the individual nuts in total consumption.

Per capita consumption of all tree nuts has been increasing since

1930, with most of the increase occurring in the post-World War II periocd

gAppar@nt in the sense that the data reflect estimates of production,
imports and exports but not estimates of carryover stocks., The data are
on a shelled basis,



TABLE T

PER CAPITA CONSUMPTION OF TREE NUTS (SHELLED BASIS),
UNLTED STATES, CROP YEARS; 1920-552

1955 ceueeeacseonnanss 420

Crop Year Almonds Filberts Pecans Walnuts OtherP Total
Pounds Pounds Pounds Pounds Pounds Pounds

19206 eesaecsascassnaes 0,20 0.07 0.04 0.31 0.3e 1.0
1921s0esessveensnnesss 31 11 .16 .49 .36 1,4
19220 veuosnnnnosanscs o29 .11 .05 S A 1.2
1023, e scnsesconsans 30 12 .19 2 v39 1.4
1924, sieseencsoscasns 420 07! .13 48 35 1.3
1925, uesennescosooaae 023 .10 17 .51 .29 1.3
19200 0e0s0eccesonsonos 220 .08 .30 .37 .35 1.4
1927 . caecccnsssaennnes o204 .10 A1 .51 A4 1.1
1928, ceeecensosseesnse 420 .09 .21 .38 .30 1,2
19294 se0scosenascosees 420 .06 .16 Jab .23 1.1
1930c0ceaaesoscosnsess 21 .06 .17 .33 .29 1.1
1931l eeeuseccecnanases o117 04 .20 .32 .33 1.1
19324 ccaaseansccnsnens L14 .05 .20 .36 27 1,0
19230 4essenesscssseene L12 .03 .23 .26 .25 .9
1934cessassssncianenas 11 .03 .17 .33 “.35 1.0
1935, cevesessnccennees o17 04 .36 .34 Jab 1.4
1936ce0nesncosccessses 10 .05 W17 .28 A7 1.1
1937 0eeesasvsescaneannas LL9 .03 .30 .38 ) 1.4
1938 ceeneerceanscancss L1b& .03 W21 .32 49 1,2
1939 0eesssssssescncces L21 .05 .27 .38 46 1.4
19400 ieeacesssnssanees ,12 .03 .34 .32 54 1.4
1941eeennesssesesacsss 09 04 .34 Jab 40 1.3
1942, ciinenneeninnnnes  L22 .03 .23 .35 w14 1.0
19430 cesessccssssssees 23 .05 .38 .37 .07 1.1
1944e seceesssnsssnenss .36 .10 WAl Al C .16 1.4
1945.00acsscccansssess 34 .10 .37 .38 24 1.4
1945 esessssensenesssss 36 .13 .20 .38 40 1.5
1947 esssencescascases 30 .08 .21 .33 A5 1.5
1948 seanesncsnsasnase 29 .09 b .38 A9 1.7
1949 ssiosoosseanconsss 27 .10 .31 LAl .53 1.6
1950c esaseocoosssnssss o33 .06 .31 .36 .36 1.6
1651cccessscnocsncenes 29 .08 .38 A2 A48 1.7
19052 ieesecssncnensene 20 .09 .36 A2 49 1.6
1953 ceeassersarancnes o204 .06 .50 .32 W49 1.6
1954 civevasanasoennes 22 .08 .21 .38 .57 1.5
.07 .33 A2 .58 1.6

aCrop year beginning July of

consumption beginning 1941,

year indicated, Civilian per capita

10

b . . RN . .
Includes the following nuts: brazil, plgnélla, pistachio, chestnuts,
cashews, and miscellaneous tree nuts,

Source:,, Supplement for 1956 to Consumption of Food in the United States,

1909~52, Agricultural Handbook No,
b. C., September 1957), p. 30

62

=2

USDA, AMS, (Washington,
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(Table 1). In the six~year period 1930-35, average annual per.capita
consumption of all tree nuts was 1.1 pounds (Table II), Domestic-type
nuts accounted for about 70 percent of total consumption, The seasonal
average consumption of walnuts, pecans, almonds, and filberts in the
period was .32, .23, .15 and .04 pounds per capita, respectively. The
seasonal average consumption of other tree nuts was .32 pounds per

capita.

TABLE II

EDIBLE TREE NUTS: PER CAPITA CONSUMPTION AND PERCENTAGE CHAMNGE
BETWEEN THE PERICDS 1930-35 AND 1949-54, (SIX-YEAR AVERAGES)

Period Almonds Filberts Pecans Walnuts Qthers Total
1930-35
Pounds per capita .15 .04 .23 .32 .32 1.06
Percent of total 14.2 3.7 21.7 30.2 30.2 100.0
1949 -54 :
Pounds per capita 27 .08 .35 .39 .52 1.61
Percent of total 16.8 4.9 21.6 24,2 32,5 100.0
Percentage increase 80,0 100.,0 52,2 21.9 62,5 51.9

Source: Computed from Table I,

Average per capita consumption of all tree nuts increased to 1.6
pounds in the 1949-54 period. This represented‘én increase of 52 percent
over the 1930-35 period. Although total consumption of domestic-type
tree nuts increased in absolute terms, the percent this represented of all
tree nut consumption decreased slightly to 68 percent in this period. Con-

sumption of other tree nuts increased from .32 to .52 pounds per capita,

or 63 percent,
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In order of relative consumption in both periods, the domestic-type
tree nuts were walnuts, pecans, almonds, and filberts. Per capita con-
sumption of each nut increased between the periocds 1930-35 and 1949-54,
although the relative increase in the individual nuts varied considerably
(Teble 1I). Although the consumption of filberts shows the largest per-
centage increase, they represented only five percent of total tree nut
consumption in the latter period., The consumption of walnuts accounted
for 24 percent of the consumption of all tree nuts, and consumption of
pecans and almonds accounted for 22 and 17 percent of the total, respec-

tively,

Production and International Irade

In the 1930-35 period total imports of tree nuts were 88 percent of
domestic production, In the 1949-54 period they were 85 percent of
domestic production. Imports of domestic~type tree nuts, however, have
declined substantially relative to domestic production and total imports.
In the 1930-35 period, imports of domestic-type tree nuts were 33 percent
of all tree nut imports, or about 29 percent of domestic production. By
1949-54, however, imports of domestic-type tree nuts had decreased to 15
percent of all tree nut imports, These imports of domestic-type tree nuts
were about 13 percent of domestic production (Table III1).

In terms of the volume of domestic production, the relative importance
of the individual nuts stands in the same order as in consumption: wal-
nuts, pecans, almonds and filberts. Walnut production, however, has been
decreasing as a perégntage of total domestic production. In the 1930-35
period, walnut production was 44 percent of total tree nut productiom.

This percentage decreased to 38 percent in the 1949-54 period. Pecan



DOMESTIC TREE NUTS:

TABLE III

13

PRODUCTION AND IMPCRTS, 1930-35 (6-YEAR AVERAGE);
PRODUCTION, IMPORTS AND EXPORTS, 1949-54 (6-YEAR AVERAGE)

Unit Almonds

Filberts

Pecans

Walnuts

Total

1930-35 (6-Year
Average)
Production
Quantity
Percentage of
total produc-
tion
Imports
Quantity
As a percent-
age of pro-
duction

1949-54 (6-Year
Average)

Production
Quantity
Percentage of

total produc-

tion
Percentage in-

crease in pro-

duction since
1930~35
Imports
Quantity
As a percent-
age of pro-
duction
Exports
" Quantity
As a percent-~
age of pro-
duction

tons

13,137

percent 13.9

tons 12,129

percent 91.1

tons 40,317

percent 20.7
percent 202.7

tons 9,064

percent 22.5

tons 3,202

percent

7.9

788

0.8

5,227

663.3

7,945

4,1

908.2

6,714

84.5

437

5.5

39,442

41.3

286

0.7

72,272

37.0

83.2

478

0.7
1,260

1.7

42,017

44,0 -

10,488

25,0

T4,583

38.2

7.5

9,321

12.5

2,322

95,564

100.0

28,130

29.4

195,117

100.0

104 .2

: 25; 577

13.1

7,221

3.7

Source:

Tables A-1I and A-IIL, Appendix A,
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production is close to walnuts as a percentage of domestic production,
Pecans were 41 percent of domestic production in the 1930-35 period, In
the 1949-34 period this percentage decreased to 37 percent, Almonds and
filberts increased in their share of domestic tree nut production, In
the 1930~-35 period almond and filbert production was 14 percent and 1 per-
cent, respectively, of domestic tree nut production. These figures in-
ereased to 21 percent and 4 percent in the 1949-54 period,

Almonds. The annual average production of almonds increased from
13,317 tons in 1930-35 to 40,317 tons in 1949-54 (Table III). This was
an increase of 203 percent. In the earlier period imports of almonds
were 91 percent of domestic production. However, this percentage had
decreased to 23 percent in the 1949-54 period. Prior to 1952 almond
exports never exceeded 2,1 percent of domestic production (Appendix Tables
A-1I and A-TIL), In 1952 almond exports reached 7 percent of domestic
production and then increased substantially to 18 percent and 20 percent
in 1953 and 1954 respectively,

Filberts, Filbert production has increased rapidly since the 1930~
35 period. Annual average production increased from 788 tons in 1930-35
te 7,945 tons in 1949-54, an increase of over 900 percent. 1In the earlier
period the bulk of domestic filbert supplies was imported. Imports were
over six and one-half times as large as domestic filbert production. The
importance of imports relative to total supply, however, has been decreas-
ing., In 1949-54 imports of filberts averaged 85 percent of domestic pro-
duction, Exports of filberts have never reached any substantial amount,
In 1954 exports reached a peak of 1l percent of domestic production, In

previous years exports never exceeded & percent of domestic production,
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Pecans, Total pecan production has been gradually increasing in a
‘highly irregular yearly pattern. Pecan production increased from an
annual average of 39,442 tons in 1930-35 to 72,272 tons in 1949-54, The
percentage increase between these two periods was 83 percenté° Since 1927
imports of pecans have seldom exceeded one percent of domestic production,
Imports of pecans averaged 286 tons in 1930-35, In the 1949-54 period
imports of pecans had increased to an average of 473 tons. Because of
increased domestic production, however, imports as a percent of produe-
tion actually decreased, Exports of pecans have exceeded four percent
of production in only one year. In 1938 pecan exports were 5.2 percent
of production,

The total production of pecans is comprised of seedling pecans and
improved pecans., Prior to 1936 most of the domestic production of pecans
was of the seedling type (Table A-II, Appendix A). After this pericd,
improved varieties began to make up an increasing share to total pecan
supplies. However, in only five years has improved pecan production sur-
passed seedling production,

Walnuts, The production of walnuts increased from an annual average
of 42,017 tons in 1930-35 to 74,583 tons in 1949-54., This was an increase
of 78 percent, Imports of walnuts as a percentage of domesti@ production
has been decreasing., In the earlier period imports were approximately 25
percent of domestic produetion, In the intervening seasons between 1930-
35 and 1949-54, walnut imports seldom exceeded 9 percent of walnut pro-
duction, but in 1949-54 imports averaged 13 percent of domestic production,
Exports of walnuts reached a peak in 1936 of 6,160 tons (Table 4-III,

Appendix A). This was 13.4 percent of production, Sinece then, exports of
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walnuts as a percentage of domestic production has decreased, 1In the
1949-54 period imports of walnuts averaged only 3,1 percent of domestic
production,

Other Tree Nuts., As pointed out previously, the other tree nuts

imported into the United States are brazil nuts, cashews, chestnuts,
pignolia and pistachio nuts. These nuts are not produced commercially

in the United States. 1In recent years imports of cashews have accounted
for more than one-half of total imports of all tree nuts, including im-
ports of domestic-type tree nuts, In the 1930-35 period an average of
7,152 tons of shelled cashews were imported to the United States annually
(Table 1IV). Imports of cashews increased to an average of 24,480 tons

in the 1949-54 period, an increase of 242 percent. Unlike imports of

all other tree nuts, imports of cashews have increased steadily through

the years,

TABLE IV

IMPORTS OF BRAZIL NUTS, CASHEWS, CHESTNUTS, PIGNOLIA AND
PISTACHIO NUTS :

Year Brazil Cashew Chestnuts Pignolia Pistachio
Beginning In- In~ In- In-
October 1 shell Shelled Shelled shell shell Shelled shell Shelled
Tons Tons Tons Tons Tons  Tons Tons Tons
1930=-35 a
average 9,750 3,671 7,152 8,813 181 957 156
1949 =54 ‘
average 7,832 2,966 24,480 8,566 11 151 3,394 190

Sll?’rimf to 1943 considered shelled,

Scurce: Jules V. Powell and Richard S. Berberich, Marketing Tree Nuts--
Trends and Prospects, United States Department of Agriculture,
AMS, Marketing Report No. 139, (Washingtom, D.C., October 1956);
pp. 28-29,
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The majority of the other imports, besides domestic-type imports
consists of brazil nuts and chestnuts (Table IV). Brazils are imported
in both shelled and in-shell form, although the majority are imported

in=-shell., Chestnuts are imported exclusively on an in-~shell basis,

Carrvover

An important component of the total domestic supply of tree nuts
avaiiable each segson, in addition to domestic production and impeorts,
is the gquantity of tree nuts carried over from previous seasons. In
order to completely understand the supply side of the tree nut industry
it would be desirable to have reliable estimates of the quantities of
carry-in at the beginning of each marketing season for each year included
in the analysis., Although these estimates are not available there are
estimetes of cold-storage and carry=-in for certain years covered in the
anzlysis. These estimates are presented in Table V to indicate the
approximate magnitude of carry-in for those years for which data are
available,

The accuracy of these figures in representing the entire amount of
carry-in for each season is not knOWnel

Almonds, Filberts and Walnuts. Using estimates of carry-in furnish-

ed by the Department of Agriculture (Table V) the relative amounts of

carry-in was computed for the 1950-54 period for almonds, filberts and

15

walnuts., Comparing almond carry-in of 17,000,000 pounds to 79,440,000

pounds of almonds produced in the 1950-54 peried, the annual average of

14The large California cooperatives have major cold storage for tree
nuts and they are not included in the cold storage reports,

15

All figures are computed on an in-shell basis,



TABLE V

ESTIMATES OF CARRY-IN STOCKS

A. Carry-in Stocks of Almonds, Filberts and Walnuts

Year® ; Almonds | Filbercs f Walnuts
- 1,000 pounds | 1,000 pounds 1,600 pounds 1,000 pounds

shelled in-shell in-shell kernels
1939 - 6,800 (b) 7,088 . - 4,481
1940 7,400 (b) 4,154 8,467
1941 . 100 (b) . 2,378 4,104
1942 400 (b) ' 5,151 9,39
1943 100 (b) 3,576 221
1944 200 (b) 2,176 314
1945 (c) (b) 1,563 1,836
1946 3,700 (b) 3,025 399
1947 4,100 (b) 5,634 2,892
1948 3,000 (b) . 2,611 2,727
1949 7,600 (b) 7,294 2,992
1950 6,600 2,080 17,394 6,260
1951 7,900 610 7,840 1,947
1952 11,500 794 12,927 2,798
1953 8,900 2,658 14,322 7,747
1954 9,300 1,096 10,656 4,164
1955 8,100 2,031 7,328 1,729

8ror almonds year begins July 1, For filberts and walnuts year
begins August 1,

bNot available,
“Less than 50,000 pounds,

" B, Cold Storage of Edible Tree Nuts, July 1, By Kinds

Kind 1948 1949 1950 1951 1952

(In thousands of pounds)

Shelled

Almonds 6,269 6,917 7,603 10,387 12,595
Filberts 1,557 1,937 1,691 1,504 2,191
Walnuts 2,140 6,082 9,799 7,083 9,488
Pecans 7,331 9,167 5,683 : 9,764 6,880
Brazil nuts 1,515 1,380 1,351 441 899
Cashews 2,283 4,308 2,518 4,060 2,495
Other tree nuts 1,568 2,381 2,480 5,204° 3,958
Unclassified 8,924 9,174 7,918 7,214 5,768

Total 31,587 41,346 39,043 45,657 44,274

In~shell

Almonds ) 415 910 920 1,249 1,076
Filberts 94 234 389 - 379 345
Walnuts 1,865 10,867 19,474 . 8,967 15,952
Pecans 20,708 29,013 7,422 12,356 = 21,371
Brazil nuts 195 502 460 44 187
Cashews 13 11 6 4 10
Other tree nuts 1,466 3,175 3,780 3,285 3,535
Unclassifiled 6,300 4,292 4,551 2,670 9,968

Total 31,056 49,004 37,002 28,954 52,444

Source: Jules V, Pohell, Agricultural Economist, AMS, USDA, Washington,
D. C,, in a letter to the writer, August 14, 1958,
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carry-in to production was 21 percent, For filberts carry~-in was 10 per-
cent of production, annual average, or 1,448,000 pounds of carry-in to
14,832,000 pounds produced. Walnut carry-in was 23,536,000 poundso‘ In
comparison to 143,880,000 pounds of walnuts produced the annual average
of carry-in to production was 16 percent,

Pecans. The only available data on pecan storage are from the cold
storage reports éf the Department of Agriculture. These reports are given
for the years 1948-52 (Table V}. For these years the average annual
amount of pecans in cold storage on July 1 was 393761,006 pounds. This
compares with total production of 146,907,000 pounds, annual average,
for the 1948-52 period, Using these figures the annual average amount

of carry-in to production was 27 percent.
Marketing Tree Nuts

Methods and systems of marketing the individual domestic tree nuts
vary from highly organized and integrated to unorganized. The California
Almond Growers Exchange marketed approximately 70 percent of the California
almond crop, The rest of the crop was mar;eted t@:@ugh independent packers
and shellerscl6 The filbert crop is marketed through @Qoperative grower
organizations, independent grower-packers and packers sometimes @iassified
as independent or cash buyers., Over 80 percent of the filbert crop in
recent years has been handled by three cooperatives and four large inde-

pendent packers, The remainder of the marketing operations is divided

among approximately fifteen firms, mostly small grower-packers,

16

The bulk of the information on marketing tree nuts is from Jules V,
Powell and Richard S. Berberich, Marketing Tree Nuts--Trends and Prospects,
Marketing Research Report No. 139, (Washington, D.C., October, 1956) pp,
12-14, '
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The major portion of the walnut crop is marketed by the California
Walnut Growers Association, Through their extensive processing and
marketing facilities they market 75 to 80 percent of the commercial crop,
Independent growers, shellers, and packers handle the remainder of the
California crop., In the Pacific Northwest, more than 50 percent of the
walnut crop is marketed through the Northwest Nut Growers Association,

Methods used in the marketing of pecans are more varied than for
any other domestic nut crop. They range from the grower bringing his
own pecans to the sheller to highly integrated gr@Qermmapketing eﬁterm
prises., As pecans are grown in widely scattered areas, especially the

seedlings,grower cooperatives are found infrequently.

Utilization of Domestic Tree Nuts

Tree nuts are shelled or left in-shell and distributed to various
cutlets, Shelled tree nuts are used by salting trade, candy manufacturers,
bakers, households (unsalted), ice creaﬁ manufaéﬁurers,‘and manufacturers
of nut syrups and pastes. In-shell nuts are packed in straight packs or
mixtures for direct consumption, primarily for the holiday seasons in
November and Decewber.

Almonds. Only 11 percent of the total supply of almonds in the 1950-
52 period went to the in-shell market;.the rest was shelled (Figure 1),
In-shell almonds went to grocery stores in mixtures and straight pack,
Most of the shelled almonds (64 percent, 1950-52 average) went to con-
fectioners while the rest of the shelled crop was divided among salters,
13 percent; households (unsalted), 10 percent; bakers, 8 percent; ice

cream manufacturers, 5 percent, and others less than 1 percent .(Table VI).



ESTIMATED DISTRIBUTION OF ALMONDS, 1950-52

STRAIGHT MIXTURES
PACKS %

NET IMPURTS

BAKERS
ns
ICE CREAM
MANUFACTURERS
OTHER 1%
U.5. DEPARTMENT OF AGRICULTURE MNEG. 31B3-56(5) AGRICULTURAL MARKETING SERVICE

Figure 1,

Source: Powell and Berberich, p, 13

ESTIMATED DISTRIBUTION OF FILBERTS, 1950-52

STRAIGHT PaCK MIXTURES
s nx

GROCERY

ICE CREAM
MANUF ACTURERS

U.S. DEPARTMENT OF AGRICULTURE MNEG. 3184-56(5) AGRICULTURAL MARKETING SERVICE

Figure 2,

Source: Powell and Berberich, p.13.



Filberts, In-shell filberts were distributed to grocery stores, 13
percent>and 23 percent of the total supply going in straight pack and .
mixtures, respectively (Figure 2). The shell market used the greater
percentage of the supply, 64 percent, with the salting trade using 43
percent of the shelled crop. The rest of the sales of shelled filberts
was distributed to bakers, and confectioners, approximately 28 percent
goiﬁg toc each, with the remaining 1 percent being distributed to house-
holds (unsalted), ice cream manufacturers and other uses,

Pecans. Pecans have shown a different trend, more pronounced than
for any other domestic nut crop, in that the majority of nuts are
marketed on a shelled basis, In the 1950-52 periocd, 75 percent of the
pecan crop was distributed on a shelled basis while the rest of the pecan
supply went to the in-shell market (Fig@re 3). In-shell pecans went for
distribution in grocery stores; 16 percent of the total supply went into
straight pack and 9 percent in mixed pack., Most of the‘shelled pecans, 44
percent of the total amount shelled, was purchased by bakers, vother puy-
chasers, as of the total amount shelled, were: confectioners, 20 percent;
household use and ice cream manufacturers, 12 percent each; the salting
trade, 7 percent; and other uses, 5 percent,

Walnuts. In the 1950-52 period approximately 53 percent of the wal-
nut supply was sold in-shell, 42 percent in straight pack and 1l percent
in mixtures (Figure 4). Before this period the majority of the walnut erop
was sold in-shell but the in-shell markét appears on the'de@iine as the -

17

shelled market gains in importance,‘ The majority of the shelled walnuts

lYUnited States Tariff Commission, Edible Tree Nuts (Washington,
September 1954), p. 16,
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ESTIMATED DISTRIBUTION OF PECANS, 1950-52

STRAIGHT PACK MIXTURES
16% .

SHELLED
LA
% NUT SALTERS
FOR IN SH|
iy / CONFECTIONERY

/ MANLFACTURERS

# DOMESTIC PRODUCTION { 101.5%)
LESS NET EXPORTS (1.5%)

U, 5. DEPARTMENT OF AGRICULTURE MEG. 3185-56(5) AGRICULTURAL MARKETING SERVICE
Figure 3,

Source: Powell and Berberich, p. 15,

ESTIMATED DISTRIBUTION OF WALNUTS, 1950-52
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Figure 4,

Source: Powell and Berberich, p. 15.
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went to the baking trade and to households (umsalted); each accounting
for 39 percent of the shelled crop., Confectioners used 1l percent; ice
cream manufacturers, 4 percent; and the remaining 7 percent of the shelled

walnuts going to other uses,

Nature of Competition Among Tree Nuts

In-shell Mixtures. An area of direct competition émong in-shell

tree nuts is in in-shell mixtures., It would be expected that if there
were a large supply of one tree‘hut relative to the other tree nuts, the
nut in relatively large supply would comprise a larger percentage of the
in-shell mixture, For example, mixtures usually contain 35 percent wal-
nuts, but this proportiom varies and depends largely on the relative
prices of the component nuts, |

Competition from im-shell imports is greatest from in-shell brazil
nuts, since in-shell brazils along with walnuts are the chief constitu-
ents of in-shell mixtures, There is relatively little competition from
imports of domestic-type in-shell tree nuts with in-shell nuts grown iﬁ
the United States., This is due to the development of (a) improved
varieties in the United States, (b) superior grading, and (c) existing
tariff protection.

Shelled Nuts. Competing more directly than the other types of

shelled tree nuts are shelled walnuts and shelled pecans. This is due

to the possible interchangeability in many of their uses. Theée,twé nuts
account for over T5 percent of the shelled tree nuts used (annual average
1950-52) in commercial baking, household cooking and in ice cream (Table
Vi). A change in the demand or supply conditions for one would be expect-

ed to have repercussions on the other,



TABLE VI

ESTIMATED SALES OF SHELLED TREE NUTS IN THE UNITED STATES,
ANNUAL AVERAGE. OF YEARS BEGINNING OCTOBER 1, 1950-522°

A, By Outlets

25

Confec- Households Ice
Total tionary Salging Baking (Unsalted) Cream  Other
(million pounds) )

Almonds 39 25 5 3 A © 2 )
Filberts 7 2 3 2 (b) (b) (b)
Pecans 41 8 3 18 5 5 2
Walnuts 28 3 - 11 11 1 2
Cashews 48 3 43 .2 - - (b)
Brazils 6 -2 3 1 ®) ) ®)

Total 169 43 57 37 20 8 4

(percent)

Almonds 23 58,14 8.77 8 . 20 25.0 (c)
Filberts 4 4,65 5,26 5 (c) (c) (c)
Pecans 24 18,60 5.26 49 25 62,5 50
Walnuts 17 6,98 - 30 55 12,5 50
Cashews 28 6,98 75,44 5 - - -
Brazils 4. - 4,65 5.26 3 (<) - -

Total 100 100,00 100,00 100 - 100 100.0. 100

B. By Kinds
OQutlet Total Almonds Filberts Pecans Walnuts Cashews Brazils
i (percent)

Confec- :

tionary 25 64 28.5 20 11 6 .33
Salting | 34 13 43,0 7 - 90 50
Baking 22 8 28,5 44 39 4 17
Households ' ‘

(unsalted) 12 10 (c) 12 - 39 - (c)
Ice Cream 5 "5 (c) 12 4 - (c)
Other. 2 ) () 5 7 (e) ©)

Total 100 100 100.0 100 © - 100 100 100

aPowell and Berberich, p, 33
bProbably less than one-half million pounds

®Less than 1 percent

Source: U, S, Tariff Commission
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Although almonds and filberts are sold in some of’the same outlets
as pecans and walnuts, they do not @ompete:to any grgat extent, - Imports
of both pecans and walnuts enter the United States. The amount of pécans
entering is small and offers no competitive problem, although impbrts of
other tree nuts might substitute for domestically grown shelled pecans,
As the imports of walputs are smaller and of generally poo:@rlquality
than domestic walnuts, they ate diverted to the confectionery and baking
industries where they are not in competition with the domestic crop.

The major portion of the shelled crop of almonds {64 percent, 1950-
52 average) goes to the cqnfe@tionery trade (Table VI). Shelled domestic
almonds are to some exgént subject to competition from cashewsls and im-
ported shelled filberts., Imported shelled filberts probably do not com=-
pete closely with domestic almonds, however, since almonds used in salting
are the more expensive grades, Imports of shelled almonds compete with
the domestic crop, but imports are restricted, according to domestic
supply, by tariff duties. |

The major outlet for shelled filberts is the saltimg trade where they
are in direct competition @ith the usually large importations §£ shelled
filberts, For this reason the tariff rate is an importaﬁt fa@té: iﬁ
determining the price of shelled filberts., 1In faét, ”ogothe landed duty
paid cost of Mediterranean shelled f£ilberts determines the maximum price
which can be obtained for domestic shelled filberts“"l’9 About 43 percent

of the shelled filberts are salted, consisting largely of imports,

laThe majority of the tree nuts used for salting were cashews (Table
VL), , , v

lgUnited States Tariff Commission, Edible Tree Nuts, (Washingtonm, D.C.,
September 1954), p. 12,
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o A :
Competition with Peanuts. Powell and Berberich 0 disguSSvand com-

pare the various uses and interrelated uses of peanuts and tree nuts; They
believe the competition maéh'be\ between tree nuts as a group and peanuts,
In many instances there may be practically nc competition between tree
nuts and peanuts due to the large price differentials and differences in
use,

Tree nut consumption onva shelled basis is far less than peénut
consumption. For example, in the 1950-52 period,'the salting and con-
fectionery trade used 285 million pounds of peanuts annually in compari-
son to 100 million pounds of tree nuts used in this same period, In all
uses peanuts (excluding peanut butter) were used to the extent of 290
million pounds compared to 169 million pounds of tree nuts, |

The salting trade in the l9§0w52 period used an estimated 212
million pounds of nuts of which 73 percent were peanuts while tree nuts
comprised the rest of the shelled nut mixtures,

Confectioners use more peanuts than all other nuts combined. 1In
the 1950-52 period, out of a purchage of 168 million pounds of shelled
nuts annually about 75 percent wgre‘peanuts, lEIpercent almonds, 5 per~
cent pecans, with the remaining 5 percent consisting of equal quantities
of f£ilberts, walnuts, cashews and brazil nutso21 |

To a limited extent peanuts compéte with tree nuts in the baking
trade, The baking trades use, as a percentage of the t@talgvapproximately
12 percent peanuts in comparison to 43 percent pe@ans énd 26 percent

walnuts,

2 o
OE@well and Berberich, pp. 22-23. The figures in this section are
taken from their report. -

21
Ibid, p. 22,

)
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Peanuts do not compete with tree nuts in ice cream m@nufacturing or
in household use (unsalted), In order of relative utilization, the pre-

dominating nuts in these uses are walnuts, pecans and almonds,

Governmental Marketing Programs

The marketing of the domestic supply of almonds, filberts and
walnuts is regulated under Federal marketing agreements and order pro-
grams pursuant to the Ag;icultural Marketing Agreement Act of 1937, as
amemdedaga In addition to guality controls for filberts and»walnuts,v
the programs are used for controlling the quantity of the three tree nuts
other than pecans going into the in-shell and the shelled market. These
controls are designed to enable growers to realize higher returns than
would otherwise be possible.

Supplementary to the marketing agreement and order program the
Department of Agriculture, pursuant to Section 32 bf Publi@'La@v320, as
am@n.decf23 has the authority t@ support the doﬁésﬁic ptice éf treé nuts
by diversion payments, export payments or surplus removal programs,
However, the Secretary of Agriculture and the Directors of the Commodity
Credit Corporation must approve the use of these programs in a}particular
crop disposal situation prior to their use,

Imports of tree nuts are regulated by the U.S. Tariff Commission,

In addition to regular import duties (Table VI1), additional restrictionms

may be placed upon the gquantity of imports when it is believed the imports

LgAgricultural Marketing Agreement Act of 1937, Public Law No. 137,
U.S. Statutes at Large, 75th Congress, First Session, L (Jume 3, 1937),
pPp. 246-249.

238e©ti@n 32 of Public Law 320, U.S. Statutes at Large, 74th.Congress
First session, XLIX (August 24, 1935), pp. T74=775.
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will interfere with domestic marketing programs or the amount of product
processed from domestic tree nuts. The regular duties are higherbon

imports of domestic-type tree nuts than on the other imported tree nuts,

TABLE VII

UNITED STATES RATES OF DUTY UNDER THE TARIFF ACT OF
1930 FOR EDIBLE TREE NUTS,‘1954a

Duty in Cents Per Pound

Rind of Nuts

Not Shelled Shelled
Almonds 595 : '16o5b
Almonds, prepared or preserved v 18°5b
Filberts 5.0 8.0°
Pecans | 5.0 - ' » o 10.0
Walnuts ‘ | 5°O 15,0
Brazil nuts 0.375 BN B -5
Cashews : S ‘;175 ;_ »;:“ ¢_ ““»,517;1;5

®United States Tariff Commission, Almonds (Washington, September
1957), Table 1, Appendix, and Powell and Berberich, p. 9.

bAdditi@mal fees imposed pursuant to Section 22: October 1, 1954-
September 30 1955-=10 cents per pound on imports imn excess of 5 million
pounds . o

“additional fees imposed pursuant to Section 22: October 1, 1954-
September 30, 1955--10 cents per pound on imports in excess of 6 million
pounds, In no case may an additional fee imposed pursuant to Section 22
exceed 50 percent ad valorem (exclusive of the regular duty). '

Almonds., The marketing agreement and order program for almonds
limits the domestic supply of almonds by de@laring‘a per@ent@ge of the

143

production &3 "surplus.” The "surplus' almonds are sold in outlets which

are noncompetitive with the remaining 'salable” almonds, In pra©tice,>
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the "surplus" almonds have usually been exported at prices lower than
that obtained for "salable"” almonds in the domestic market,

The quantities of almonds diverted by marketing agreement;and order
programs were: 4.2 million pounds of the 1951 erop; 5.3 milli@n pounds
of the 1952 crop; 5.9 million pounds of the 1953 erop; and 6.6 million
pounds of the 1954 crop, Most of these almonds were exported., However,
3.3 million pounds (shelled basis) of the 1951 "surplus" almonds were
diverted to crushing with the use of government benefit payments of 30
cents per pound under “Sectionm 32," and, in 1949, 2.4 million pounds of
shelled almonds were crushed, with benefit payments of about 30 cents per
pound924

Filberts. The filbert marketing order and agreement program is

2
ned in-shelled filberts between

designed to allocate the "merchantable
in-shell and shelled outlets. The percentage of the "merchantable" in-
shelled filberts diverted from the domestic in-shelled market, called
"surplus" filberts, may be exported in-shell, or shelled and sold in the
domestic market, |

The declared "surplus™ percentages of the "merchanﬁéble“ in-shell
filberts were: 25 percent for the 1949 crop year; zero for the 1950
crop year; zero for the 1951 crop year; 34 percent for the 1952 crop
vear; and zero for the 1953 crop year, Under Section 32 programs, 4.2
million pounds of in-shell ﬁilberts were diverted to the shelled market

26

aided by Govermment payment of about 6,5 cents per pound,

2
QUnlt@d States Tariff Commission, Almonds, (Washington, D.C.,
September, 1957), Table 13, Appendix,

25

Filberts meeting minimum quality and size standard.

2
6United States Tariff Commission, Edible Tree Nuts, (Washington,
D.C., September, 1954), Table 25, Appendix,
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Walnuts, The m@rketiﬁg of walnuts is controlled in a fashion similar
to that for the other nuts. In addition, due to the increasingly impor-
tant shelled walnut market, the Secretary of Agriculture in 1954 was
given the guthorization to declare an “over-all" surplus that cannbt be
marketed in the normal in-shell or shelled outlets, |

The declared "surplus" percentages‘of “merchantable"‘inwsheli
walnuts was: 30 percent for the.cr0p of 1949; lObpercemt for the crép
of 1950; 15 p@r@en& for the crop of 1951; 20 percent for the c¢crop of
1952; and 15 percent for the crop of 1953, The "surplus” walnuts were
shelled, Under Section 32 programs (1) 27.5 million pounds of in-shell
"merchantable" walnuts and shelling stock of the 1949 erop year were
crushed with the aid of government payments of about 10 cents péf pound
and (2) 3.25 million pounds, shelled equivalent, of "merchantable" wal-
nuts and shelling stock of the 1952 crop year were crushed with the aid
of Govermment payments of about 32 cents per poumd.gY

Pecans. The marketing of pecans was regulated from September 20,
1949, to October 1, 1957, only in the five states of South Carolinma,
Georgia, Florida, Alabama, and Mississippi. The marketing contrels
applied to grades and sizes and only to those pecans which were marketed
in-shell outside of these five states,

Under Section 32 programs the Government purchased 3.3 milli@n
pounds of shelled pecans at about 72 cents per pound, In lQSBVthe

Government purchased 0.6 million pounds of shelled pecans at»about 66 -

T1big.

(=)



cents per pound, The pecans that were purchased were distributed for

school lunches and other eligible non-competitive outletso28

28Ibid°

A ——"
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CHAPTER IILI
THE THEORETICAL FRAMEWORK

The objective of this chapter is twofold: First, ﬁ@ present briefly
somé of the theoretical considerations underlying the economic models,
and; second, to present some aspects of the statistical models, including
methods of estimation consistent with the postulated ecomocmic models.
Various theoretical and statistical tests based on the theory of related

demands are discussed,
Economlec Considerations

The Theory of Congumer Choice

It is assumed that the individual consumer possesses an utility
function U= U(Xl, XB’ ces Xn) and desires to maximize this qtility func-
tion in buying commodities (xl, Xa, coe Xn) at the market place. He is
faced with two restrictions., One is the price of the commodities (Pl,
Poy oo Pn) which are determined on the market, and which the individual
consumer takes as given, The second restriction is that the consumer is

assumed to have a given money income (M), the entire amount of which is

spent on the n commodities. This may be written as
MszPi .x-" (.:301)

since in spending his entire income the consumer desires to maximize U
or some F (U), the problem is one of determining his demands for the n

commodities such as to maximize U under the given restraints,

33
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By making use of the Lagrange multiplier ),, the restrained function

which is to be maximized may be written as

wax. [u A, x, - M)] : (3.2)
1,

Setting the first order partial derivative equal to zero and solving, we

find

U, = )\pi i=(1,2, ...n), (3.3)

1

. 59 -
where U, = &U/in = the marginal utility of Xio . Equation (3.3) is the
condition for consumer quilibrium; it is an equalization between the
marginal utility of Xi,and the price of Xi, multiplied by A 030 It
expresses the consumer's demands for commodities under the monetary re-
straint of M = g Pi Xi

individual consumer, According to equation (3.3), in equilibrium A can

and the assumption that prices are given to the

be put in the form

U U
)\'g Pl = 2 e 50 I n o (304>
1 2 n

Equation (3.4) states that the consumer is in equilibrium when the
ratio of marginal utility to price for all goods is equal. Condition
(3.4) can be expressed such that the marginal rate of substitution between

any two commodities is equal to the corresponding price ratio <Pi/Pj> or

5 L
=5 (3.5)

2gJ° R. Hicks, Value and Capital, (Oxford, 1946) p, 305,

30

Where Angorresponds to Marshall's marginal utility of money.
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Equations (3.1) Z P, X, = M and (3.3) u, = A‘Pi are the necessary
i
conditions for the maximization of U, Sufficient conditions are

2 n m
d°U = 2 U, dX, dxj <0 (3.6)
j=1 =1 ™

subject to

31

These are the stability conditions as given by Hicks, The condition
dEU < 0 indicates that the marginal rate of substitution must be diminish-
ing for substitution between commodities in every direction or that the
indifference curves are convex to the origin,

It is important to note that the results obtained in the maximizing
procedure are invarient for the substitution of F(U) for Uo32 We can
therefore go from a cardinal utility function to & scale of ordinal prefer-
ences, The consumer's behaviar is now explained in terms of his prefer-
ences which are, in turn, generated by his behavioral responses to the
surrounding environmental stimuli instead of the undefinable utility
surface,

The theoretical effects brought about by a change in the consumer's
income or a change in the prices confronting him have been presented in

33

detail in many publications analyzing demand behavior. Since the

Blﬂicks, p. 306,

3211o G. D, Allen, Mathematical Economics, (New York, 1957), p. 660

33Th@ reader is referred to Allen, Chapter 19; Hicks, Chapter II,
11T and pp. 307-311; and Henry Schultz, The Theory and Measurement of

Demand, {Chicago, 1938), Chapter 1, pp. 569-582, pp. 607-628, and pp,

Ohb=654 ,
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primary concern of this study is to investigate demand interrelationships,
we turn directly to a comsideration of concepts dealing with related

demand theory,

Demand Interrelationships

The market demand function for a particular good can be obtained by
the summation over all demand functions of individual consumers, For

commodity 1 the market demand function may be writtem in linear form as

Prp =81 % D@y # byl + b0, (3.7

where Pl represents the price of commodity 1; Ql and Qg are the supplies
of commodities 1 and 2; and I is aggregate consumers' income.

The coefficients of equation (3.7) define the nature of demand for
commodity 1 and the nature of the demand interrelatiomships, The nature
of demand for commodity 1 is indicated by the magnitude and the sign of
bll' In general the sign would be negative, indicating the expected
inverse relationship between the quantity taken and the price paid for a

commodity, The sign of bl is usually positive since the price of a

3

commodity and the income level are usually positively related, Infrequent-
ly there may be cases where b13 would be negative., Commodity 1 would then
be referred to as an inferior good,

Demand interrelationships between commodity 1 and 2 are indicated by
the sign and magnitude of bl@' The sign indicates the type of relétion
and the magnitude indicates the intensity of the relatiom. Commodities
1 and 2 are said to be competing in demand if blz < 0, that ié; an
increase in the supply of commodity 2 would depress the price of commedity

1. They are said to be independent in demand if b o ® 0, that is, an

1
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increase in the supply of commodity 2 would have no effect on the price of
commodity 1. A complementary relationship is indicated if b12 > 0, that
is, an increase in the supply of commodity 2 would have the effect of in-
creasing the price for commodity 1,

If the commodities were perfect substitutes for each other, on & unit
for unit basis, b12 would not only be negative but it would also equal
bll" This would mean a change in the supply of commodity 2 would have
the same effect on the price of commodity 1 as a change in the supply of

commodity 1. The consumer would be indifferent to the commodities.,

The "Hotelling Conditions". The market demand function for commodity

2 can be written in the same form as equation (3.7)

(3.8)

P, =a,+b

pp = 8 F By Qe ¥ PagQy b Bysl,

where Pg represents the price of commodity 2 and the other variables are
as defined previously,

34

The "Hotelling conditions" as referred to by Schultz” 1is a condi-
tion of the rationality or consistency of consumer behavi@r for commodities
related in demand., According to the "Hotelling conditioms' if commodities
1l and 2 are related in demand, the change in the price of 1 brought about
by a change in the quantity of 2 should equal the change in the price of

2 brought about by the change in the quantity of 1. This adds an addition~

al restriction upon the parameters of equations (3.7) and (3.8). If, for

example, commodities 1 and 2 are competing in demand, not only should b12

‘%S@Tmulﬁ:z(9 p. 581.



and bOl be negative, but according to the "Hotelling conditions™ b
(=4

35

12
should equal bBl'

The"Rough Test". Schultz suggests the use of the "rough test”36

distinguishing between commodities that are completing (complementary) or
competing in demand., The test is one of comparing the price ratios and
consumption ratios of the twe commodities. If the two commodities are
completing it would be expected that the ratio of the consumption of one
to that of the other would fluctuate less than their corresponding price
ratios. When the goods are competing it would be expected that the price
ratios would fluctuate less than their corresponding consumption ratios.
37

However, several objections have been raised to the use of this test,

Measurements of Competitive Relations. Three other methods used to

measure the competitive relations between commodities in demand are (1)
the demand and cross-elasticities, (2) the relation of consumption ratios
to price ratios, and (3) the indifference functiommm Although the three
measures are designed to measure the same thing (that is, the competitive

relations between two commodities) and they involve the same variables, it

35Ther@ are two limitations to the validity of the "Hotelling con-
ditions" from theoretical considerations. One is that it is based on the
assumption that utility is measurable; the other that the marginal degree
of the utility of money is constant., Both these limitations are over-
come by resorting to another test based on the theory presented by Slutsky,
See Schultz, pp. 620-624,

368@hultz, pp. 571-572,

375@@ Charles C. Peters and Walter R, Van Voorhis, Statistical Fro-
cedures and Their Mathematical Bases, (Mew York, 1940}, pp. 78-79;
Kozlik, pp. 654-56; Sidney Hoos, "An Investigation of Complementary
Relations Between Fresh Fruits: A Rejoiner," pp. 528-529,




39

has been shown that, while it is possible to go from the demand functions
" to the ratios or the indifference surface, it is impossible to go the
other wayo38
The relation of consumption ratios to price ratios is used as a
short-cut method to estimate the elasticity of substitution (ES)° Empiri-
cally it can be defined as
d(X,/%,) Pl/P2

B, = aE, /2y X /X, (3.9

1 and P2° This concept, defined

as an estimated measure of the "ease of substitution” of one commodity for

for two commodities Xl and X2 and prices P

another along an indifference curve, is not a very useful concept in esti-
mating demand interrelatiomns. Morrissett, in reviewing the use of this
concept in interrelated consumer demand studies, points out that in most
of the previous rasearch the original assumptions underlying this concept
have not been adequately recognized. He concludes his article in agreeing
with Pigou that "... there is no gain in working with Es, which is a com-
bination of price elasticities and cross-elasticities, rather than working

. C e ) 9
with the latter elasticities dlrectlya”B

Economic Models and Methods of Estimation

The construction ¢f an econmomic model is an attempt to explain or

describe in simplified form the underlying relationships which generate

38

391rving Morrissett, "Some Recent Uses of Elasticity of Substitu-
tion~-A Survey," Econometrica, Vol, 21, January 1953, p. 61.

Meinken, Rojko and King,vpp° Ti1-735,
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the jointly dependent economic variables cobserved in the sector of the
economy being analyzed., Using the economic model as a base, a method of
estimating the structural parameters has to be determined. The estimating
procedure should be consistent not only with the hypothesized economic
model but the assumptions underlying the statistical technique as well,
Onee the estimating procedure is determined and the statistical assump-~
tions supplied, the set of structures can be referred to as the statis-

tical model,

The Single Equation Model

When it can be sssumed that the path of a single variable, referred
to as dependent, is "explained" or generated by a set of variables which
are independent of the gction of the dependent variable, the single equa-
tion model is appropriate,

The method of estimation usually used to obtain estimates of the
structural parameters of the single equation model is the method of least
squares, This method of estimation consists of minimizing the sums of the
squares of the deviations of the observed values from the estimated values
of the single dependent variable°

The single equation model can be written as

k

Y =A+ Z
E i1

Biz ¢ * U (3.10)

i t

where Y represents the estimated dependent variable; A the constant value;
th the independent variables (i = 1, 2, .,. k}; Ut the random distuz-
bances; and t = 1, 2, .,, T the number of observations. The Zitﬁs are

assumed to be fixed, independent of Ut and measured without erxrror. Any
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errors of measurement are assumed to be associated with the one dependent
variable and are reflected by the disturbance factor Utj’ which also
reflects the effects of omitted independent variables, Estimates of the
structural parameters, the Bi“s, are obtained by minimizing the sums of
squares of the errors about the dependent variable. That is, the sum of

squares
T
N\
2 Y, -Y.) : (3.11)

is minimized by the well-kmown technique of least squares, where Yt is
the observed value and §t the estimated value of the dependent variable,
Historically, this method of estimating parameters has been of
significant importance in the empirical work dome in demand analysis,
It uses & simple te@hmiqﬁe to estimate the parameters which is not
computationally laborious, A researcher may gain in both time and finan-
cial resources in usiﬁg this technique and in wany cases more elaborate
methods will not give more usefui results,40
One of the main criticisms directed against the use of the least

squares approach is that in theory, and quite likely in fact, the observed

variables are generated through the interdependence of mutual economie

QOKarl A, Fox, "“Structural Analysis and the Measurement of Demand
for Farm Products," Review of Economics and Statistics, 1954, pp. 57-66,
points out how in many instances the single equation approach can be
used successfully in estimating the demand for farm products,




for@@é,Ql This sexriously limits the use of the single equation technique
since it fails to take into account the joint and simultaneous determina-
tion of the ecomomic variables., When a jointly dependent relatiomship
exists a method of estimation should be used that takes inte g(:;cnms*.:E.,dem.:“av-=

tion all the available information for a simultaneous solution,

The Simultaneous Equation Model

The simultancous model is a model for which it is postulated that

the economic variables are generated by a complete system of equations
hich have to be solved simultaneously., As in the single equation case,
the statistical model is constructed so as to be comsistent with the
underlying sconomic model.

A complete general model of structural equatioms may be written

_ {
Mé-ﬁ-AzéaUé t=1,2.,, T {3.12)

as

where B is a G x € nonsingular matrix of the linear coefficients of G
endogenous variables in transposed row Y” A is the G x K coefficient
matrix of the K exogenous or predetermined variables im Zé; and Ué is the

transposed row vector of ¢ disturbances, one relating to sach equation.

lTrygve Haavelmo, "The Statistical Implicatioms of a System of
Simultaneous Equations,” Econometrica, 1943, p. 7 says that when one has
to deal with a system of joint relationships the “system should, for
statistical purposes be considered as a system of transformations, by
which to derive the joint probability distribution of the observable
variables from the specified distribution of the error terms. And then
to avoid incomsistencies, .,. all formulae for estimating the parameters
involved should be derived on the basis of this joint pr@bablllty law
of all the observable variables involved in the system.’
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In comnection with such models; the following assumptions are usually

made°4 The elements of B and &4 are assumed linear and the following

0

assumptions are made regarding the random elements Uitg

1., The U, are independent of the z,
it it

2, The Uit are normally distributed with zero mean and finite
2

&
variance @ ,

3., The Uit are jointly dependent with covariance E<Uit th) = Gij’
1 = 1,2, ,..C, £ #j,t=1,2, .,.,7T,

4, The Uit are independent over time, t =1, 2, ,,. T
E(U, U ) = 0, That is, there is no serial correlation in

it “it=0
the residuals,

Four distinct types of structural equations may be contained in the
modal., They are: (1) behavioral, (2) identities, (3) technical, and (4)
institutional equations, Only behavioral equations are dealt with in this
study, '"The behavior equations represent the joint response of groups of

g . 4
individuals or firms to common stimulus,” 3

An example is the interrelated
demand equations for two different types of tree nuts,

-. Variables in the behavioral equations are defined as to their in-
fluence in the statistical model, '"The endogenous variables are those

whose observed values, or probability distribution of the observed values,

, , 4 -
are determined by the structural relatioms," 4 They are J@l@tly

7

bes

George G. Judge, "An Econometric Analysis of the Demand for Eggs,”
{unpublished Ph.D, Dissertation, Iowa State College, 1952), pp. 28-23,

QSGEOIge G. Judge, Economic Analysis of the Demand and Supply Rela-
tionships for Eggs, Storrs Agricultural Experiment Station Bulletim, No,
307, (January, 1954}, p. 6.

441bido
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dependent. "The exogenous variables are those whose observed values, or
probability distribution of the observed values, are determined independent
of the structural relati@nsn"45 While exogenous variables influence the
generation of endogenous values, they in turn are not influenced by the
endogenocus variables,

Another type of variable is the predetermined variable. 4 predeter-
mined variable is a variable whose observed value is determined independ-
ently of the current structural relations. An endogenous variable with
@ designated time iag would £it in this category.

Identifiability., The identifiability of the structural eguation has

to be established before the estimation process is carried out, The
necessary identifiability conditions on a single structural equation are
summarized by Judge as:

Ké% > G¥% = 1

. » Where G is the number of structural equations or endogenous
variables appearing in the model; G* is the number of endogenous
variables in the structural egquation to be estimated; G*%* is the
number of endogenous variables appearing in the model but not
appearing in the structural equation to be estimated; K is the
number of exogenous or predetermined variables in the model; K¥
iz the number of exogenous or predetermined variables in the
structural equation to be estimated; and K*¥% is the number of
exogenous or predetermined variables which appear in the model
but not in the structural equation to be estimated. Thus:

G* &+ G*¥* = G

K¥ 4. Kh* = K46

[}

If X% = G¥ - 1, the equation is said to be just-identified., If

k&% > G% - 1, the equation is over-identified and similarly if K¥% < G% - 1,

lebide

46Ibida
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the equation is under-identified and estimation of the parameters are not
possible,

Methods of Estimation. Each of the endogenous variables can be

expressed in terms of all the exogencus variables if the structural equa-
tion is just-identified., Equations of this sort are referred to as
reduced form equations, Estimstes of the coefficients of the reduced
form equation can be obtained by the method of least squares in that the
equation contains only one endogenous {or dependent) variable,

From the gemeral model of structural equations (3,12), we can go

to the reduced form in the following manner,

0 @ g 70
BYt 4 AZt Ut (3.13)
“Lows _ o Lligs -1
B BYt = =B AZt + B Ut (3.14)
0 o 1 D
¥ s 7fzt + V) (3.15)
w@exe‘ﬁ/é mBu%A and Vé = B-lUé, Equations (3.14) and (3.15) imply B is
. &7

non«singuléro
When the structural equations are all just-identified as they are in
this study and normalization is toc be made on predetermined variables,
a‘meth©d of going from the reduced form equations to the structural equa-
tions by an algebraic transformation of the reduced form coefficients is
given by F@ot@,48 This method is used in this study and is demonstrated

below for a three equation model,

47,

The "method of moments" may be used also to estimate the structural
coefficients when the structural equation is just-identified. Judge pre-
sents the computations nscessary, ibid., pp. 49-51.

@Richard J. Foote, Apalytical Tools for Studying Demand and Price
Structures, U. 8, Department of Agriculture Handbook No, 146, (Washingtonm,
August 1958}, pp. 90-92,
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The reduced form equations may be written as:

Py = bllql 4 blzqg + b13q3 + €11 o 1ot (3.16)
Pp = By + bogly + bygly + cp Y F oy (3.17}
Py = Bgydy + Dody + bogdy + S50y + ot (3.18)

where the endogenous variables are Pys Pgo and p3, the prices of the three
@@mm@diti@s; the exogenous variables or predetermined variables are Qs
Ao s qay the guantities consumed, and y and t represent other exogenous
variables, income and time,

Equations (3.16), (3.17), and (3.18) may be written in matrix nota-

tions as:
1] 9 7
Pt = BQt P Gzt (3.19)

Multiplying (3.19) by Bul and rearranging terms the structural equations

are obtained and are written as

1

Q) =8 'p! - B 'ez; (3.20)

=L
where the elements of B ~ are the structural parameters relating to the
. -1
endogenous variables and the elements of B "C are the structural param-

eters relating to the exogenous variables.



CHAPIER IV
THE CHARACTERISTICS OF THE DEMAND FOR PECANS

In this chapter the demand relationships within the pecan industry,
at the grower level, are investigated. Procedures followed in this
investigation are (1) to construct alternative models explaining price
formation in the pecan industry; (2) to select sample time periods and
present the data which were chosen to reflect the included variables; (3
to postulate the algebraic form of the relationships hypothesized in the
models, and (4) to estimate the parameters associated with the models by

alternative methods,
Model I: Single Equation Model of the Demand for All Pecans

Discussion of the Model

Based onvthe tenets of economic thecry and a consideration of the
descriptive aspects of the pecan industry it is postulated that the
demand for all pecans at the grower level is a function of the quantity
of pecans sold, the level of consumer income and the influence of com-
‘"modities that are related in demand with pecans.

Prices received by pecan growers are assumed to be determined by
economic forces operating during the marketing season, while the other
factors in the model are assumed not to be influenced by the price of
pecans, Among these other factors are the quantities of pecans marketed
and consumed each season, Quantities of pecans consumed are assumed to

be the quantities produced within the season. Since production in the

47
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@urrent season is not affected by current market price, the quantity
variables are said to bes predetermined, Two problems arise when the
assumption is made that production is equal to consumptiomn. First, the
quantity of pecans actually harvested, as contrasted with production, may
be determined to some extent by prices prevailing during the harvesting
period. Therefore, the validity of assuming supply is predetermined might
be questioned. The other problem is concerned with storage, If there
are large amounts of pecans stored by growers or by marketing organizations
the price of pecans will be affected nbt only by the current production
but also by the quantities of carry-in and the quantities of production
stored for future saasmns,4

Consumer income is included in an attempt to reflect the influence
of changes 1n consumers’ purchasing power as a demand shifter. The income
variable can be assumed to be independent of pecan sales since pecan pur-
chases constitute only 4 small part of the consumer’s budget. It would
be expected, however, that changes in aggregate consumers' purchasing
power to influence prices received by farmers for pécans, by shifting the
level of the demand function.

To some’extent prices of all other commodities influence purchases of
pecans, but it would be impossible to estimate the relationships between
pecans and all other commodities. Therefore, only those commodities which

are believed to have the most influence on pecan prices are included in

4 . .
QSince data are not available showing the amount of storage or of
pecans not harvested there is mo way to adjust the quantity variables
for these discrepancises,
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the models., These commodities, assumed to be independent of pecan sales,
are domestic supplies of other domestic tree nuts and pecan imports,

Time is included as a trend variable., This variable reflects the
effects of excluded factors upon demand that change oveﬁ time,

When it is assumed there is only one dependent variable and all the
other variables are independent of changes in the dependent variable, a
single equation model is appropriste. In Model I, the demand for all
pecans 1s postulated to be of the form:

B iY pA

1 ar ¥ ¥13%3c T P17k T Yiglee T %1 10f00: F

% 11f11e * Vie (4.1)

where Ylt represents the season gaverage price recelved by growers of all

e ¥ %

pecans; ZEW and Z_, ere the quantities produced of seedling and improved
=g

3t

pecans, raspesctively; is the actual consumers' disposable income; 2

Z?t
is the time variable with origin 1922; Z

8t

10t is the production plus imports

of walnuts, filberts and almonds; and Z is the quantity of pecan

1lt

imports,
The Yit”s denote endogenous or dependent variables; the Zit"s

exogenous or predetermined variables; U, represents the residual errors;

it

and ¢t = 1, 2, ,.., T, the time period of the observations.

The Data

The data used to estimate the parameters in the postulated model arxe
collected from secondary sources and are in the form of time series, It
is believed the time series selected are generated by the economic forces
represented in the models. If they are measured with sufficient accuracy,

they should yield results acceptable for use,
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The time period selected is from 1922 to 1955. Observations for the
war years 1942-46, inclusively, were excluded from the analysis, This was
done primarily because of price controls and other abnormal conditions
influencing consumer and producer behaviour patterns which resulted in a
period non-comparable with other periods used in the analysis.

Data on prices and income are deflated by the consumer price index°50
It is realized that full allowance cannot be made for changes in the
general price level except in the case where the relationship between the
deflator and the origimal series are in a one-to-one ratio; morecver, omnly
rarely would one expect a time series to meet this rigid specification,

To adjust for the influence of general growth factors, such as an
increase in net population, the quantity and income series are put on a
per capita basis, The estimate of total population as quoted by the
Department of Agriculture from the Bureau of Census consists of the
eivilian population residing in the continental United States plus all
Armed Forces of the United States, including those members overseas, as of
July 1 of the year indicated.

The time series representing the price-quantity relations are aggre=-
gates measured at the grower level for the crop year., Each series is
treated as if it consisted of homogenous items, Actually, however, this
is far from the case since each series represents a composite of factors,

such as different grades, sizes, location of purchasa and pericds of sale

SOThe consumer price index is based upon a price series prepared by
the Bureau of Labor Statistics that measures the time-to-time changes in
costs of fixed quantities of selected goods;, rents, and services used by
moderate income families in large cities.
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within the seascn., All these different components, however, are included
in one figure and aggregated over the entire marketing period,

The income variable is represented by actual disposable personal
income for the calendar ysar as quoted by the Department of Agriculture,
This series is defimed as ",.,.., the actual current income receipts of
persons from all sources, less personal tax and nontax payments to federal,
state, and local govermments., It is the clqsest overall statistical
approximation to consumer purchasing power éerived from current incwmesn“ﬁl
As the majority of pecans are purchased in the last quarter of the year
it could be argued that the income series should be income during the
last guarter or last half of the year instead of the entire calendar year,
This adjustment, however, was not attempted in this analysis.

The adjusted tims series data are presented in Table VIII with a des-
cription of sach of the series, The basic series from which these tables

were computed are given in Appeundix A,

The Algebraic Form of the Equation

Isually, equations in this type of amalysis are assumed to be linear

in ratural units or in common logarithms, A priori there is little reason
for choosing one functional form over the other, although the logarithmic
form has an advantage in that the estimates of the coefficients czn be
directly interpreted as elasticities. From a statistical viewpoint, Foote

makes the following comment:

124

lenit@d States Bureau of Agricultural Economics, Consumption of
Food in the United States, 1909-52, Agriculture Handbook No, 62,
(Washington, D.C., September 1953), p. 176,




TABLE VIII

TIME SERIES DATA FOR MODELS PRESENTED IN CHAPTER IV

Year Y Y Y 2. Z Z

1 2 3 2 3 7 8 10 11
1922 37,01 26,12 62,15 .0718 .0313 756 1" 1,624 2,243
1923 26,47 19,34 58,30 ,4242 .0939 845 2 1,602 . 7000
1924 32,01 25,44 59,92 ,2703 .0627 834 3 1,846 2,382
© 1925 29,47 23,07 50,13 3467 ,1063 848 4 1,912 .8748
1926 20,63 15,61 42,99 6672 .1493 861 5 1,508 .9532
1927 27.76 20,75 47,71 . ,2266 .0802 869 6 1,745 .2185
1928 22,65 16,37 40,38 L4195 1494 891 7 1,422 L4490
1929 20,05 15,55 43,25 ,3654  ,0725 930 8 1,864 L6002
1930 20,87 15,13 38,79  .3514 1127 846 9 1,549 .4086
1931 12,00 8.92 21,38 5360 ,1774 792 10 1,366 .3718
1932 10,27 7,53 23,12 L4521 .0946 668 11 1,384 .0192
1933 14,47 10,85 23,51 L4448 1847 658 12 1,018 .5661
1934 22,03 19,23 27,10 22904 1540 719 13 1,189 .8188
1935 11,58 8.52 21,12 . 7470 .2316 782 14 1,547 .5495
1936 20,91 16.19 24,79  ,2149 .2518 872 15 1,380 .0952
1937 12,54 9.45 17,75 ,5214  ,3108 897 16 1,593 .3610
1938 15,59 11,94 19,57 .3007 .2719 839 17 1,318 .2974
1939 16,33 ' 13.13 20,54  ,4287 .3128 906 18 1,624 .4301
1940 14,86 11,52 21,37 ,6113  ,3189 962 19 1,203 .2710

1941 16,38 13,51 20,35 .5272 .3857 1,108 20 1,422 .0030

1947 23,35 19.16 30,78 .5164  ,3136 1,228 26 1,862 .9604
1948 11,87 9.73 14,78 .6720  ,5288 1,245 27 1,939 .3254
1949 18,47 16,70 21,41 .5066 .3358 1,239 28 2,130 1917
1950 28,02 25.00 30,93 ,4077 L4139 1,322 29 1,869 .9209
1951 17,75. 15,50 19,55 ,4413 ,5738 1,319 30 1,925 1,0078
1952 19,47 16,56 22,20 ,4578 .5068 1,332 31 1,999 .6331
1953 14,25 12,85 15,56 .6764  ,6655 1,371 32 1,616 .3853
1954 24,91 21,95 24,48 .3128 .2697 1,365 33 1,878 .5450
1955 28.65 25,85 35,72 .6319 -~ 2565 1,428 34 1,759 1,2260

Y, is the season average price, on a cents per pound basis, recelved by

growers of all pecans, deflated by the consumer price index,

Y, is the season average price, on a cents per pound basis, received by

growers of seedling pecans, deflated by the consumerprice index,

Y3 is the season average price, on a cents per pound basis, received by

growers of improved pecans, deflated by the consumer price index,

Zy 1s the seedling pecan production on a pounds per capita basis,

Z3 is improved pecan production on a pounds per capita basis,

Z7 is actual disposable personal income, dollars per capita, deflated by
the consumer price index,

2g is the time period, origin at 1922.

Z10 is the supply of competing nuts, on a pounds per capita basis, This
series was computed by adding domestic production of almonds, filberts,

walnuts to the imports of each of these nuts.
Z11 is the total imports of pecans (in-shell basis), pounds per 100 persons,
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...logarithmic equations should be used when (1) the relation-
ships between the variables are believed to be multiplicative
rather than additive, (2) the relations are believed to be
more stable in percentage rather than absolute terms, and

(3) the unexplained residuals are believed to be more uniform
over the range of independent variables when expressed in per-
centage rather than absolute terms,

In this study both functional forms are used, Equations in patural units
are presented in the text while the logarithmic forms are presented in

the Appendix,53

Empirical Results

The empirical result of estimating the demand for all pecans, using
the method of least squares is:

Yl = 9,4400 - 17.6035Z, - 19.3067Z, + 0.0344Z_ - 003984Z8 - 4,22322

(5.0143)°  (3.4860)° (5.5631) (3.1051)° (1.5580)%°
R® = 3982 + 4.69392 (4.2)°%
(4.7673)

The "t-ratios" are shown in parentheses directly below each of the
net regression coefficients. The t-ratios indicate that all coefficients
are significantly different from zero at the 5 percent level, considering

both tails of the t-distribution, except the coefficient of 2 The

10’

coefficient of Z is significantly different from zero at the 20 percent

10
. 2y i oas

level, The coefficient of determination (R™) indicates that 89.8 percent

of the variatiom in the price of pecans was "accounted for" by the combined

influence of the independent variables in the equation, The t-ratios and

52Foote, Pe. 37

53& prime attached to a model number indicates that the equations in
the model are postulated to be linear inm the logarithms of the vardables.

4 ; .
7 The logarithmic forms of the equations are presented in Appendix
B and can be used as a basis for comparison.
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the coefficient of determination are presented for all the equations
estimated by the method of least squares in the same format as above,
Conditional inferences may be made from the net regression coeffi-

cients to describe the average relationships, ceteris paribus, prevailing

during the time period amalyzed, Examples of these types of inferences
are:

{1) A change of one pound per capita in seedling pecans produced
(22) was associated, on the average, with a change in the
opposite direction of 17.60 cents per pound in the '"real”
price received by growers of all pecans;

(2) A change of one pound per capita in improved pecans produced
(23)_was associated, on the average, with a change in the
opposite direction df 19,31 cents per pound in the "real”
price received by the growers of all pecans;

(3) A change in "real” per capita disposable income (ZT> of
one dollar was associated, on the average, with a chamge in
the same direction of .03 cents in the "real"” price received
by growers of all pecans,

The signs of the net regreésion coefficients, except for le, agree
with a priori expectations. The negative sign of the coefficients on Z2
and 23 are indicative of the inverse relationship between production and
the price of pecans. A change in the quantity of improved pecans appears
to have a greater influence on the price received for all pecans than a
change in the quantity of seedlings., This could be accounted for by the
usual higher shell-out for improved pecans than for seedlings. The

coefficient of the time variable (28) is negative and highly signifieant,
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according to the "t~test,” indicating a factor or a.@@mbinatiQH of factors
moving over time is inversely related to Ylu The negative sign on the
coefficient of ZlO (the supply of other domestic tree nuts besides pecans)
exenplifies a competitive relationship between pecans and the other tree
nuts,

The positive coefficient of le (imports of pecans) is in disagree-
ment with its theoretical counterpart. It would be expected for imports
of pecans to be competitive with domestic pecans. However, it could be
argued that the sign is positive because imports of pecans are not, in

25

reality, independent of domestic price, In fact, in years when there
is a high domestic price more foreign supplies are sought., Actually the
competition of pecan imports with domestic pecans is probably not too
great an influence because of the small amcunt of pecans grown outside

56

the United States,”.
Two Equation Models: The Demand for Seedling and Improved Pecans

Model IL

Discussion of the Model. The two equation models contain all the

same variables as the single equation models except the variable represen-

ting price received for all pecans., The weighted average price wariable

§5Note that the magoitude of this coefficient is higher tham it
would be if this time series were on the same population base as the
other quantity time series in the equation. The other time series are
on per capita basis, while iwmports are on the bases of pounds per 100
persons, :

56@nly 5 percent of the world'’s pecans are grown outside the United
States, In the 1949-52 period pecan imports were only .6 percent of
domgstic production,
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for all pecans is replaced by two vari@bles representing the prices of
seedling and improved pecans,

Seedling and improved pecans are readily substituted for each other,
Since it is assumed that the quantities of each are predetermined, the
postulated model should reflect the joint determination of their prices,
Prior to the development of the simultaneous technique of estimating
parameters, the single equation approach was usually used in studying
demand relationships, and it was one of the methods used in this study,
In using the single equation approach the price of each type of pecan is
assumed dependent while the quantities sold and the other varisbles are
assumed to be independent, Two single equations are estimsted, first
using one price, then the other; and then by comparing the coefficients
of the two quantity variables, inferences are made regarding dem@nd
relationships,

In contrast, a simultanecus approach is used in which the joint
determination of the prices of seedling and improved pecans cam be taken
into account explicitly in the estimating procedure., This is done by

57

algebraically transforming the single equation estimates into just-
identified estimates, The price variables are thus hypothesized to be
endogenous and simultanecusly determined within the system., The just-
identified structural equations in the two equation mode 1 are postulated
to be of the form:

Bacor ¥ Pag¥ae * Foar ¥ Y27 ¥ Yas’ar ¥ %2,10%10,0

= 7
% 1%, © Ve (4.3)

DYRefarred to in Chapter III as the reduced form equation,



o7

Ny o4
Bap¥o, + Bag¥ay + Bgglay + Qg lo, + CoZy o &3,10210,t

+ @3,llzll,t = U3t (4.4)

where Yot and Y represent the season average price receilved by growers

3t
of seedling and improved pecans, respectively; the other variables are
as defined before,

The data representing the ''real" prices received by growers of
seaedling and improved pecans are included in Table VIII with the other

time series. The time period and the form of the equations are the same

as for the previcus model.

Empirical Results,

(1) Single equation estimates. The empirical results of the

single equation estimates are:

€, = 5,1905 - 13.4700Z, - 18.39842, + 0.0272Z, - 0.1613 2 - 3.1751Z
= (4.1676)°  (3.5910)° (4.7617)7 (1.3595) © (1.2662)
Rg = ,8675 o+ 3.,99202ll {(4.5)
(4.3827)
Y3 = 6.8566 - 8,860222 - 35,423823 + 0.06342Z,_, - 1.55412, - 2,7113Z,
(1.8536)°  (4.6971)° (7.5305) (8.8960)° (0.735)
Ra = ,9552 + 6°9088211 (4.6)
(5.1530)

The value of the net regression coefficient of Z8 (time) in equation

(4.5) and of 2 in both equations (4.5) and (4.6) are not statistically

10

significant at the 5 percent level. The values of all the other net

regression coefficients are significant at the 5 percent level except

for Z, in equation (4.6), Its value is significant at the 10 percent
&=

‘ 2
level, Compared with equation (4.2) the value of R for equation (4.5)

2
decreased while R~ increased for equatiom (4.6). The signs of the net
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regression coefficients are consistent with theoretical considerations
except, as before, for the sign of the coefficient on leo

Using these equations, inferences can be drawn regarding the demand
interrelations between seedling and improved pecans. The sign and magni-
tude of the coefficient of the quantity of one type on the price of the
other type exemplifies the demand interrelationships. The negative sign
of the coefficient on 23 in equation (4.5) and on Z2 in equation (4.6)
indicates that the two types are competing in demand., Economic theory
suggests that the price of a commodity would be influenced more by a
change in its quantity than a change in the quantity of & related com-
modity. This, however, is not the case in equation (4.5) where the
gquantity of improved pecans influences the price of seedlings to a great-
er extent than does the quantity of seedlings, This is probably the
raesult of the higher shell-out percentage for improved than for seedling
pecans.

If seedling and improved pecans were perfect substitutes, on a
pound for pound basis, the coefficients of Z2 and 23 would be approxi-

mately equal. These coefficients, with their standard errors inm paren-

theses, from equation (4.5) are:

—13,470022 and -18.398423;

(3.2476) (5.1235)
and from equation (4.6) they are:

-8.86022, and ~35.4238z3,

(4.7805) (7.5416)

The coefficients gre approximately equal, within one standard error in
equation (4,5), but in equation (4.6) this is not so. The implication is

that while improved pecans are a perfect substitute for seedlings, the
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converse is not true, Examinations of their uses would reveal why this is.
so; whereas improved pecans can readily substitute for seedling pecans in
shelled form, seedling pecans cannot readily be substituted for improved

58

pecans for in-shell use.

(2) Just-identified estimates. The just-identified results with

quantities expressed as a function of all other variables are:

2, = ~0,1128Y, + O.,0586Y3 - 0.00062

2

+ 0.0728Z¢ - 0.19922

1
+ 0.04552 (4.7

Z., = +0.0282Y, - 0.0429Y, + 0.0019Z_ - 0.0621Z

3 - g ° 0,0267210

3
‘ 59
001836211 (4.8)

+

Assuming that production is approximetely equal to consumption each
season,éo the equations may be interpreted, geteris paribus, as follows:
(1) A change in the '"real” price of one cent per pound received
by growers of seedling pecans was associated, on the average,
with a change in the opposite direction of .1l pounds of
seedling pecans demanded, pexr capits,
(2) A change in the "real” price of one cent per pound received
by growers of improved pecans was associated, on the average,
with a change in the same direction of ,06 pounds of seedling

pecans demanded, per capita.

58Most of the seedling pecans are shelled and almost all of the in-
shell pecans are of improved varieties.

59

Standard errors were not computed for the simultaneous results,

60 : . ) u , s
As was previously discussed, this assumption may be invalid if
pecan stocks are carried over for future seasons by farmer organizatioms,
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(3) A change in "real" per capita disposable income of one dollar
was associated, on the average, with a change in the opposite
direction of .00l pounds of seedling pecans demanded, per
capita.

In comparisen with the single equation estimates two apparent differ
ences are noted in the just-identified results. One is the unexpected
negative income effect indicated by the negative sign of the coefficient
on 27 in equation (4.7). This means that as income increases a smaller
quantity of seedling pecans is demanded,. One argument that could be
advanced for this negative income effect is that as income rises people
desire more pecans but bought fewer seedlings. If people preferred in-
shell pecans and the type of kernel the improved pecan produced,61 they
might shift their purchases from seedlings to improved pecams as incomes
increased. The other difference is the change in the relative magnitudes
of the coefficients indicating the competitive relationship between seed-
ling and improved pecans, as given in equationm (4.7) in comparison to
equation (4.5). Seedlings and improved pecans are still competitive, as

revealed by the positive sign of the coefficient on Y,, although now

3
the intensity of this relationship is more in comsistency with its
theoretical counterpart, This can be noted by examining equation (4.7)
in which the price of ssedlings influences the quantity of seedling to a
greater extent than does the price of improved pecans,

The relative intensity of competitiveness of other domestic trees nuts

increased in the just-identified results., This is mnoted by comparing the

1K@rnels of improved pecans are usually larger than those of seed-
lings.
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relative magnitude of the coefficients of Z. . in equations (4.7) aﬁd (4.8)

10

with the coefficients of other variables within these eQuations with the

relative magnitude of Z. B with the coefficients of other variables in

10
equations (4.5) and (4.6).

(3) Comparison of the "Hotelling condition". The empirical

results of demand relationships can be examined and compared using the
"Hotelling conditions'" of related demands,

According to the "Hotelling conditions”, if two goods, i and j, are
related in comsumption and the consumers act rationally, the change in
quantity {price) of the ith good brought about by the change in price
(quantity) of the jth good will equal the change in the quantity (price)
of the jth good brought about by a change in the price (quantity) of the
ith good, The "Hotelling conditions" which are used in examining the
equations are:

29 B ‘;Q).1
QPj aPi

. oFy  IF;
(1); or an = 59, (11)

Schultz points out that conditions (1) and (I1) are conditions on the
signs and the absolute magnitude of the coefficients, When both terms of
conditions (1) are negative E}ositive for terms of comndition (Il)j and
statistically significant, the commodities are said to be complementary
in demand. When both terms are positive Ehegative for terms of condition
(II)J the commodities are competing in demand., He adds that "When one of
the signs is negative and the other positive, the condition is ﬁ@t satis-
fied, no matter how many times each coeffi@ient exceeds its standard

62
error.”

688chultz, p. 595.
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Examination of Table IX indicates the competitive relationships
based on the preceding equations, A question mark before the statement
of the probable type of relationship in Table IX of the single equation
estimates means one or both of the coefficients are not significant at
the 5 percent level, or the terms are not equal within one standard
error, Coefficients from the just-identified estimates are judged only

according to sign as their standard erxrors are not computed,

TABLE IX

OBSERVABLE CONDITIONS OF REIATED DEMANDS FOR MODEL IT

. Hotelling Probable Type
Commodities conditions of Relationship
Seedling and improved pecans

Single equation estimates | -18,3984 = -8,8602 ?Competing

(5.1235) (4.7805)

Just-identified estimates + 0.0586 = +0,0282 Competing

(4) Comparison of the price elasticities. For equatioms in

natural units the coefficients of price elasticities are computed as
the means, From the single equation estimates the coefficient of price
flexibility is first computed at the mean and then its reciprocal is
used as a measure of the price elasticity. The price elasticities from
model Il are:
Seedling pecans Improved pecans
(1) Single equation estimates... ~2,7293 =3,4423

(2) Just-identified estimates... -4,1421 =5,2023



The average price elasticities for the years included in the analysis
are elastic, The elasticity coefficient for improved pecans is higher
than that for seedlings in each case, indicating that buyers are more
responsive to changes in the price of improved pecans, The just-identi-
fied estimates of elasticities are greater than single-equation estimates
63

for both seedling and improved pecans,

(5) Comparison of the cross-price flexibilities and the cross

elasticities., The ecross-price flexibilities and cross elasticities are

measures closely related to the "Hotelling conditions", If price is the
dependent variable the "Hotelling condition” implies that

gPi 9Pj,

20, 99

The analogous pair of cross-price flexibilities are computed by multi-
plying each side of this equation by the appropriate ratio of quantity to

price, that is,

63

The reverse of these two cobservations is true in the logarithm
form of the equatioms, When logarithm form is used the price elasticity
is assumed to be constant throughout the years of the analysis., Elastiei~
ties from the logarithm equations are:

Seedling pecans Impr@ved pecans
(1) Single equation estimates -3,1928 -2,1413
(2) Just-identified estimates -3,1300 -2,09289

64The a’and P indicates these are measured at their mean.
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In a like fashion, the corresponding results could be shown for the
eross-elasticities. When prices are the dependent variables the "Hotel-
ling conditions" @nd the cross-price flexibilities will have the same
sign. When quantities are dependent, the "Hotelling conditions' and the
cross elasticities have the same sign., The equating of the "Hoteliing
conditions" does not apply, however, to the measures of flexibilities and
elasticities; they are used to measure responsiveness in percentage terms
of changes in the price (quantity) of one tree nut associated with
changes in the quantity (price) of another tree nut,

The following values of the cross-price flexibilities were obtained
from the single equation estimates. A change of one percent inm the quan-
tity of improved pecans was found to be associated with & change in the
opposite direction of 0.2889 percent in the price of seedlings. A change
of one percent in the quantity of seedling pecans was found to be
associated with & change in the opposite direction of 0.1267 percent in
the price of improved pecans., The cross elasticities obtained from just-
identified estimates are: A change of one percemt in the price of seed-
lings was associated with a change in the same directiom of 1.7925 per-
cent in the quantity of improved pecans. A change of one percent im the
price of improved pecans was assoclated with a change in the same direction
of 4,1052 percent in the quantity of seedlings,

All these measures indicate that seedlings and improved pecans are
competitive in demand. The larger the measure the stronger is the
relationship. Seedling pecan prices (quantities) are found to be more

responsive to changes in the quantity (price) of improved pecans than
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vice versa. This is consistent with the empirical results, in absolute
texrms, of the single equation estimates,

(6) Comparison of income elasticities. Income elasticities

were computed at the means for the equations in natural units, In order
to make the income coefficients comparable the coefficient of income
elasticity for the single equation estimates were computed by first trans-
posing the relevant quantity variable to the dependent position in the

appropriate equation. The income elasticities are:

Seedling pecans Improved pecans
Single equation estimates,,. +4 4T6L +6.9734
Just-identified estimates... -1.3428 +7.3608

A priori, as previously discussed, the negative income effect was not
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expected for seedling pecans,  From these measures it can be said that
quantities of improved pecans consumed have been more responsive to

changes in income.

Model IIT

Discussion of the Model. Since imports of pecans (le) account for

only a small percentage of the domestic supply and the sign of this
variable disagreed with a priori expectations, le was eliminated from
Mcdel IL. This was dome to determine whether excluding this variable

would change the resulting parameter estimates in any important respect.

651n the logarithm form the coefficient of income elasticity from
this equation is positive, However, an indicated complementary relation-
ship between seedling and improved pecans was obtained which is at
variance with previous results as well as theoretical expectations (see
equation (4.7'), Appendix B),
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Except for the exclusion of this variable, Model I1I is the same as

Model II.

Empirical Results,

(1) Simgle equations estimates. The single equation estimates

are:
Y, = 4.2019 - 1622232, - 21,185823 + 000332z7 - 0.2870z, - 2,15622,  (4.9)
(3.8035) (3.1133)7 (4.4696)' (1.8617)° (0.6452)
2 = L7518
iq = 5.1456 - 13,62342, - 4002479z3 + 0.07372., - 15771625 = 0.94792,, (4.10)

(1.9992)~  (3.7017)° (6.2107)7 ¢7.1925)°% (0.177%)

[®
L,_)=

R™ = ,9011
Except for the net regression coefficient of ZlO’ the sign and the
magnitudes of the coefficients did not change tc any great extent. In

comparison to equations (4,5) and (4.6) the coefficient of Z. . was reduced

10
in magnitude and the level of significance decreased considerably,

(8) Just-identified estimates. The just-identified estimates

are:

= e Y © - o 3 23 = [ P ‘ o db
oy 0.1105 o * 0 0582Y3 0 0006Z7 + 0 071328 0 1831210 (4.11)

= - = 2)
23 +O°@374Yg 000445Y3 + ODOOEOZ7 0°068228 +* 05@384210 (&.12)
The elimingtiom of le resulted in the changing of the sign of the coef-
ficient of Z {the supply of other domestic tree nuts besides pecans)

10

from negative to positive in equation (4,12} in comparison with equation
{4.8)., This changed the relationship of these other nuts to complementary
with, rather than competitive to, improved pecans. This result disagrees
with g priori expectations and the previous empirical results,

(3) Comparison of the "Hotelling conditions”. The preceding

estimates are comparad with the "Hotelling conditions" im Table X,
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TABLE X

OBSERVABLE CONDITIONS OF RELATED DEMANDS FOR MODEL IIIX

- Hotelling Probable Type
» ditie
Commodities conditions of Relationship
Seedling and improved pecans
Single equation estimates -21.,1858 = -13.6234 7Competing

(6.8049)  (6.8144)

Just-identified estimates + 0.0582 =+ 0,0374 Competing

Again the competitive relationships are indicated; however, the
single equation estimates are now equal within one standard error. The
estimate of the coefficient of 22 is still not significant at tbe 5 per-
cent level, although it has increased in significance, according to its
"e-ratio”.

(4) Comparison of the price glasticities. The price elasti-

cities from Model ITIIL are:
Seedling pecans Improved pecans
(1) Single equation estimates,.. -2 ,2665 ~3,0303
(2) Just-identified estimates,,, =4 0577 =5 ,3964
and they are comparable with previous estimates.

(5) Comparison of the cross-price flexibilities and cross

elasticities. From the single equation estimates the cross-price flexi-

bility of the price of seedlings with respect to the gquantity of improved
pecans was -0,3326; the cross-price flexibility of improved with respect
to seedlings was =0.1948., The estimates of ¢ross elasticities from the
just-identified equati@ms are +2,3773 for the quantity of improved pecans

with respect to the price of seedlings, and +4,0772 for the quantity of



seedlings with respect to the price of improved pecans, These results
are comparable with the results from model II.

(6) Comparison of income elasticities. The computed income

elasticities for Model ILI are:
Seedling pecans Improved pecans
Single equation estimates.,. +4,4761 +6,9734
Just-identified estimates... -1,3428 +7.7482
These in@@m@ elasticities are the same as for model IT except for the
just-identified estimate of imcome elasticity for improved pecans, which

is slightly higher in magnitude than in model II.

Model IV

Discussion of the Model, Model IV is the same as Model III except

for the exclusion of Z This variable, representing the supply of

10°
domestiec tree nuts other than pecans, was omitted because it was not
significant and its relationship with improved pecans was complementary--
disagreeing with previous empirical results and g priori expectations,
There are no noticeable changes in these estimates compared with those

from model IZII,

Empirical Results.

(1) Single equation estimates.

Y, = 3,1812 - 1508186Z2 - 20.702923 + o,,oa97z7 - 00246828 (4.13)
(3.7959) (3.0988)° (5.8891)! (1.,7720)
R® = 7473
YE = 4,6969 - 130446022 - 400035623 + 00072227 - 1.7539¢ (4.14)
(2.0362) (3.7818)7 (9.0257)' (7.9459)

R2 = 9010
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(2) Just-identified estimates.

S
B

- -0.1128Y, + 0.0583¥, - 0.0009Z_ + 0.0745Zg (4.15)

7

= +0.0379Y, - 00044613 + oaooalzT - 00068828 (4.16)

(3) A comparison of the "Hotelling conditions”. The tests

3
i

implied by the "Hotelling conditions" when applied to these equations

are shown in Table XI,

TABLE XL

OBSERVABLE CONDITIONS OF RELATED DEMANDS FOR MCDEL IV

C o Hotelling ‘Probable Type
Commodities conditions of Relationship
Seedling and improved pecans

Single equation estimates... -20,7029 = =13,4460 ?Competing
(6.,6809)  (6.6035)
Just-identified estimates,.. + 0.0583 = 4+ 0.0379 Competing

The coefficient of Z2 is not significant at the 5 percent level.

(4) Comparison of the price elasticities. The price elasti-

—

cities from Model IV are:
Seedling pecans Improved pecans
(1) Single equation estimates =2 ,3240 =3,0460
() Just-identified estimates -4,1421 =5,4085

(5) Comparison of the cross-price flexibilities and cross

glasticities, The estimates of cross-price flexibilities from the single
equation estimates are =0,3250 for the price of seedlimgs with respeect
to the quantity of improved pecans, and =0,1923 for the price of improved

pecans with respect to the quantity of seedlings. The estimates of cross
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elysticities from the just-identified equations are +2.4091 for the quan-
tity of improved pecans with respect to the price of seedlings, and
+4.0842 for the quantity of seedlings with respect to the price of improved
pecans,

(6) A comparisom of the income elasticities. The computed

income elasticities for model IV are:
Seedling pecans Improved pecans
Single equation estimates +4,2523 +6,9734

Just-identified estimates -2.0142 +8.1357,



CHAPTER V
DEMAND INTERREIATIONSHIPS AMONG DOMESTIC EDIBLE TREE NUTS

The results of the statistical study of interrelationships among
domestic edible tree nuts are presented in this chapter. The procedures
followed and the various measures ewmployed in exemining the empirical

results are the same as those used in the preceding chapter.
Four Egquation Models

Model ¥

Discussion of the Model. The characteristics of demand facing the
growers of walnuts, filberts, and almonds are similar to those facing
pecan growers in that the prices received for each nut is determined
primarily by the qgantity of the tree nut placed on the market, the level
of consumer income, and the influence of related products, Prices
received for each tree nut are assumed to be determined within the mar-
keting seasom, while the other variables are assumed to be predetermined
or exogenous to the system,

Data on productiocm, which is predetermined, are used to reflect the
quantities of each tree nut on the market at the grower level., This
infers that the quantity produced is equal to the quantity harvested and
sold each season. The validity of using production to reflect marketings
and consumption can be questioned becguse of storage of tree nuts and the
disposition of tree nuts in non-competitive outlets under provisious of

marketing agreements and orders, Both of these factors tend to bias

71
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upward the variables representing quantities of tree nuts on the market,

An attempt is made to account for the influence of domestic tree
nut imports by including a separate variable to reflect the imports of all
domestic-type tree nuts combined., This variable is postulated to be
exogenous in that exports are largely controlled by policies of the United
States Tariff Commission,

The parameters associated with the four-equation models were esti-
mated in the same way as were those of the previous two-equation models,
First, the single equation approach is used in which the price of each
tree nut is assumed to bevdependent upon the quantities of each nut pro-
duced and the other independent variables. Then the single equations are
algebraically transposed to obtain just-identified estimates which
reflect the joint and simultaneous determination of all four prices., The
just-identified structural equations are postulated to be of the form:
Bur¥ie * Puatae * Bus¥or ¥ Pagler ¥ Yurfic t %ulre T oo

* 9%, 12512, T Vst (5.1)
Bo1¥ie ¥ Pog¥ur ¥ Pos¥se ¥ Bsg¥ae * Fsulue ¥ Fs7hre * Fsolar

# 05 golipe = Ugy (5.2)
Bo1¥ie * Pes¥ar ¥ Bgs¥se * Peglar * Festse * Fertre T Yeetor

T % 12%12e < Y (5.3
Bor¥ae ¥ Bog¥ue + Bos¥oe ¥ Boglay + Gaglay * Foghay ¥ Cuglqy |
' T % 10%10p = Uge (5.4
where Ylt’ Y&t’ Y5

by growers of pecans, walnuts, filberts, and almonds respectively; Z

¢’ Yét represent the seasonal average price received

1t’

Z@t’ Z5t’ Zét are the quantities produced of pecans, walnuts, filberts,

and almonds; Z?t represents actual consumers' income; th is time with
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origim at 19287; and ZLQt is the combined imports of pecans, walnuts,
s
almonds and filberts,

The Data and Algebraic Form of the Equations. The price data used

to reflect the theoretical variables in the four equation model were
deflated by the consumer price index and the quantity data were put on
a tons per million persons basis. The parameters of these models were
estimated from annual data for the period 1927-55, excluding the war
years 1942-46, The time series used in the analysis are presented in
Table XII with a description of the series, The basic series from which
these tables are computed are given in Appendix A.

The equations were fitted in two functional forms--linear in natural
units and linear in common logarithms, Equations in natural units are
pr@sgnted'in the text while the logarithmic forms are given in Appendix B.

Empirical Results,

(1) Single equation estimates. Empirical results of the singk

equation estimates are:

¥, = 205,7399 - 0,831521 - 0,20172,4 - 00674425 - 0°0906Z6 + 0°7086z7
(5.8760)" (0,8963)  (0.4663)° (0.2838)" (3.3505)
R@ = ,7856 - 5.52452¢ - 002627(212 (5.5)
(0.8376)7 (1.1655)
Y, = 289.5348 + 0,0041Z, ~ 0.5154Z, + 0.927325 - 0.1500Z, + 00501327
(0.0320)" (2,5386)  (0.7107)° (0.5206)" (2.6276)
R® = 6288 -12.90692y ~ 0.0945Z,, (5.6)
(2.1692)7 (0,4650)°° -
¥, = 528,6388 - 0.0031Z, - 0.3704Z, - 0.5996Z; - 0.7042Z; ¢ 00318927
2 (0.0260)" (1.9333)% (0.4870)° (2.5900}° (1.7712)
R® = 7531 - 8.24722 - 0,3776Z, , (5.7

(1.4689)" (1.9679)



TABLE XII

TIME SERiES DATA FOR MODELS PRESENTED IN CHAPTER V

growers, deflated by the

21 is

29 is

consumer price index.

Year Yl Y4 Y5 Y6 Z1 Z4 25 26 Z7 Z9 212
1927 555 446 431 431 153,4 437,8 0,5042 100,8 869 1 334,5
1928 453 574 518 464 . 2844 2274 1,660 116,2 891 2 365,2
1929 401 438 409 655 219,0 356,3 1,642 ‘38,59 930 3 538.,4
1930 417 574 476 280 232,1 246.1 2,437 109,7 846 4 418.3
1931 240 343 385 271 356,7 275.8 3.387 119.4 - 792 5 285,9
1932 205 307 346 283 273,4 393.4 3,926 112,2 668 6 182,7
1933 289 405 537 336 313.7 270.7 8.519 102,7 658 7 130.0
1934 441 334 353 315 222.2 372.6 9.573 94,94 719 8 121,3
1935 232 346 448 477 489,3 451,3 © 9,748 99.84 782 9 215,2
1936 418 366 455 678 233,4 357,5 16.39 83,53 872 10 233,1
1937 251 295 353 448 416,1 484,5 19,95 191,0 897 11 103.1
1938 312 367 373 428 286.3 426.0 18,80 141.8 839 12 73,67
1939 327 283 380 352 370,7 477.5 29,72 219,3 906 13 87,89
1940 297 384 417 541 465,1 384.6 24,30 113,6 962 14 80,30
1941 328 401 486 1,119 456.5 524,7 43,10 71,21 1,108 15 72,12
1947 467 400 264 584 415.,0 447.6 61,07 247,7 1,228 21 179.2
1948 237 408 252 411 600.4 481,9 41,34 1249.,0 1,245 22 198,8
1949 369 345 215 324 421,2 588.5 70,98 290,2 1,239 23 116.0
1950 560 375 340 531 410,8 432,2 38,17 248.,5 1,322 24 229.4
1951 355 386 316 425 507,6 501,3 41,77 276.6 1,319 25 147.9
1952 389 349 263 409 482,3 533,8 173,69 231.8 1,332 26 163.4
1953 285 360 301 416 671.0 370,9 30.08 241,9 1,371 27 167.2
1954 498 305 279 434 291,3 462.4 52.16 266.0 1,365 28 161,1
1955 573 482 367 752 444.2 468,2 46,64 231,7 1,428 29 139,2

Y. is the season average price, on a dollars per ton basis, received by pecan
growers, deflated by the consumer price indek,

Y 1is the season average price, on a dollars per ton basis, received by walnut
g%owers, deflated by the consumer price index. C
Y. is the season average price, on a dollars per ton basis, received by filbert
growers, deflated by the consumer price index.

Y. is the season average price, on a dollars per ton basis, received by almond

domestic production of pecans on a tons per million persons basis.
domestic production of walnuts on a tons per million persons basis.
domestic production of filberts on a tons per million persons basis.
domestic production of almonds on a tons per million persons basis.
actual disposable persomal income, dollars per capita, deflated by con-
sumer price index.

time, origin at 1927.
2 is the sum of the imports of pecans, walnut

tons per million persons basis.

s, filberts and almonds on-a
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Yo = -121.2030 - 0.03442, + 0.32322, + 0.6288Z_ - 3.29817, + 1.3547Z

(0.1414)"  (0.8349)% (0.2528)° (6.0046)° (3.7245)7
% = 7822 ~14,8709Z, - 008516z18' (5.8)
(1.3110)° (2.1970)

These equations can be examined for consistency with theoretical con-
siderations. Consistent with economic theory, the price of each nut is
inversely related to its Quantity. Except for the low t=ratié of the
coefficient of 25 in equation (5.7) the coefficients of these quantity
variables are significant at the 5 percent level, The income eff@ct,;g_é;
positive in all cases, and the coefficients of the income variables are
significant except in equatiom (5.7). Although time is significant at the
5 percent level in only equatiom (5.5), the t-ratio of this coefficient
is greater thanm 1 in two of the other equations. The negati@e sign of
Z|@ in each equation is an indication of the competitiveness of domestic
trea nuts and their imports.

Demand interrelations can be explored by the examination of the sign

of the quantity variable (Zl, ZQ, Z. or Z6) of one tree nut in the equa-

>
tion where the price of another tree is dependent. A negative sign indi-
cates a competitive relationship, and & positive sign indicates ﬁhe tree
nuts are complementary in demand. In these single equationm estimates

competitive relationships are evident in equations (5.5) and (5.7) where

the sign of the coefficients of Zl’ ZQ, Z_. and Z6 are negative, Comple=

p)

mentary relationships are indicated by the positive sign of the coef-
ficients of Zl and 25 in equation (5.6) and of 24 and 25 in equation (5.8).

The consistency of these signs are examined in greater detail in the com=-

parison of the Hotellimg conditions,

(8) Just-identified estimates., The results obtained by the alge-

braic tramsformation of the single equation estimates imto just-identified
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equations are:

z, = -1.20137, - 0.2289Y, + 0.8519%; - 0.1385¥, + 0;881927‘w 46242z,
- 0.13352 5 - (5.9)
z, = -0.0122Y, - 0.9385Y, - 1,1378Y5 + 0.2860Y6 + o.,454527 - 17.31232 |
- 0.2780Z,, (5.10)
z5 = +0.0004Y, + 005606Y4 - 0.6765Y5 + 0.1189Y - 00226727 +‘3,427229
- 0,1010Z,, (5.11)
’26 = +0.0114Y, + 0.0173Y, - o°2493y5 - 0.2511¥ + 004029z7 - 5,5035zg
- 0,30332,, - (5.12)

When it is assumed that all that is produced is sold each season, it

can be said the tree nut price structure is generated by the actions of

buyers in purchasing tree nuts. Given this assumption, conditional eco-

nomic inferences may be made from these just-identified estimates which

describe the average relationships, ceteris paribus, that prevailed

during the time period amalyzed, To illustrate the interpretations that

may be made, equation (5.9) is interpreted as follows:

(1)

(2)

(3)

A change of one dollar per ton in the "real" price of pecans
was associated, on the average, with a change in the opposite
direction of 1.20 tons of pecans purchased per million people.
A change of one dollar per ton in the "real" price of walnuts
was associated, on the average, with a change in ﬁhe opposite
direction of .23 tons of pecans purchased perfmillignvpérson$°
A change of one dollar per ton in thé‘"réal” pfi@é of.filberts
was associated, on the average, with a @h@ngé in,ﬁhe séme'

direction of ,85 tons of pecans purchased per million personms.

66Th@ computations necessary for this transformation are presented in
Appendix C,
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(4) A change of one dollar per ton in the "real"” price of almonds
was associated, on the average, with a change in the @pp§siﬁe
direction of ,14 toms of pecans purchased per million persons.

(5) A change in the "real" per capita disposable imcome'of one
dollar, on the average, was associated with a change in the
same direction of ,88 toms of pecans purchased peﬁbmillién
persons. |

v(@) A change of one year in the time period analyzed was associated,
on the average, with a change in the opposite direction of 4.62
tons of pecans purchased per million persons.

{7) A change in the sum of the imports of pecans, lenuts, filberts,
and almonds of one ton per million'pe:sons was ééséciated, on
the average, with a change in the 0ppo$ite direction of .13
tons of pecans purchased per million_personso

Similar statements could be made for the other eqﬁati@ns?

Corresponding with the single equation estimates and & priori expecta-
tions, the price of each tree nut is inversely related to its quantity.,
Also in agreement is the negative sign of the coefficilent of Zl2 in the
just-identified estimatés,,indicéting that imports of domestic-type tree
nuts are competitive with domestic tree nuts, One change, hbwever, is
noted in the coefficients on income compared with the éingle equations,

In equation (5.11) the coefficient of Z_ is negative. é}griofi; one

1 _
would not expect to find a negative income effect for tree nuts. An ex-
planation may be found in the single equation estimates where only in

equation (5.7) is the influence of income on filberts not signifi@ant,”
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{3) CLomparison of the Hotelling conditioms, The tests

appropriate to these two sets of equations for demand interrelationships
within the tree nut industry are given inm Table XIII in which the single
equation estimates and the just-identified estimates are compared using
the Hotelling conditions., A mnegative sign for the terms of the single
equation estimates indicates the commodities are competitive in demand,
a positive sign indicates that they are complementary., The sign
eriteria of competitive and complementary commodities for the just-
identified estimates are the reverse of the single equation estimates,

A question mark before the statement of the probable type of relation-

<
&

@

hip ¢f the single equat.ion estimate means one or both of the terms are
not significant at the 5 percent level, or the two terms are not egual
within one standard error, Coefficients from the just-identified estimates
can only be iudged according to sign because their standard errors were not
computed,

From the single equation estimates, competitive relatiomships are
indicated between pecans and filberts and bétween pecans and almonds,
These relationships, however, are questionable since the appropriate cosf-
ficients in the single equation estimates are not significant. From the
just-identified estimates, the indicated relationships are (1) comple-
mentary betweén pecans and walnuts, (2) competitive between pecans and

filberts, and (3) competitive between walnuts and almonds,

he inconsistencies in the estimated demand interrelations, as well
as other disagreements with theory and g priori expectations, could exist
because the time series chosen to represent the "true" quantity variables

(reflecting quantities of tree nuts on the market) are incomplete and thus



TABLE

XIIT

OBSERVABLE CONDITIONS OF RELATED DEMANDS FOR MODEL V

(Standard errors in parenthesis for single equation estimates)

9

Commodities

Hotelling
conditions

Probable Type
of Relationship

Pecans and Walnuts

S3ingle equation estimates

Just-identified estimates
Pgrans and Filberts

Single equation estimates

Just-identified estimates
Pecans and Almonds

Single equation estimates

Just-identified estimates
Walnuts and Filberts

Single equation estimates

Just-identified estimates
Walnuts and Almonds

Single equation estimates

Just-identified estimates
Filberts and Almonds

Single equation estimates

Just-identified estimates

-0.
.2250)
2289 = - 0,0122

(0

-0,
(1.

+0.

-0,
.3192)
-0,

(0

+0.

(1.

-0,
(0.

+0

2017 = + 0.0041
(0.1281)

6744 = - 0,0031
4463)  (0,1192)
8519 = 4+ 0.0004

0906 = - 0.0344
(0.2433)
1385 = 4+ 0.0114

9273 = - 0.3704
3048)  (0.1916)
1378 = + 0.5606
1500 = + 0,3232
2881)  (0.3871)
2860 = + 0,0173

7042 = 4 0,6288
.2719)
.1189 = - 0,2493

(2.4873)

Comp lementary

? Competing

Competing

? Competing

?

Competing
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not representative of the actual supply of tree nuts om the market each
year, The time series veflecting quantity should be representative of
the actual supply sold in the domestic market each year, This time
series would be composed of domestic production plus imports and carry-in
minus exports and carryovero67 In an attempt to approach more closely
this "true” quantity variable, imports of domestic-type tree nuts were
added to the amount of production for each season°68 The results of
this analysis are presented im Appendix D and will be referred to as
model VI, Although the empirical results of using these other time series
differ sowmewhat from those just given, the changes did not increase the
acceptability of these results over the empirical results just presented
to any great extent, In model VI the Hotelling conditioms that were
partially met and the probable type of relationship are:
(1) Simgle equation estimates: a competitive relationship for
pecans and almonds, although neither sign was significant.
{(2) Just-identified estimates:
{a) A competitive relationship for pecans and walnuts, In
the previous just-identified estimates the probable
type of relationship between pecans and walmuts was
comp lementary.
{b) A competitive relationship for pecans and f£ilberts
which is consistent with the just-identified estimates

of model V,

7In using this quantity series the demand relationships would be
measured at a marketing level above the grower level,

8 . . .
The other series were not available or complete for the years in-
cluded in the analysis,
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(¢) A complementary relationship for pecans and almonds.

(d) A competitive relatiomship for filberts and almonds.
The only demand relationsﬁips that are the same in both medels are the
competitive relationship between pecans and filberts indicated in the
just-identified estimates,

(4) Comparison of the price elasticities., The price elastici-

ties for each of the tree nuts computed at the means are:

Pecans Walnuts Filberts Almonds
(1) Single equation estimates ~1,1875 =1,8025 -23,0415 =-0.8626

~
fo

2) Just-identified estimates =-1,1863 =0.8719 =~ 9,3483 =0.7144

The average price elasticity for pecans, from both the single equa-
tion estimate and the just-identified estimastes, is -1,19, indicating an
elastic demand curve, When the equations are expressed in natural units
the demand elasticity varies at each point on thé demand curve., To
{llustrate this variability the demand elasticity for pecans was computed
for each yedr in the analysis, using the just-identified estimate of the
slope of the demand curve, These estimates are given in Table X1V. The
coefficient of elasticity is elastic in years of relatively low production
and high prices and inelastic in years of relatively high production and
low prices,

The coefficient of price elastiecity for walnuts is ~-1.80 based on

the single equation estimate, and -0,87 using the just-identified estimate,
By one estimation procedure the elasticity of walnuts is elastic, by the

other it is inelastic. As the just-identified equations reflect the joint

9 . ,
The elasticity coefficient from the single equation estimates is
the reciprocal of the computed price flexibility coefficient,
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determination of all the prices it could be argued that the estimate of
-0.87 is unbiased and the average demand elasticity for walnuts is, con-

sidering only this condition, inelastic.

TABLE X1V

POINT ELASTICITY FOR PECANS

1927 @ =4,3463 1935 : -0.5696 1948 ¢ -0.4742
1928 : -1.9135 1936 : -2,1514 1949 : -1,0524
1929 : -2,1996 1937 : -0.7246 1950 : =~1.6376
1930 : -2,1583 1938 : -1.3091 1951 : -0.8401
1931 : -0.8083 1939 : -1,0597 1952 : -0.9689
1932 : -0.9008 1940 : -0.7671 1953 : =0.5102
1933 : =1.1067 1941 ; -0.8631 1956 : -2,0537
193 : =2,3842 1942 : -1,3518 1955 : ~-1.5499

The coefficients of pfice elasticity for filberts indicate the average
elasticity is highly elastic. Due to the large amount of f£ilbert imports
one would be hesitant in accepting these high measures of price elas-
ticity for filberts. Price elasticities were also computed from model
VI, in which imports were included with production, The single equation

estimate of price elasticity for filberts was lower than the previous
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single equation estimate, but the just-identified estimate was greater
than the previous just-identified estimate.TO
The coefficients of price elasticity for almonds, computed from

estimates from Model V, indicate the average price elasticity of almonds
is inelastic, In comparison, the estimates of elasticity from Model VI
indicate the price elasticity for almonds is highly elastic, The dif-
ference in the estimates of elasticity are probably because almond im-
7L

ports comstitute & considerable amount of the domestic supply.

(5) Comparison of the cross-price flexibilities and cross

elasticities., ‘Inconsistencies in the demand relationships were previous-
ly discussed in the comparison of the Hotelling conditioms., These in-
consistencies are also clearly evident in the examination of cross-price
flexibilities and cross elasticities (Table XV).

Nome of the demsnd relatiomships are consistent for both the cross-
price flexibilities and the cross elasticities, except that between pecans
and filberts. The negative signs of the price-flexibilities and the posi-
tive sign of the cross elgsticities for pecans and filberts indicates that
they are competitive in demand.

(6) Comparison of income elasticities. The computed income

elasticities are:

YOThe price elasticities, computed from empirical results of Model VI
are:
: Pecans Walnuts Filberts Almonds
{1) Single equation estimates -1.2728 =1.4470 =5.8824 =3,2072
(2) Just-identified estimates -1.2869 44,9022 -10.8382 -~7.7673

These estimates of price elasticities differ considerably from the pre-
viocus estimates, Note especially the positive price elasticity for wal-
nuts from the just-identified estimates. This is in disagreement with
previous results and its theoretical counterpart.

7%&@@@rdimg to the U.S. Tariff Commission net imports were 23 percent
of the domestic supply of almonds in the 1950-52 period.
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TABLE XV

THE CROSS-PRICE FLEXIBILITIES AND CROSS ELASTICITIES OF DEMAND
AMONG ALL DOMESTIC TREE NUTS

The Cross-Price Flexibilities

Percentage Change in Percentage Change in the Quantity of:
the Price of: Pecans Walnuts Filberts Almonds
Pecans === -0,2259% -0.0492  -0,0407
Walnuts +0.0040 - +0,0650 =0,0647
Filberts -0,0031 -0.4115 - -0,3137
Almonds =0.,0273 +0.2833 40,0359 o=

The Cross Elasticities

Percentage Change in Percentage Change in the Price of:
the Quantity of: Pecans Walnuts Filberts Almonds
Pecans - =0.2352 +0.8481 =0, 1747
Walnuts ~0.0109 - -1.0242 40,3263
Filberts +0.0055  +4+7.9953 o +2,0824
Almonds +0.0254  +0.0401  =0.5599 e

*an example of how this tgble should read is: The percentage change
- in the price of pecans associated with the percentage change in quantity
sold of walnuts is -0.2259 percent.

Pecans Walnuts Filberts Almonds
Single equation estimates +2,.3228 42,3970 +20.1245 $2.5250
Just-identified estimates +2,4037  +1,1201 = 8.5772 42,4764
According to these income elasticities, except for filberts, a change of
one percent in the ingome level was associated with a change in the
quantities consumed of each tree nut of from one to about two and one-half
percent, The just-identified estimate of the income elaéti@ity of £il-
baerts was negative and in disagreement with g priori expectations., In the

logarithmic form of the just-identified equations, the income elasticity
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for filberts was positive; however, the rest of the income elasticities

were negative in sign, The income elasticities were also computed from
T2 . . . e . , . .

model VI, The just-identified estimates of income elasticities from

model VI for beth walnuts and f£ilberts were negative, As before this

was in disagreement with a priori expectations,

7E’The income elasticities computed from the empirical results of

model VI are:
Pecans Walnuts Filberts Almonds

Single equation estimates +2,1435  +1.9947  +6.9018 +9.0378
Just-identified estimates +2.1459  -8.8317 ~-15.6518 +27.4861



CHAPTER VI
SUMMARY AND CONCLUSIONS

The major objective of this thesis was to investigate the demand
relationships for pecams at the grower level, Specifically, the first
objective was to analyze the demand relationships within the pecan
industry between seedling and improved pecans. The study was then
expanded to analyze the demand relationships among pecans, almonds,
filberts and walnuts. The third objective was to compare the parameter
estimates from alternative methods of estimation.

To achieve the first two objectives several economic models of the
demand relationships were postulated. These models were based upon a
factual study of the tree nut industry in conjunction with an examina-
tion of the relevant economic and statistical theory. Observations from
time series data were then chosen to reflect the variables included in
the models. The parameters of the models were then estimated using
alternative techniques. Filrst, the parameters were estimated by the
single equation least squares method. The single equation estimates
were then slgebraically transformed into just-identified equatioms. These
just-identified equations explicitly allowed for the simultaneous determi-
nation of the jointly dependent variables (endegenous variables) within
the system, Thé empirical results of this analysis are presented in the

following section.

86
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Summary and Comparison of Empirical Results

The Characteristics of Demand of the Pecan Industry

Four different models were used to study the demand relationships
between seedling and improved pecans at the grower level. The first was
a single equation model in which the price of all pecans was the depend-
ent variable, The independent variables were the quantities produced
of seedling and improved pecans, income, time and the domestic supply
of all other domestically produced tree nuts. The other three models of
the pecan industry were two equation models in which the prices of seed-
ling and improved pecans replaced the price of all pecans, The two-
equation models differ by the number of exogenous variables included,

A competitive relationship between seedling and improved pecans was
evident in the single equation model. In this model the supply of domes-
tic tree nuts other thau pecans was found to be competing with pecan
supplies, In the single equation model, as well as the two equation
models, imports of pecans were indicated to be complementary in demand
for domestic pecan supplies. This result disagreed with a priori expecta-
tions,

The demand relationships of the two equation models are summsrized
in terms of elasticities and flexibilities for comparison between the
different @@dels.

The price elasticities for seedling and improved pecans are given
in Table XVI. All these measures indicate that the price elasticity of
demand for the two types of pecans was elastic over the years included

in the analysis., The elasticity coefficients for improved pecans,
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estimated from equations expressed in natural units are of higher magni-
tude than the corresponding estimates for seedlings., This would indicate
that buyers were more responsive to changes in the price of improved
pecans than to changes in the price of seedlings. However, the reverse
situvation was true when the equations were expressed in logarithmic form,
When the data were in nstural units, the price elasticity estimates from
the just-identified equations were larger than corresponding measures
from single equation estimates, In the logarithmic equations, the
corresponding price elasticities from single equation estimates and just-

identified estimates are quite similar in magnitude.

TABLE XVI

PRICE EIASTICITY FOR PECANS

Model II Model III Model IV

Natural Units
Seedling Pecans

Single equation estimates -2,7293 -2,2665 ~2,3240
Just~-identified estimsates -4 ,1421 =4 ,0577 ~4,1421
Improved Pecans
Single equation estimates -3,4423 -3,0303 ~3,0460
Just-identified estimates -5.2023 -5.3964 -5,4085
Model II' Model IIIL' Model 1V’
Logarithm
Seedling Pecans
Single equation estimates -3,1928 -3,1046 -3,0817
Just-identified estimates -3,1300 -3,0758 -3,0647
Improved Pecans
Single equation estimates -2,1413 =1,9904 -2,1249
Just-identified estimates -2,0989 -1.9715 -2.1131

The demand interrelationships between seedling and improved pecars

were investigated by use of the measures of cross-price flexibility and
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cross-elasticity (Table XVII). If the coefficient of cross-price flexi-
bility is negative the commodities are said to be competing in demand, If
the sign is positive the commodities are said to be complementary in demand.
The sign criteria of competing and complementary commodities for the coef-
ficients of cross elasticity are the reverse of the coefficients of cross-
price f£lexibility. The intensity or degree of the demand relationship,

as indicated by either measure, varies directly with the magnitude of the
coefficient,

The signs'oﬁ the cross-price flexibilities and cross slasticitiss of
the equations in matural units indicate there was a competitive relation-
ship between seedling and improved pecans, The magnitudes of these
measures indicated that seedling prices (quantities) were more responsive
to changes in the quantity (price) of improved pecans than vice versa, In
logarithmic form the signs of these measures were inconsistent, sinece in
one instance the commodities were apparently competing in demand, while
in another instance they were apparently complementary.

The income elastleities for seedling and improved pecans are given
in Table XVIII, The just-identified estimates of the income elasticities
for seedling pecans are negative for all three models when the data were
expressed in natural units, This is inconsistent with the single equa-
tion estimates of income elasticities and g priori expectations, The
single equation estimates indicate improved pecans were more responsive
to changes in the income level than were seedlings when the equations
were linear in the original variables. Just-identified estimates in
logarithms also indicate the greater responsiveness of improved pecans

to changes in income., However, the reverse is true for the single equation



TABLE XVII

THE CROSS-PRICE FLEXIBILITIES AND CROSS ELASTICITIES OF DEMAND
BETWEEN SEEDLING AND IMPROVED PECANS®
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The Cross-Price Flexibilities

Percentage Change Percentage Change in the Quantity of:

in the Price of:
Improved Pecans

Model IX Model III Model IV

Seedling Pecans
Natural Units -0.2889P -0.3326 -0.3250
Logarithm -0.2263 -0,2692 -0.2295

Seedling Pecans

Improved Pecans
Natural Units -0.1267 -0,1948 -0.1923
Logarithm +0,0131 4+0.0057 +0.0038

The Cross Elasticities

Perrcentage Change Percentage Change in the Price of:
in the Quantity of:
Seedling Pecans

Model IX Model III Model IV

Improved Pgcans
Natural Units +1.7925 +2.3773 +2,4091
Logarithm -0,.0875 -0,0349 -0.0247

Improved Pecans

Seedling Pecans :
Natural Units +4,1052 +4,0772 +4,0842
Logarithm +1.5168 +1.6480 +1.4948

&Grosstrice flexibilities computed from single equation estimates
and cross elasticities computed from just-identified estimates,

bAn example of how this table should read is: In model II the
percentage change in the price of seedling pecans associated with the
percentage change in the quantity sold of improved pecans is -0.2889
percent,
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estimates in logarithmic form., These latter estimates indicate that

seedlings were more responsive to changes in income.

TABLE XVIIL

INCOME ELASTICITIES FOR PECANS

Model IX Meodel IIIX Model 1V

Natural Units
Seedling Pecans

Single equation estimates +4 ,4761 +4,4761 44,2523
Just-identified =1,3428 =1,3428 -2,0142
Single equation estimates +6,9734 +6.9734 +6,9734
Just-identified sstimates +7,3608 +7 . T482 +8,1357

Model II' Model IIL® Model IV’

Logarithm
Seedling Pecans

Single equation estimates +6,0536 +5.9944 +4,.8250

Just-identified estimates +3,2943 +3,0229 +2, 5922
Improved Pegans :

Single equation estimates +3.7270 +3.5217 +3,1362

Just-identified estimates +3,8191 +3,5556 +3,1574

The Demand Relationships Among Domestic Iree Nuts

The demand relations among domestic tree nuts were investigated using
models consisting of four eguations., 7Two models were postulated, the main
difference between the models was in the construction of the time series
reflecting quantities of each tree nut on the market, In model V produc-
tion of each tree nut was assumed to reflect the quantity sold. In that

73

model one variable represented imports of all domestic-type tree nuts,

73

The empirical results, in natural units, indicated a competitive
relationship between egach domestic tree nut and the sum of all domestic-
type imports. This was true for both the single equations and just-
identified equations, :
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In model VI production plus imports of each domestic tree nut were used
to reflect the quantities of each domestic tree nut sold., A variable
represented by a time series of all tree nut imports except domestic-
type tree nut imports was used to reflect the influence of other tree
nuts on domestic salese74

Estimates of price elasticities were computed using the empirical
results from models V and VI. They are presented in Table XIX, The
soefficient of the price elasticity of demand for pecans ranged from
=1,16 to -1.37, indicating that demand for pecans was elastic over the
pericd analyzed., The range of the estimates of the price elasticity of
demand for pecans was less than for the corresponding estimates of the
price elasticities of the other tree nuts, The closeness of the corres-
ponding elasticity estimates for pecans between models V and VI could be
explained by examining the quantity of pecan imports, The ratio of
imports to production is smaller for pecans than i1s the ratio of imports
to production for any of the other domestic tree nuts,

A positive price elasticity for walnuts is indicated by the just-
identified estimates of model VI, This is in disagreement with its
theoretical counterpart and the other estimates of the price elasticity
of demand for walnuts., The other estimates indicate price slasticity for
walnuts was elastic, except for the just-identified estimate of model V

in which the equations were linear in natural units,

741n natural units the single eguation results indicated that imports
of other tree nuts besides domestic-type were complementary in demand
with domestic consumption of almonds, filberts, pecans and walnuts, The
just-identified results, in natural units, indicated other imports besides
‘domestic-type were complementary with pecans and almonds; competitive
with walnuts and filberts,
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TABLE XIX

PRICE ELASTICITY FOR PECANS, WALNUTS, FILBERTS AND ALMONDS

Pecans Walnuts Filberts Almonds

Natural Units
Single equation estimates

Model V -1.1875 -1.8025 ~23,0415 =0.8626
Model VI -1,2728 -1,4470 - 5.,8824 -3,2072
Just identified gestimstes
Model V -1,1863 -0.8719 - 9.3483 -0,71l44
Model VI -1.2869 44,9022 -10.8382 =7.7673
Legarithm ‘
Sinzle equation estimates
Model V' -1,1598 -2,2432 =20.3666 -1.6090
Model VL' -1.1790 -1.4712 - 5,5127 =-3,6206
Just identified estimates
Model V' -1.3671 -5,3853 -29.2622 ~0.4409
Model V1° -1.1560 +3.7192 - 8.6724 -8,1295

The estimates indicate a highly elastic demand for filberts, especi-
ally the results from model V., Since a large amount of the domestic
filbert supply is comprised of imports, the inclusion of imports in the
quantity variable would be expected to lower the price elasticity.

Except for the just-identified estimate from model VI in natural units,
this held true.

The estimates of price elasticity from model V in natural units
indicate the demand for almonds was inelastic., Except f@r’the just-
identified estimate of model V' in logarithms the other estimates indi-
cate the demand for almonds was elastie,

The cross-price flexibilities and cross elasticities of demand among
all domestic tree nuts are shown in Table XX. These two measures of
demand relationships are constructed by using the cross-demand parameters

from the single equations and the just-identified equations. Howaver, in



THE CROSS-PRICE FLEXZBILITIES AND.CROSS ELASTICITIES OF DEMAND AMONG ALL DOMESTIC TREE NUTS

TABLE XX

Percentage change

- in the price of:

Pecans
Natural units
Logarithm
Walnuts
Natural umits
Logarithm
Filberts
Natural units
Logarithm
Almonds
Natural units
Logarithm

Percentage change
in the quantity of

Pecans
Natural units
Logarithm
Walnuts
Natural units
~ .Logarithm
Filberts-.
Natural units
Logarithm
Almonds
Natural units
Logarithm

The Cross-Price Flexdbilities

Percent@ge change in the quantity of:

"Almonds

-0,2880

+0.2305

Pecans Walnuts Filberts
Model V Model VI Model V Model VI Model V Model VI Model V Model VI
- - -0.2259 -0.3534 = =0,0492 40,0591  =-0.0407 -0,0799
- - -0.3467 ~0.4283 +0,0560 +0,0336 +0.0038 -0,0865
+0.0040 +0.0197 - - +0.0650 +0,2000 -0,0647 = -0,1599
-0,0033 +0,0275 - - -0,0330 +0.,1644 -0,0632 -0,1923
-0.0031 -0.0253 -0.4115 -0,4793 - - -0,3137 =0.2917
+0,0528 -0.0305 -0,4623 -0.4754 - - -0.2313 -0.2261
-0.0273 -0.0128  +0,2833 +0,5010  +0,0359 -0.6524 - -
-0,0049 -0.,1293 +0,0585 40,1083 +0.1007. -0,.6263 - -
The Cross Elasticities
- Percentage change in the price of:
Pecans Walnuts Filberts Almonds
" Model V "Model VI Model V Model VI Model V Model VI Model V- Model VI
- - -0,.2352 +0,0350 +0.8481 +0.6192 -0.1747 -0.2673
- - +4,3193 =-0,3073 -3,0528 +1,3588 +0.6883 -0,5361
-0,0109 +0,2686 - - f1.0242 =-6,0940 +0,3263 +3.1149
+0,1959 -0,0823 - - +2,8196 -6,6852 -0.5003  +2.9097
+0.0055 +0.5397 +7.9953 +10.5626 - - +2.0824 +4,5781
'=1,9593 +0,1227 +32.8600 +6.4023 - - +7.5362 ° +2,6019
+0,0254 - ~0,.6446 +0,0401 -14,2192 -0,5599 +12,8544 - -
+4,7810 =12,9151 . = =4,4497 . +16,4076 - -

w0

=
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only a few instances were the crosswdemand parameters of the single aqua-
tion estimates significant at the 5 percent level, according to the t-test,
This ralses the question of the validity of the cross-price flexibilities
as measures of competitive relationships. In turn, since the CrOsSs=
demand measures of the just-identified equations are based upon estimates
from the single equations, the question is raised as to the validity of
the measures of cross elasticity, However, these measures ars exgmined
for the indicated demand relationship and for consistency of signo75
From model V, the coefficients that were conmsistent according to
sign and also consistent between the two measures according to the type
of demand relationship are as follows:
(1) In natural units: Pecans and filberts - competitive
(2) In logarithmic form
{a) Pe@ans and walnuts - competitive
{b) Pecans and filberts - complementary
{c) Filberts and walnuts - competitive
The @hly demand relationship that was consistent in both natural
units and in logarithms was between pecans and filberts, The indicated
type of demand relationship, however, was reversed in the two functiomsl
forms of the equations.
In model VI the only demend relationship that was consistent in terwms
of the cross-price flexibility and cross elasticity was the indicated

competitive relationship between slmonds and filberts,

T5Th@ Hotelling conditions were used to test the cross-demand para-
meters, The results of this test of consumer raticomality was, in most
cases, not comclusive. However, the Hotelling conditions are conditions
for consumer behavior and therefore may not be reflected at the primary
level of the marketing process,



The income elasticities for the domestic tree nuts are presented in
Table XXI. In general, the single equation estimates are more acceptable
on an 8@ priori basis than the just-identified estimates in regard to both
magnitude and sign, The positive income elasticities for all the tree
nuts are greater than 1.0, indicating that a change in consumer incéme was
associated with a greater percentage change in the same direction in tree

nut consumption,

TABLE XXI

INCOME ELASTICITIES FOR PECANS, WALNUTIS, FILBERTS AND AILMONDS

Pecans Walnuts Filberts Almonds

Natural Units
Single equation estimates

Model V +2.3228 +2,3970  +20,1245 42,5250

Model VI +2.1435  +1.9947 4+ 6,9018  +9.0378
Just-identified estimates

Model V +2.4037 +1.1201 - 8.5772 +42.4762

Model VI +2.1459  -8.8317 -15,6518 -27.4861

Logarithms
Single equation estimates

Model V' +1.5698 #2.0433 + 5.6802 4 2.7817

Mcdel VI' +1.7109  +1.6972 4 5,0121 + 9.6477
Just-identified estimates

Model V' -2,4229 44,7191 -32,1487 - 1.9621

Model VI' +2.2252 -5,8418 - 6.6125 +21,3098

The coefficients of income elasticity for pecans estimated from
alt@ﬁn@tive models and by different techniques are more comsistent im
magnitude than are the coefficients for the other nuts, Except for the
negative income coefficient for seedling pecans in model V, the astimates

of income elasticities for pecans range from +1.57 to +2.40. The negativa
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sign of the just-identified estimate of model V, of course, is in dis-
agreement with the other coefficients and its theoretical counterpart.

The coefficients of income elasticity for walnuts from model V are
positive, Negative income elasticities are indicated in the just-
identified estimates of model VI. All the negative estimates for each
tree nut occur in the just-identified estimates,

The various estimates of the income elasticity for filberts are
quite contradictory in regard to both sign and magnitude, Unlike the
other coefficients, all of the just-identified estimates of income
elasticity are negative,

In general, the estimated parameters for pecans were more a@cept-
gble based on g priori expectations, logical consistencies, and statis-
tical tests than were the estimated parameters for the other domestic
tree nuts, There are several possible explanations for the more "acecept-
able' results in the case of pecans:

(1) Foreign trade in pecans is relatively unimportant,

(2) There are no quantity controls in pecan marketing such as
those imposed in the marketings of the other domestic tree
nuts, and

{3) The amount of storage at the grower 1evel76 is probably
smaller in pecans than the other nuts,

The marketing of pecans is also the least organized of all the domestic

tree nuts; hence, it would be expected that the supply and demand forces

76

Above the grower level of the marketing process, pecan storage
is probably quite considerable.
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in operation at other levels of the marketing system would be more
readily and accurately reflected back to the grower level for pecans than

in the case of other tree nuts,

A& Comparison Between the Estimates for All Pecans and the Estimates for
Seedling and Improved Pecans

Economic theory suggests that commodities which have good substi-
tutes tend to have higher price elasticities., Seedling and improved
pecans can substitute for each other at least to a greater degree than
other commodities can substitute for all pecans as a group. It would
therefore be expected for seedling and improved pecans to have higher
coefficients of price elasticity than all pecans. This expectation is
realized since the estimated price elasticities for seedling and improved
pecans are of larger magnitude than the estimated price elasticities for
all pecans (See Tables XVI and XIX).

'Th@ income elasticities computed from the two equation models for
seedlimg and improved pecans are consistent with the income elasticities
for all pecans computed from the four equation models, The positive
income elasticities for seedling and improved pecans (Table XVIII) are
greater in magnitude than the positive income elasticities for all
pecans (Table XXI). This is logically consistent since, for a given
‘income elasticity for all pecans, the quantity of either seedling or
improved pecans would have to increase percentage wise to a greater
extenﬁ in response to & given percentage increase in income than would the
gquantity of all pecans, Only in this way would the absclute increase in
guantities of seedling and improved pecans be equal to the absolute

increase in the guantity of all pecans,
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Implications from This Study and Suggestions for Future Research

The incomnclusiveness of the empirical results of the demand inter-
relationships among domestic tree nuts, as well as the other relation-
ships that were not adequately described, could be a result of the
choice of models, the time series used to reflect the included variables,
or a combination of both factors, However, the implicatioms that arise
from the consideration of these results should be useful in futufe research
of the demand relationships among domestic tree nuts and in studies of
other agricultural crops which have economic chgracteristics similar to
the domestic tree nut industry,

The empirical results of this study might be improved if additional
or more adequate time series data were available. This would include data
on storage of tree ﬁuts, tree nuts not harvested, or tree nuts diverted to
non-commercial outlets by marketiﬁg order and agreement programs. To
further understand the demand relationships an attempt might be made te
analyze the demand relatlonships between each tree nut and the gquantity
of its ilmports and imports of other tree nuts.

The point in time or the time périod in terms of which individual
observations of the data were defined should alsc be considered. The
use of aggregate data for the entire crop season way mask demand relatiom-
ships taking place during the season. If, in fact, the demand interrela-
tionships are of a short-term, intraseasonal nature, they might be more
definitely exposed by the use of time series on a monthly or quarterly

basis. Another possible hypothesis is that the demand interrelationships
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are a result of changes from year-to-year in the price-quantity variables,
as contrasted to changes from the mean of a long-term series. If this
were true, the empirical results may be more consistent if first differ-
ences of series were used instead of actual data,

Another possibility for the inadequacies in the results is that tree
nuts may be related in demand at wholesale level rather than at the
grower level. For example, large purchasers of tree nuts, such as, con~
fectioners, bakers and nut salters may be highly influential in deter-
ming the demand structure for tree nuts, The results of their actions
or the actions of consumers may not be adequately reflected back to the
grower level because of market imperfections. These hypotheses could
Be tested by an analysis of the demand relationships at marketing levels
above the grower level,77 Studies at other levels of the marketing
system would élso contribute to an uﬁderstanding of the economics of the
tree nut industry, especially when used and compared with a demand

study at the grower level,

7Tln studies above the grower level, the demand relationships among
tree nuts in-shell and shelled form should be considered,
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APPENDIX A

APPENDIX TABLE A-1

SEASON AVERAGE PRICE RECEIVED BY GROWERS, PER CAPITA DISPOSABLE
"PERSONAL INCOME, AND THE CONSUMER'PRICE INDEX,

UNITED STATES, 1920-55

: : s Per Capita :

: All Seedlin Improved : . ¢ Disposable : Consumer

:  Pecans Pecans Pecans : Almonds® Filberts® Walnuts® Personal : Price
Year f : Income : Index

: 1 3 P 5 6. ! 7 P8

H cents per pound ’ : dollars per ton : dollars : (1947-49

H : ;= 100)
1920 25,7 a a 360 d 400 654 85,7
1920 17.6 320 400 508 76.4
1922 26,5 18.7 44,5 290 360 541 1.6
1923 19.3 14,1 42,5 260 400 616 72.9
1924 23,4 18.6 43,8 300 : 460 610 73.1
1925 22,1 17.3 371.6 400 441 636 75.0
1926 15.6 11.8 32,5 300 481 651 76.6
1927 20.6 15.4 35.4 320 320 331 645 4.2
1928 16.6 12.0 29.6 340 380 421 - 653 73.3
1929 16,7 11.4 31.7 480 300 321 - 682 73.3
1930 14,9 10.8 27.7 200 340 410 604 T1.4
1931 7.8 5.8 13.9 176 250 223 515 65.0
1932 6,0 4.4 13,5 165 202 179 390 58.4
1933 8.0 6.0 13.0 186 297 - 224 364 55,3 -
1934 2.6 11.¢ 15,5 180 202 191 411 57.2°
1935 6.8 5.0 12,4 280 263 203 . 459 58.7
1936 12,4 9.6 14,7 402 270 217 517 59.3
1937 7.7 5.8 10,9 275 217 181 551 61.4
1938 9.4 7.2 11.8 258 225 221 506 60,3
1939 9.7 7.8 12,2 209 226 168 538 59.4
1940 8.9 6.9 12.8 24 250 230 576 59.9
1941 10.3 8.5 12,8 704 306 252 . 697 62,9
1942 17.1 14.6 18.9 442 352 307 871 69.7
1943 23,0 19,0 28,5 132 499 478 977 4.0
1944 21,5 16.9 27.7 T4b 540 446 1,060 75.2
1945 23.8 20.0 29,2 T20 551 - 509 1,075 76.3
1946 33.7 28,8 40,2 486 384 555 1,126 83.4
1947 22,3 18.3 29 .4 558 252 382 1,173 95.5
1948 12,2 10,0 15.2 422 259 419 1,280 102.8
1949 18.8 17.0 21.8 330 219 351 1,261 101.8
1950 28.8 25,7 31.8 . 546 . 350 385 1,359 102.8
1951 19,7 17.2 21,7 472 351 429 1,464 111.0
1952 22,1 18.8 25,2 464 298 396 1,512° ' 113.5
1953 16.3 4.7 17.8 476 s 344 : 412 1,568 1144
1954 28.6 25,2 32,7 498 @0 350 1,567 114.8

32.8 29,6 40,9 861 420 552 1,635 '114,5

1955
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prices by quantities sold,

State prices by quantities sold.

BData prior to 1922 not available,

I .

bDecember 1 price 1920-1936. For all methods of sale, United States prices compﬁ:ed by weighting State

®For all methods of sale,

d

Data prior to 1927 not available,

eEqu!.val.nt returne for bulk nuts at first delivery point, United States price computed by weighting

Sourcas of Data:

Col,
Col,
Col,
Col,
Col,
Col,

Col.
Col,
Col,
Col,
Col,
Col.

Col,
Col,

1920~33,
1922-43,
1922-43,
1920-33,
1927-33,
1920-33,

1934-55,
194455,
1944-55,
1934-55,
1934~-55,
1934-55,

1920-55,
1920~55,

P.
P
P
P
P
P.

P
P
P
P
P.
P

P.
p.

United States Department of Agriculture, Buresu of Agricultural Economics,
Tres Nuts, Acreage, Production, Farm Disposition, Value, and Utilization
of sales, 1909-45,(Washington, D,C,, Octobar, 1947),

United States Dapartment of Agriculture, Agricultural Marketing Servica,

Tree Nuts by States, 1949-55, Reviesd Estimates, Statistical Bulletin
No, 195, (Washington, D.C,, Octobar, 1956).

United States Department of Agriculture, Agricultural Marketing Service,

Supplement for 1956 to Consumption of Food in the United States, 1909-52,
Agricultural Handbook No. gé,(wnshington, D.C., September, 1957).



DOMESTIC PRODUCTION OF TREE NUTS AND UNITED STATES POPULAT ION

APPENDIX TABLE A-II

1920-55

: All Seedling Improved : Total Population

: Pecans Pecans Pecans Almonds Filberts® Walnuts ¢ as of July 1
Year H

; 2 3 4 5 6 : 7

: 1,000 Pounds Tonsb : Million
1920 10,375 8,077 2,298 6,000 22,950 106.5
1921 48,155 40,391 7,764 6,200 23,350 108.5
1922 11,355 7,907 3,448 9,000 29,400 110.1
1923 58,030 47,516 10,514 11,000 26,950 112.0
1924 37,998 30,848 7,150 8,000 24,650 114,1
1925 52,463 40,147 12,316 7,500 36,550 115,8
1926 95,861 78,326 17,535 " 16,000 16,200 117.4
1927 36,504 26,964 9,540 12,000 60 52,100 119.0
1928 68,550 50,545 18,005 14,000 200 27,400 120,5
1929 53,340 44,501 8,839 4,700 200 43;400 121.8
1930 57,135 43,260 13,875 13,500 300 30,300 123.1
1931 88,463 66,461 22,002 14,800 420 34,200 124,0
1932 68,234 56,421 11,813 14,000 490 49,100 124,8
1933 78,812 55,871 22,941 12,900 1,070 34,000 125,6
1934 56,172 36,704 19,468 12,000 . 1,210 47,100 126.4
1935 124,485 95,021 29,464 12,700 1,240 57,400 127.2
1936 59,787 27,530 32,257 10,700 2,100 45,800 128,1
1937 107,190 67,164 40.026 24,600 2,570 62,400 128.8
1938 74,323 39,032 35,291 18,400 2,440 55,300 129.8
1939 97,060 56,116 40,944 28,700 3,890 62,500 130.9
1940 122,884 80,758 42,126 15,000 3,210 50,800 132,1
1941 121,781 70,329 51,452 9,500 5,750 70,000 133.4
1942 77,374 31,991 45,383 31,500 4,170 58,250 134.9
1943 133,042 75,869 57,173 20,500 6,930 63,600 136.7
1944 142,104 80,916 61,188 31,700 6,420 71,500 138.4
1945 138,854 79,618 59,236 32,000 5,320 70,700 139.9
1946 76,225 42,733 33,492 47,200 8,450 71,900 141.4
1947 119,602 T4 ,409 45,193 35,700 8,800 64,500 1441
1948 176,043 98,511 77,532 36,500 6,060 70,650 146.6
1949 125,690 75,585 50,105 43,300 10,590 87,800 149.2
1950 124,630 61,842 62,788 37,700 5,790 64,200 151.7
1951 156,735 68,135 88,600 42,700 6,450 77,400 154 4
1952 151,436 71,866 79,570 36,400 11,570 83,800 157.0
1953 214,170 107,955 106,215 38,600 4,800 59,200 159.6
1954 94,600 50,800 43,800 43,200 8,470 75,100 162,4
1955 146,860 104,460 42,400 38,300 7,710 77,400 165.3

b

Sources of Data:

Col.
Col,
Col,
Col,
Col,

Col,

L

1920-33,
1920-33,
1920-33,
1920-33,
1927-33,
1920-33,

1934=55,
193455,
1934-55,
1934-55,
1934=-55,
1934-55,

1920-55,

p. 12
p. 12
p. 12
p. 11
p. 10
pe 7

p. 12
p. 13
p. 13
p. 2
Pe 5
p. 3

®Data prior to 1927 not available,

Includes only quantities harvested,

United States Department of Agriculture, Bureau of Agricultural

Economics, Tree Nuts, Acreage, Production, Farm Disposition, Value,
and Utilization of Sales, 1909-45,(Washington, D,C., October, 1947),

United States Department of Agriculture, Agricultural Marketing

Service, Tree Nuts by States, 1949-55, Revised Estimates, Statisticel

Bulletin No, 195,(Washington, D.C., October, 1956).

United States Department of Agriculture, Agricultural Marketing
Service, Supplement for 1956 to Consumption of Food in the United.

States, 1909-52, Agricultural Handbook No. 62,{(Washington, D.C.,
September, 1957). ’
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APPERDIX TABLE A-IIT

FORETGN TRADE--TREE NUTS, IN-SHELL BASIS, 1920-55°

Imports of:

: b d . . £ g H H
Pecans Almonds - Filberts : Walouts N N .
Year T rports Exports® Imports Exports® _ Imports Exports®  Imports Exports® | 2;::5;;:; Al;u't‘ree : c;ﬁ:: 10
H : - Nutse H Imports Column 9
1 2 3 4 : 5 ~ 6 7 8 : -9 : 10 11

Tons Tons H Tons . Tons Tons Tons Tons
1920 1,098 13,898 12,672 18,926 46,594 85,000 38,406
1921 541 8,177 11,745 41,865 62,328 133,000 70,672
1922 1,23 5,686 14,383 30,908 52,211 119,000 66,789
1923 392 4,978 - 15,356 31,453 52,179 124,500 72,321
1924 1,359 17,927 11,136 43,588 74,010 - 123,500 49,490
1925 506 19,069 9,847 37,725 67,147 111,500 44,353
1926 560 5,122 13,358 37,818 56,858 - 110,500 53,642
1927 130 2,510 12,948 24,215 39,803 83,000 . 43,197
~ 1928 270 2,292 12,290 29,158 44,010 104,000 59,990
1929 366 33,258 1,877 24,073 65,574 91,500 25,926
1930 252 22,108 7,931 21,204 51,495 ‘93,000 41,505
1931 230 13,898 >T97 15,521 35,446 ~ 91,000 55,554
1932 12 8,177 6,570 8,044 22,803 63,000 40,197
1933 356 5,686 3,525 6,762 16,329 71,000 54,671
1934 518 . 4,978 3,544 6,288 15,328 82,000 66,672
1935 350 182 17,927 3,993 5,108 6,049 27,378 107,000 79,622
1936 61 903 19,069 4,798 5,926 6,160 29,854 118,500 88,646
1937 232 1,307 5,122 2,278 5,643 5,192 13,275 98,500 85,225
1938 193 1,927 2,510 2,221 4,638 6,353 9,562 105,500 95,938
1939 282 1,244 2,292 3,493 5,438 4,347 11,505 99,500 87,995
1940 179 506 3,309 1,672 5,447 1,948 10,607 123,000 112,393
1941 2 282 6,205 92 3,322 2,006 9,621 103,000 93,379
1942 4 38 1,686 66 302 1,360 2,058 32,000 29,942
1943 419 603 18,878 82 1,173 - 215 2 1,174 20,472 38,500 18,028
1944 216 1,977 37,580 148 8,072 249 26 1,990 45,89 191,500 45,606
1945 425 2,104 30,468 160 11,089 158 455 3,502 42,437 119,500 77,063
1946 330 1,501 15,082 552 13,451 232 997 2,826 29,860 125,500 95,640
1947 692 .. 300 19,742 378 4,672 522 715 2,707 25,821 122,500 96,679
1948 238 826 17,176 103 8,641 195 3,088 1,378 29,143 147,000 117,857
" 1949 143 1,704 2,431 210 7,226 235 7,514 2,064 17,314 142,500 125,186
1950 698 881 20,874 110 5,501 339 - 7,730 . 1,911 34,803 186,500 151,697
1951 78 909 6,060 876 7,837 359 8,168 1,499 22,843 147,000 124,157
1952 497 1,149 11,272 2,594 5,862 487 8,030 1,628 25,661 156,000 130,339
1953 308 1,487 11,540 6,799 6,147 250 8,683 1,680 26,678 163,500 136,822
1954 442 1,430 2,206 8,624 1,711 950€ . 15,803 5,147 26,162 195,500 169,338
1955 1,014 915 26 6,699 14,569 1,800 23,008 189,000 165,992
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Appendix Table A-III (Continued) -

8Year beginning July 1 of year indicated, except for ilmports of filberts which are on a calendar year basis for the years 1920-26,

bExports of shelled nuts converted to in-the-shell basis at ratio of 1 to 2.5. Imports of shelled nuts prior to January 1949 were converted
at ratio of 1 to 2.63, thereafter 1 to 2.78. '

“Not separately classified prior to date given.

Vdshelled converted to in-the-shell basis at ratio of 1 to 3.33. ) R

ePreliminary

fShelled converted to in-the-shell basis at ratio of 1 to 2,22,

ZShelled converted to in-the-shell basis at ratio of 1 to 2,38.

hIncludes almonds, filberts, pecams, walnuts, brazil nuts, pignolia, pistachio, chestnuts, cashews, and miscellaneous; excludes cocoanuts,

Sources of Data:

Col.
Col.
Col.

Col.~

Col.
Col.

Col.
Col.
- Col,
Col.
Col,
-Col,
Col.

Col,
Col.
Col.

Col.

Col.

s se ev we 2k an

@W~I\Uiw

“6 as oe e e e

[l e AV R UVN )

o
o

1920-38, p.

.1935-38, p.

1920-38, p.
1927~38, p.

' 1920-38, p.

1935-38, p.

1939-55, p.
1939-55, p.
1939-55, p.

- 1939-55, p.

1939-55, p.
1939-55, p.
1939-55, p.

1920-38, p. 234

1943-54, p.

;- 1943-54, p.

1920 P.

1921-26, P.

329
329
327

328

331
331

257
257
255
255
257
257
254

130-

133
545

487

United States Depértment of Agriculture, Agricultural Statistics, 1952, (Washington, 1952).

United States Départment of Agriculture, Agricultural Statistics, 1956, (Washington, 1957).

Bulletin No, 112, -(Washington, 1953).

United States Department of Agriculture, FAS, Foreign Agricultural Trade, Statistical Handbook No. 179,

United States Department of Commexce, Bureau of Foreign and Domestic Commerce, Foreign Commerce and
Havigation of the United States for the Calendar Year 1920, (Washingtonm, 1921). -~
United States Department of Commerce, Bureau of Foreign and Domestic Commerce, Foreign Commerce and
Navigation of the DOnited States for the Calendar Year 1926, Vol. I1I, (Washington, 1928).
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Model I°

APPENDIX B

. THE LOGARITHM FORM OF THE EQUATIONS IN CHAPTER IV.‘r

¥, = «4,1566 - 0.3082z, - 0.2154z3 + 1,8234Z_ - 0.008328 - 0.5170210 + 0,0663z2
(3.2325)  (1.9442)  (4.4565) (2.0954)  (1.6310) (2.4563)

Model I1'

8% = 7914

11

Y, = ~4,5228 - 0.313222 - 0.226323 + 1.896027 - 0.00592B - 0.5053210 + 0.0702211

(2.8437)

(1.7688)

(4,0119)

(1.2905)
2
R™ = 7475

(2.2536)

Y3 w -3, T448 + 0.013122 - 0.4;67023 + 1.71\\0527 - 0.012628 - 0.4089210 + 0.05?1111

Model III*

Y, = -4.7179 - 0.32212, - 0.2692z3 + 1.9308z7 - 0.00562B - 0,3806210
(3.7674)

Z, = -3.0758%, + 1.6§80Y

Model V!

Z, = --3.1300Y2 + 1,5168Y

Z; = -0.0875Y, ~ 2,0989Y

z, = -0,0349%, - 1,9715¢

(0.1592)

3

3

(2.6971)

(0,0628)

3

3

(4.,8988)

+ 3,29432

+ 3.8191z

(1.9611)

(4.8095)

+ 3,0229Z

+ 3.55562

(4.,9431)  (3.6915)

2 = 8995

- 0.026928 - 0.9025210 + 0,1280z2

(1,1297)

% = 6892

Y5 = -3.9061 + 0.00572, - 0.5024Z5 + 1.7693z., - 0.0123z4 - 0.30582,
(4.5365)  (3.2670)

&% = .8709

+0,0031z; ~ 0.66662,

+ 0024524 - 0.61€22,

Y, ™ ~3,6971 = 0.324522 - 0.229523 + 1.565727 - 0.004528

(2.7210)

(1,7539)

(4,5112)  (0,9408)

8% = 6765

Y3 = =3.0858 + 0,00382, - 0.4706Z; + 1,47592; - 0.01152,

(0.0416)

Zy = -3.0647Y, + 1,4948Y,

23

(4.7145)

(5,5754)

(3,1152)
R, = 8650

+ 259222, + 0.00322,

= -0.0247Y, - 2,1131¥, + 3,15742

- 0,02442

8

(2.4998)

N

+ o.oooszB - 0.9614210 + 0'1318211

11

4.2%)

(4.5")

(4.6%)

(4.TY

(4.8")

(4.9")
(4,10")

(4,11

(4.12")
(;.13')
(4.14")

(4.15")

(4.16')

*Thu prime to the right of the -qu’l:vion number indicatss the variablas (except for the
variabla time) are axpressed in the form of logarithma,
to the numbers in the text,

The numbsra of these equations correspond
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Appendix B (Continued)

THE LOGARITHM FORM OF THE EQUATIONS IN CHAPIER V

Model V! o )
Y, = +1.,6903 - 0.862221 - 6‘.346724 + 0.056025 + o.ooaazé + 1.35352, - 0.0022Z, - 0.0617212
(5.8223) _(1.6600) (0.6869)  (0.0343) (3.3341) (0,3110) (0.5295)
8% = .7800

Y4 = +1,3813 - 0.003321 - 0}@45824 - 0.033025 - 0.063226 + 0,9109z_, - 0.0054Z9 - 0.0485212
(0.0272)  (2,6481)  (0.5025)  (0,7003) (2.7834) (0.9382) (0,5158)

R L6087

Yo = +3.8335 + 0.05282) - 0,46232,, - 0.0491Z, - 0.23132 + 0.27892, - 0.0028Zy = 0.1970Z),

(0.3979)  (2,4703) © (0.6719) (2.3042) (0.7665)  (0.4315)  (1,8859)
'  Pemn '
Yg = =0.9403 - 0.0049Z, + 0.058524 + 0.1007z5 - 0.6215z6 + 1.728827 - 0.9096z9 - 0.1635z12
(0.0263) (0.2205)  (0.9731) (4.3692) (3.3536) (1.0483) (1,1051)

8% = ,7208

2, = -1.3571Y1 + 4.3193‘14 ~ 3.0528Y. + 0.6883‘16 - 2,4229Z, + 0.018529 - 0,3638212

5 7

= +0.1959%, - 5.3853Y, + 2.8196Y, - 0.5003¥; + 4,7191Z, - 0.0258Z, + 0.2247Z,,

5 7

N
n

-1.9593Y, + 32.8600Y4 - 29.2622Y5 + 7.5362Y6 - 32.148727 + 0.165029 - 3.0597212

+ 0,00882, - 0.73)46z12

Zg = -0.2880Y1 + 4.7810‘1'4 - 4.4497‘[5 - 0.4409'1'6 - 1.962127

(5.5")

(5.6")

.

(5.8")

5.9
(5.10%)
(5.11")

(5.12"%)
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APPENDIX C

COMPUTATION OF JUST-IDENTIFIED ESTIMATES FROM THE REDUCED FORM ESTIMATES

1. The equations, (5.5) to (5.8), in matrix form are:

©.1)

P' = BQ! + Cz!
where
¥, -0,83146525 ~0,20170602 -0.67438776 -0,09064799 Zy [
P s | Y BQ' = +0,00408 363 -0.51537685 +0,92731509 ~0,14998073 2,
Y5 -0,00313089 ~0,37039213 -0.59963784  -0.70418067 Z5 ’
Yz -0,03441761 +0,32315735 +0,62880599 ~3,2981334 26
+0.70855449  -5,5245054  -0,26266907 2
and Gz' = | +0.50120845 120006931  -0.9454829 2]
+0,31886506 -8.,2472187 -0,37755317 Zot
+1,3546724 ~14,870861 -0,85156374
2, Step 1, Compute the inverse of B.
3. Step 2, Premultiply each term of the single equations by B-l. Equations (C,1) are written as:
87lpr = 37eqt + 57Nz (c.2)
or
27l =g+ B lezt, (€.3)
4, Step 3. Equations (C,3) are the just-identified equations,(5,9) to (5.12), and by re-
arranging terms can be written as:
Q' =87t - 7z
where
ril ™ -1,20129669 -0,22889219 +0,85188262 .  ~0.13845855 Yl—
- B-lP' - -0,01216155 -0,93851986 -1,13784257 +0,28595237 X,
Q 2z +0,00037757 +0.56058544 ~0.67646263 +0,11892808 Y5 ’
Zg +0,01141648 +0,01730914 ~0.24934883 -0,25106452 Y
™ +0.88185783 -4 ,62420133 «0,13346015 27
a B'lcz‘ - +0,45454213  -17,31227620 -0.27801931 z9
an -0,22669643  +3.42715118  -0.10102419 2, "
’ +0,40285256 -5.50350163 -0.30330458




110

APPENDIX D
“MODEL IV--A VARIATION OF MODEL III

. *
Single Equation Estimates in Natural Units

¥, = +9.2184 - 0.1970z] - 0.067721" + o.oauz% - 0.0310z¢ + 0.030672, - 0.40392, + 0.0428213 ' (D.1)
(6.0116) (1.2984)  (0.5084)  (0.6169) = (4.2555) (1.66418)  (1.7210)
82 = L8071

Y, =+14.6131 + 0.00512] - 0.13692; + 0.253725 - 0.06422} ¥ o'.oesez,{ - 0.71762y + 0.00472, 5 (0.2)
(0.1706)  (2,8620)  (1.9379)  (1.3934) (3.9320) (371803) (0.2067)
i o . R2 . :6522 ) . e T
Y5 = +23,4797 - 0,00642] - 0.09262} - 0.2352zé - 0.11622 + 0,02152, - 0.6637z, +,o.ooa4z13‘ ‘ ®.3)
(0.2211)  (2.0142) (1.6714) (2.5764) (3.3952) (3.0598)  (0.3818)
» & = 7720
¥g = -21.5011 - 0.004lzi + 0.12262,: - 1.14322; - 0.154626 + 0.065427 - 1.357524 + 0.0692z13 (D.4)
(0.0478)  (0.8971) (2.7329) (1.1739) (3.4658) (2.1053) (1.0€21)
’ RZ = 5365

Just-identifietfEstimates in Natural Units . ¥

2} = -5,1334¥; + 0.13507, + 2.4483‘[5 - 0.8345¢, + 0.1555z7 - 1484324 + o.2564z13 ) (.5)
za = +1.4018Y, + 24.7462\14 - 31.54241:5 + 12.72951{6 - 0.837627 + 14.668129 - 0.7939213 (D.6)
zé = +0.3934Y, + 7.4458Y, - 7'\.8339!!5 + 2.6125Y6 - 0.207327 + 3.84872, - 0.1672213 ®.7
zé E -1.6604111 -_35.42411:4 + 32.8338‘15 - 15.66311z6 + 1.286527 - 25.559729 + 1.0477113 (D.8)
MODEL VI'
Single Equation Estimates in Logarithms (excegc‘f_o;: ;9, time )w#
¥, = -0.9506 - o.tmzazz"1 - 0.428325 + 0.033625 - 0.08652é + 1.451227 - 0.0037z4 + 0.2067213 (®.1")
(5.7122)  (1.5133) (0.2368) (0.6530) (3.3510) (0,7018) (1.1153)
R = .7948
¥, = -0.3488 + 0.02752, - 0.679725 + 0.16442; - 0.19232&+ 1.153627 - 0.0101z9 - 0.1196213 (D.2%)
(0.2260)  (2.9333) (L.4170) (1.7729) (3.2534) (2,3027) ~ (0.7880)
’ % = 6251

*Including the year 1942 for equations (D.1) through (D.8).

**Excluding the years 1942 for equations (D,1') through D,8'),
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Appendix D (Continued)

v = +0,2435 - 0.030521 - 0.47542; - 0.181425 - 0.22612¢ + 0.909227 - 0.0126zy + 0.02302, (p.3")
(0.2238)  (1.8303)  (1.3948) (1.8594) (2.2876) (2.5641) (0.1353)
' 8 = 7337 '
Yg = -5,1437 - 0.12932] + 0.10832,; - 0.626sz - 0.276228 + 2.664727 - 0.013529 - 0.0595213 (D.4")
(0.5320) (0.2338) (2.7012) (1l.2741) (3.7604) (1.5517)  (0.1961)
% = 5681

Just-identified Estimates in Logarithms (except fo_rgg, time)

2{ = -1.1560¢) - 0.3073Y, + 1.3588Y - 0,536, + 2.22522, + 0.0024Z¢ + 0.1391Z) 4 ‘ ®.5")
z) = -0.0823Y; + 3.7192Y, - 6.6852Y5 + 2.9079%g - 5,8418Z, ~ 0.0074Zg + 0.78872,; , (‘D.6')
Zé = +0.1227Y, + 6.40@3&{4 - 8.6724Y5 + 2.6019Y6 - 6.612527 - 0.008829 + 1.094&213 ) (.7"
zé = +0.2305Y, - 12.915nr4 + 16.4076&!5 - 8.1295‘16 + 21.309&127 - 0.033229 - 2.4536213 (D,8')



APPENDIX TABLE D-1

ACTUAL SERIES USED IN MODEL IV

Year

Y

g

z! z} z5i 53 z,- z z

1 4 5 1 4 T 9 13
1927 27,76 22,30 21.56 21.56 30.89 128.30 21.86 24.39 869 1 72.61
1928 22.65 28,72 25,92 23,19 57.58 94,26 20,82 27.15 891 2 99.59
1929 20.05 21.90 20,46 32,74 44,39 110.8 13.26 62,33 930 3 42,61
1930 20.87  28.71 23.81 14,00 46,82 83.68 13.37 57.85 846 4 67.42
1931 12,00 17.15 19.23 13.54 T1.71 80.20 10,03 46,29 792 5 89,60
1932 10.27 . 15,32 17.29 14,13 54 .69 91,58 11,31 35.54 668 6 64,42
1933 14,47 20,25 26,85 16,82 63.31 64,91 7.317 29,60 658 7 87.02
1934 22,03 16,70 17.66 15.73 45,26 84,47 7.522 26,86 719 8 105.5
1935 11.58 17,29 22,40 23.85 98,42 98,28 8,228 48,16 782 - 9 125,2
1936 20,91 18,30 22,76  33.90 46,77 80.76 10.77 46,48 872 10 138.4
1937 12,54 1l4.74 17.67 22,39 83.58 105,7 T7.528 46,15 897 11 132.3
1938 15,59 18,32 18.66 21,39 57.56 92,35 T.182 32,22 839 12 147,.8
1939 16,33 14,14 19,02 17.59 74.58 103.8 11.28 47.35 906 13 134.5
1940 14,86 19.20 20,87 27.04 93.29 85,16 7.391 27.72 962 14 170.2
1941 16,38 20,03 24,32 55,96 91.29 109.9 8.759 23.55 1,111 .15 140,0
1942 24,53 22,02 25,25 31.71 57.36 86.81 6.280 49.20 1,250 16 44 4
1947 23.35 20,00 13.19 29,21 ° 83.96 90,51 18,70 76.95 1,228 21 134.2
1948 11,87 20,38 12,60 20.52 120.4 - 100.6 20,06 T73.23 1,245 22 160.8
1949 18,47 17.24 10.76 16.21 84,43 127.8 23,88 61,30 1,239 23 167.8
1950 28,02 18,72 17.02 26,56 83.08 94,83 14,89 T7.22 1,322 24 200,0
1951 17.75 19,32 15,81 21,26 102,5 -110,8 18,51 63.16 1,319 25 160.8
1952 19.47 17.44 13.13 20,44 97.09 - 117.0 22,21 60,73 1,332 . 26 166.1
1953 14,25 18,01 15,03 20.80 134.6 85,07 13,72 62,83 1,371 27 171.4
1954 24,91 15,24 13,94 21,69 58.80 111.,9 19,93 55.92 1,365 28 208.6
1955 28,65 24,10 18,34 . 37.60 90,07 111.3 17.43 47.22 1,428 29 200.8

) Yl is the season average price, in cents per pound, received by pecan growers, deflated by CPI.

¥, is the season average price, in cents per pounds, received by walnut growers, deflated by CPI,
Ys is the season average price,lin cents per pound, received by filbert growers, deflated by CPI,
¥6 15 the season average price, in cents per pound, received by almond growers, deflgted by CPI,
Zi is domestic production plus imports of pecans on a pounds per 100 persons basis,
ZA is domestic production plus imports of walnuts on a pounds per 100 persons basis,
Zé i domestic production plus imports of filberts on a pounds per 100 persons basis.
Zé is domestic producfion plus imports of almonds on a pounds per 100 persons bésis,
Z7 is per capita disposable personal income, deflated by CPI,
Z9 is time, origin at 1927,
le is the sum of all tree nut imports minus the sum of the 1mports‘of pecans, walnuts, filberta, and

almonds, on a pounds per 100 persons basis,
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