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PREFACE

This bulletin describes the major demand and price relationships
for potatoes in the four seasonral markets. It includes certain back-
ground material on economic relations within the potatc economy and
examines historical trends in prices and consumption of potawoes.
Also it summarizes a number of sraiistical analyses desighed to pro-
vide measurements of elasticity, competitive behavior, aand substitut-
ability for different crops of potaroes. Finally, it furnishes estimates
of prices and consumption for different crops of potatoes for the period
of analysis, 1947-60; and comparisens of actual and predicred values
for 1961, 1962, and 1963,

An evaluazion was made of the predictive ability of each of the
four statistical models. Qualitative and quantitative iests were made of
the accuracy of predictions from the respective models for 1961,
1962, and 1963, all beyond the period of fir, Tnese are critical tests
of a model's forecasting ability, They furnish a measure of determining
how well the models were able to predict both direction of chanye and
absolute values of the price and consumprtion variables.

This bulletin is intended 1o aid extension workers, Government
officials, agriculrural economisis, representatives of farm organizations,
and members of the industry, in obiaining a better understanding of
the pricemaking influences in the potato economy,

Information and assistance were obtained from man s specizlists
in the U.S. Department of Agriculture, Special acknowladg ment is made

to Anthony S. Rojko, formerly Head, Price Researchand Methods Section,
Economic Research Service, for assistance in preparation of the manu-
script for publication, The author alsc is particularly indebted to
Donald S. Kuryloski, Economic Research Serxvice, who made several
major subject-matter contributions in the later stages of development,

Paul J. Nelson, Jr. and Allen B. Paul of the Economic Research
Service provided information thay improved the sections on substitution
and comperition and on storage demand, Ernest J. Holcomb, Consumer
and Marketing Service, Ozkley M. Frost, Staristical Reperting Service,
and Wiil M. Simmong, Economic Research Service, aided in clarifying
many portions of the report,
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SUMMARY

The effects of important factors in the potato economy are esti-
mated in this study in four statistical models, all on a national level
The four models include a urilization model for the late summer and
fall crop and :hree models for the early crops (winter and eaxly spring,
late spring, early summer). The basic difference berween tie late
summer and fall model and the early-season models is that in the
former the emphasis is on utilization of a specified crop, while in
the latter it is on competitien and substitutability between different
types of potatoes in the three early markets.

The analyses in this study are designed (1) o give quantitative
measureaments of price and demand relaticnships for the different
seasonal crops of potatoes, (2) o give estimates of price and income
elasticities for each crop, {3) to examine price and demand for potatces
by use, (4} 10 provide a basis for measurement of degree of competition
and subsritugability between different crops of potatoes, and (5) to
predicr the valueg of certain economic variables in the potato industry.

Some of the findings and couclusions relating w0 consumer demand
for different types of poiatoes with respect o prices and income are
as follows:

Consumer response during 1947-60 varied from an elastic demand
of -2.6 for winter and early spring potaices Lo a markedly inelastic
demand of -0.2 for lare summer and fall potatoes. Thus, winter and
early spring potatoes may be 5aid to have a unique demand because of
the seasonality factor. During the same period, consumption of late
spring potaroes tended to increase (.6 percent on the average for each
1 percent decrease in farm prices, assuming no change in the other
factors. Also, consumption of early summer potatoes tended t0 increase
0.7 perceni when farm price decreased I percent,

During 1947-60, changes in disposable income appeared to have
little or no effect on consumer response for the important late summer
and fall crop of potatoes, For the other seasonal cxops of potatoes,
reasonable estimates of income elasticities were obtained, but in most
instances the income coefficients were not siatistically significant,
In addicion, there appeared to he some relationship between the price
of substitute foods {processed vegetables} and consumption of late
summer and fall potatoes, but the relationship was not statistically
significant at an acceptable probability level.

Cross elasticities were used 10 measure the degree of competition
and substitutabitiry berween different crops of potatoes in different
early markets. The resulis showed a positive and relatively high cross
elasticity for each crop of potatces competing in a given seasonal
market. It is concluded that 2 moderate 1o substantial degree of sub-
stiturion takes place in 2 seasonal market between the dominant and
competing crops of potatoes. But among none of the early crops were
the cross elasticities as high as the direct elasticities. This suggests
that some degree of differentiation exists between different types of
potatoes.

Potatoes are grown primarily for food, and under normal conditions
the order of utilization is (1} food, (2) livestock feed, and (3} starch.
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Assuming no change in demand relationships, short-run variations in
supply are distributed among rhe different outleis according to the
comparative price elasticities of demand. This swudy showed that price
elasticities for different utilizarions of late summer and fall potatoes
during 1947-60 were: Starch, -L.0; livestock feed, -C.5; and food, ~0.2
Utilization is most variable in the outlet with the highest 2lasticity,
which Is starch; and least variable in the outler with the lowest elas-
ticity, which is food.

The sratistical models generally gave gatisfactory predictions for
years beyond the period of fit. Comparisons for 1941, 1962, and 1963
showed that rthe late summer and fall model! was the most accurate in
predicting both direction of change and absolute values of the dependent
variables, Equations in rthis model, fitted by least squares, correctly
predicted the direction of change in each of 15 observarions, Also, for
this model, predictions of absolute values for prices and consumption
were reasonably accurate,

Among the early-season models, the late spring model! showed
the greatest accuracy in predicting both direcrion of change and abso-
lute values of the dependent variables for 1961, 1962, and 1963. Egua-
tions in this maoadel correcrtly predicted four out of six directions of
change and also gave relatively close estimates for prices of hoth
late spring and storage poratoes.The winter and early spring model
and the early summer model gave slightly less satisfactory predictions.

Graphic analysis of the actual and estimated values showed that
the models generally were able to estimate both wide swings and narrow
swings in farm prices for seasonal porato crops with the same relative
accuracy.

iv
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_‘ DEMAND AND PRICE ANALYSIS FOR POTATOES

By Olman Hee, Agricultural Economic Statistician,
Economic and Statistical Analysis Division,
FBeonomic Research Service

INTRODUCTION

Factors aiffecting the price and demand for potatoes on a national
ievel are identified and measured statistically, by use and by seagonal
crops, in this bulletin, One or more seasonal crops may be supplied
0 & seasonal marker. The seasonal markets examined are: Winter and
early spring, late spring, early summer, and late summer znd fail In
the analysis of each of the early markets (the first three listed), com-
petition between different types of potatoes is described. For late summer
and fall potatoes, no competition exists from other seasonal potatoes
during September-December, For this crop, in addition, the inter-
relationships between food, livestock feed, and starch are considered.
Background information on basic changes and trends in consumption
and prices of potatoes is included 1o provide a basis for evaluaring the
results of the statistical analyses.

This bulletin also examines possible differences in demand for
fresh and processed potato products, even though some of these products
are still wo new ¢ permir collection of historical data for formal
statistical analysis.

Price structure and demand structure for potatoes have usually
been studied separately in the past. Forty vears ago, Waugh (61) 1/
used regression analysis o predict the price for New Jersey potaloes.
This early study and others, such as one by Holbrook Working {66) on
Minnesota potatoes, were mainly concerned with explaining price move-
ments and predicring prices. In 1938, 14 years after the early price
forecasting studies, Schultz (33) made an extensive statistical study of
demand for several farm commodities, including potatoes. Schultz
showed that since price elasticity of demand for total potatoes was far
less than unity, a relatively large crop was worth less than a small one,
These early studies recognized the importance of changes in the level
of demand and prices due to consumer income and other factors, such
as the general price level. However, often lacking suitable data, such
as disposable income, they had to rely largely on indices of industrial
production for a shift variable.

Fox (12), using data for 1922-41, confirmed earlier results with
Tespect to the inelastic nature of demand for total U.S. potatoces. His
studies indicaied the necessity of recognizing different uses for po-
tatoes. One of the objectives was to estimate demand relationships for
potatces for food at the retail level, For this reason, consumption and
retail price were used in a formulation of demand for wtal potatoes.
For obtaining demand relationships for other vegetables and fruits Fox
used farm price and production. Disposable income was used as a shift
variable in the analyses.

Recent studies, including those of Dalrymple {7}, Meinken (27,
and Shuffetr (38), measured the effects on farm prices of supplies of

i 1/ Underscored numbers in parentheses refer ¢ {tems in the Liter-
awre Cied, page g9,




two or more different types (crops) of potatoes. Meinken’s analysis for
New Jersey potatoes measured the effect of competing suppliesfrom
Long Tsland on the price of New Jersey potatoes. Shuffert’s study meas-
ured the effects of early and intermediate production and January 1
sterage stocks of potatces on January-July average price received by
farmérs.

Gray, Sorenson, and Cochrane (15) studied demand and price
relationships for potatoes as a basis for evaluating the effects of the
price support program. Using an assumed price elasticity of demand
(based on studies prior to the 1940's), they compared the changes in
demand that occurred during 1942-50 with those that would have taken
place if prices had remained at 1938-41 levels. Their study also con-
sidered proposals fer increasing the demand elasticity for poratoes,
as well as a price support plan and an alternative pricing plan for po-
tatoes which were proposed as a means o reduce producrion and price
variations,

Simmens (39), in a 1962 study, analyzed the impact of alternative
Government programs on the elasticity of demand for potatoes. His
primary concern was the problem of unstable prices and incomes faced
by potato growers. He attributed the instability ro the low demand
elasticity for poratoes and tt . large year-to-year variations in produc-
tion relative to rhe small yearly changes in demand, He presented re-
sults from sevaral regressions which related prices o potato supplies,
and potato acreage to price, using data for the period after World War
I These analyses were for the four seasonal crops and for selected
producing areas.

In 1962, Zusman ((8) presented an econometric analysis of the
market for California early poratces. Although his primary interest
was to evaluate economic policies of concern to California potato growers
and w predict the California market, the l4-equation model which he
fitted embraced the U.S. potato industry. The model basically determined
how the supply of the U.5. late summer and fall crop, the California late
spring crop, and the late spring crop from other States was distributed
among the total U,5, demand for poiatnes for food and nonfood uses. Also,
it divided the marketing yearinte (1} a winter market, September through
February, and (2} a spring market, March through August. This model was
fitted by two-stage least squares and by direct least squares where
appropriate, The model was used to analyze the static and dynamic nawre
of the California potate market. Further uses of the model were made ta
evaluate the economic policy of California potate growers and w predict
the California market for potatoes.

The present study differs from the foregoing studies in a number
of ways, including the following:

(1} A urilizavien model is formulated and statistically fitted for
late summer and fall poraroes which assumes an interrelation between
uses of potatoes for food, feed, and starch.

(2) Three early-seasocn models are formulated which are designed
to statistically measure competition between early potatoes and storage
potatoes,

(3) An analysis is made of price~consumption relationships in
a single demand relation for late summer and fall potatoes to dem-
onstrate nentechnical methods.
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(4y Economic and statistical assumptions are given which are
basic to the choice of the particular model adopted and to the deter-
mination of the method of statisiical analysis,

{3) For parricular models, several different estimation procedures,
including limited information, two-stage least squares, reduced-form
and orcinary least squares methods are used o estimate the coefficients
in thé economic relations.

{6y From these equations, estimates of price and income elasti-
cities are obiained for the different crops of potatoes that compete in
each seasonal market--winter and early spring, late spring, early summer,
and late summer and fall,

(7} Predictions, and tests of these predictions are made from
the statistical models for price and consumption of the different types
of peratoes in each seasonal market, for years beyond the period of
analysis, 1961, 1962, and 1963. The predictions, and the tests, are
made with respect to both direction of change, and values obtained.
These statistical analyses, unless otherwise stared, are based on obser-
vations for the postwar period.

ECONOMIC IMPORTANCE AND LOCATION
OF THE POTAT" INDUSTRY

The annual potato crop in 1963, in rtoral value of production,
ranked seventh among all field crops grown in the United States and
used directly or indirectly for food. The total farm value of potatoes
produced in that year was $483 million {52), (In 1984, the total farm
value of potatoes was $840 million, the highest in three decades, due
to an unusually small crop.) In recent years, potaroes, in terms of
velume, have ranked first in the United States among crops utilized
chiefly for food in thelr inicial state.

Of the 239 million hundredweight of potatces produced in 1964,
abour 83 percent was used for food either in fresh or processed form
{55). Secondary outlets for potatoes were livestock feed, starch, and
flour (4 percent of production in 1964, compared with 8 percent in 1963},
Use in these outlets varies directly with production, The amount diverted
into these uses is influenced in some years by Government diversion
programs. Abour 9 percent of the 1964 crop was used for seed. This use
shows relarively little variation from year to year, Shrinkage, waste,
and loess made up abour 4 percent of the production, Exporrs and impores,
never large, involve rrade mostly with Canada,

Potatoes are produced in every State, Because of their bulkiness
and resulting high cost of transportation, production tended at first to
locate near consuming centers. However, with greater specialization
and the need for power-type equipment for low-cost, efficient operation,
potatc growing has become a large-scale commercial enterprise. Be-
cause of this and improved methods of storing and marketing poratoes,
production is now becoming concentrared in specialized potato producing
areas, For example, one-third of all the potatoes in the United States
are produced in Idaho and Maine, States which are distant from the
ultimate consumers living in metropolitan areas, Idaho and Maine, and
a few other areas, have a comparative advantage in the production of
potatoes.
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Trends in Production of Seasonal Crops

Potatoes are harvested in all seasons of the year. Different States
are principal suppliers in the different seasons (fig. 1}. The tabulation
below shows how the USDA Statistical Reporiing Service classifies the
different seasonal crops accordiug to the usual rime of harvest:

-Seasonal Category Usual Time of Harvest
Winter January, February, and March
Early spring April | to May 15
Late spring May 16 to June 30
Early summer July I wo August 15
Late summer August 16 to September 30
Fall Ccrober, November, and December

The beginning and closing dates for these seasons are approximations
and there is some overlapping. The above classification has been in
effzct since 1956 (32). Prior to that time the Crop Reporting Board used
only three major seasonal categories: Early, intermediate, and late.

Early Crops

The early crops--winter, early spring, late spring, and early
simmer--have remained an important part of toral U.S. production
from the early 1930's to date. In 1962-64, early crops comprised 16
percent of total U5 production {22 percent of total food use) (32),
Abour half of these potatoes were from the late spring crop, From
1947 to 1964, planted acreage of all early crops declined by more
than one-half, yield per acre increased by over three-guarters, and
total production declined by about a seventh {table 1}). Most of the decline
was in the early summer crop.

Winter and early spring crops.--Florida produced 66 percent of
the winter and early spring crop in 1962-64; California, 32 percent; and
Texas the small remainder, California winter potatoes are largely maz-
keted locally. This group accounts for about 3 percent of togal 1,8, pro-
duction but comprises 13 percent of consumption during January-April,
During 1947-64, winter and early spring production rose rapidly from
4.1 million hundredweight 10 a peak of 11.2 million hundredweight in
1937, and remained between 7 and 9 million in the last few years of the
period. Most of the increase was in Florida, Production in Florida rose
from 1.9 million hundredweight in 1947 o a peak of 7.6 million hundred-
weight in 1957, and has been around 5 to 6 million recently.

Late spring crop.--Of the total late spring crop, California, in
1962-64, "produced 63 percent; Alabama and North Carclina together,
-20 percent; Arizona, 10 percent; and 7 States in the South produced the
remaining 5 percent. Althocugh late spring poratces accoun: for about a
tenth of total U.S5, production, they make up a little over one-half of
the supply available for food during May-June; storage supplies consti-
ture somewhat less than one~half of May-June supplies, and Florida
potatoes largely account for the remainder. During 1947-64 production
of late spring potatoes, although showing substancial annual fluctuations,
iremlained at essentially the same level--about 24 million hundredweight
(table 1},




PRINGIPAL POTATO PRODUCING AREAS

WINTER AND EARLY SPRING LATE SPRING

EARLY SUMMER

- Eacly summer - Late summer
end Fall

Early spring | lote summaer

- Late spring % Fall
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California potatces are marketed in all major cities in the East.
The bulk of the California late spring crop is sold fer table stock.
Because of the extended storage season for fall potatoes, Califoernia
late spring potatoes are encountering growing competition from fall
potaroes marketed fresh as well as from processed potatoes.

Early summer crop.--Early summer potatoes coniribute almost
one~half o total consumption during the early summer marketing period,
They comprise about 5 percent of annual U,5, production. Since 1948,
production #f early summer potatees has fluctuated from 10 to 15 million
hundredwelight. The Eastern Shore of Virginia produced about 25 percent of
the early summer crop during 1%962-64; California, 20 percent; Delaware
and Texas together, 30 percent; and scattered areas in the East, South-
east, and Cenrtral States, 25 percent,




Table 1l.--Potatoes: Trend in production of early crops, by seasonal category and
principal State in each category, 1947-64 ;_L/

Winter and early spring Late spring Early summer Total

: L 3
Virginia, .
11 areas ° Total : seasons

MIL. owt. WL, Wi Wil ok, WL ok, ML, ol MiT. owe. Wil owt.

Florida : Total 2/  :California §/§ Total 3/

19kt : 1,942 4,124 1k, 0ok 23,217 5,324 18,584 45,925
1948 : 2,212 I Loy 17,860 e7,478 6,336 19,1h2 51,024
1949 : 3,203 5,108 15,436 25,496 4,313 13,592 k4,196
1950 : 3,351 5,409 16,547 28,360 4, k50 1k,040 47,809
1951 : 3,TTh 5,885 10,787 20,499 3,842 12,237 38,621
1952 : 5,895 13,315 22,355 2,601 9,908 38,158
1953 : 7,822 16,997 a7, 706 3,485 11,928 k1,456
1954 : 7,552 12,771 22,087 2,682 11,167 40,806
1955 : 08 8,975 16,843 23,992 3,648 14,001 46,968
1956 : 9,282 13,824 21,840 3,k22 , Lo, Thlh
1957 : 11,198 18,025 27,084 2,784 k9,630
1958 : 9,674 14,553 23,671 3,299 47,352
1959 : 7,145 14,625 22, 64k 2,801 43,161
1960 : 6,753 16,916 26,451 4,326 h7,841
1961 : 9,607 19,012 27,753 k4,552 52,856
1962 : 7,593 13,856 21,690 3,508 41,968
1963 : 9,000 15,246 23,847 3,270 45,1469
1964 4/ : 5,180 7,857 13,432 20,248 2,61k 39,597

1/ Data represent gross production.

2/ Data for 1947-U8 include estimates for California winter potatoes.

;I_/ Data for 194T7-48 show a breakdown of California early potatoes into winter and late spring potatoes.
L/ Preliminary.

Compiled from Potatoes, 1866-1950 [46]; Potatoes, 1866-1953 [51]; Potatoes and Sweetpotatves, 195L4-1959 [52]
and supplements; and from records of the U. 5. Economic Research | Service




The early sumimer crop must be marketed shortly after harvest.
As a result, rthis crop may suffer severe price problems in years
of heavy production. Production areas in the Southeast, especial_ly in
the Appalachians, are essentially noncommercial farming operations,

Late Summer and Fzall Crop

The late summer and fall crop combined comprises over four-
fifths of rtotal potato production in the United States. Part of this crop
can be carried through a 6- w 8&-month storage period, anditisa
dominant market influence during the major portion of the year. These
potatoes are the sole influence from mid-August through December.
As storage poratoes, they are srilladominantforce from January through
April, although early potatces exert some influence, Storage potatoes
exert a lesser influence through late spring; recently some storage po-
tatces have been marketed as late as July.

Production of late poratoes is widely dispersed through the upper
half of the United States with the bulk of producrion in highly specialized
producing areas. Together, [daho and Maine produce about two-fifths
of the rotal of late summer and fall wonnage, If production in Minnesota
and North Dakota is included, the proportion of preoduction in the four
States iIs one-half of the wtal. Other important producing Statesare
New York, Washington, Colorado, Wisconsin, Oregon, California, Michigan
and Pennsylvania, in that order.

During 1947-64, production increased by about a fourth to a level
of around 223 million hundredweight, even though acreage was down
by one-quarter (table 2). Most of the increasein productlon was in
the Western States, parvicularly in Idaho.

Eastern Region.--During 1962-64 the Eastern Region produced
an average of 76 million hundredweight of potatoes, about one-third
of the late summer and fall crop wtal (table 2). Production in the East
declined substantially immediately following the end of the price-
suppert program in 1930. However, production after that rime showed
no significant trend,

Abour half of the potatoes in the East are produced in Maine,
As in the region, production in Maine in 1933-64 showed no significant
trend. The gains In the potato processing industry in this area appar-
ently were largely offset by 2 decline in the sale of table stock.

The mote goutherly areas of the Eastern producing region begin
to market potatoes in  mid-August, New Jersey marketings are at peak
in August, New York (Long Island) marketings tend 1o peak in October,
and Pennsylvania marketings are Feaviest in December. Maine mar-
ketings wended to peak in March and April for poratoes sold out of storage.
However, in recent years, the peak has been less pronounced; relative
increases In marketings have occurred near the end of the season.
For example, in 1962-64, Maine marketings in May-June were 28 per-
cent of rtoral marketings for January-June, but only 12 perceat during
1951-353.

Central Region. --The Central Region produced an average of a
little over 30 million hundredweight of potatces during 1962-64, about
cne-fourth of the late summer and fall crop. After declining substan-
tially in the years immediately following the price-support period,
production in 1935-64 rose by about 30 percent.
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Table 2,--Potatoes: Trend in production of late summer and fall crops combined,; by region,
and by principal State in each region, 1947-64 1/

Eastern 2/ : Central. 2/ : Western 2/

Total

: * Minnesota~ ° : : : all ,
Maine f Total f North Dakota i Total 3 Idaho i Total f regions 2/

Mil. cwt. Mil. cwt. Mil, cwt. Mil, cwt. Mil. cwt. Mil. cwt. Mil. cwt.

1947 : 39,060 79,605 21,765 48,439 17,160 55,985 184,029
1948 : - Ls,045 89,178 21,888 54,258 27,360 74,522 217,958
1949 : k2,228 85,828 21,885 51,965 21,790 58,511 196,30k
1950 : 38,016 85,802 22,632 56,661 30,516 68,840 211,303
1951 : 27,000 63,975 15,329 39,586 23,055 53,594 157,155
1952 : - 32,007 67,907 16,302 41,775 26,929 63,255 172,937
1953 ¢ 34,839 71,386 18,278 Lk 480 30,690 68,357 184,223
1954 1. 29,046 67,023 23,312 47,820 26,608 63,898 178,741
1955 ;34,968 73,016 16,098 37,248 33,188 70,k64 180,728
1956 : bi,7h8 80,360 2l , 01k 48,092 33,730 74,596 203,0L48
1957 : 37,812 72,906 17,923 38,873 39,018 81,113 192,892
1958 : 36,603 76,817 25,970 50,238 45,568 92,490 219,545
1959 : : 34,263 70,033 24,017 48,037 L2,L08 8l,568 202,638
1960 : - 33,663 72,894 27,687 52,97k 43,078 83,726 209,594
1961 : . 37,000 77,705 28,052 565532 57,734 106,501 240,738
1962 : 38,955 78,037 27,049 54,508 46,319 92,190 224,735
1963 : 37,630 75,082 27,488 52,556 53,466 98,623 226,261
. 196L 3/ : 39,875 73,891 20,004 Ls,848 39,515 80,067 199,806

1/ Data represent gross production. 2/ Data for 1947-48 are for 29 late States; data for 1949-Gh are for 26
fall States; late summer production includes quantities harvested and marketed from August 15 to September 30
for New Jersey, Maryland, Virginia, North Carolina, and New Mexico. ;/ Preliminary.

Compiled from Potatoes, 1866-1950 [46]; Potatoes, 1866-1953 [51]; Potatoes and Sweetpotatoes, 1954-1959 [52]
and supplements; an8 from records of the U,S. Economic Research Service.




Most of the production increase in this region during 1955-647
occurred in Minnesota and WNorth Daketa, primarily in the Red River
Valley. During 1962-64, production in these two States averaged 25
million hundredweight and comprised abouthalf of the regional production.
Although the gains in production in these two States were mainly asso-
ciated with increased processing activity, improved storage facilitles
extended the marketing season in the area, Production alsorosein
Wiscongin because of new land development and in Michigan because of
-more processing.

The peak of marketings for Minnesoia and North Dakota potatoes
ranges from January through April. Marketings from Wisconsin and
Michigan tend tw peak in Aupgust-October but velume of marketings
continues moderately heavy through March.

Western Region,~=During 1962-64, the Western Region produced an
average of about 90 million hundredweight of potatoes or about two-
fifths of the late summer and fall crop total. Of the three regions,
producticn increased the most in the Western Region (table 2),

Most of the production increase occcurred in Idaho, where output
more than tripled in the postwar period. Production averaged about
46 million hundredweight during 1962-64, comprising somewhat over
half of the region’s production.

Unquestionably, the sharp gains in potato production are in part
asscciated with the increase in processing demand, Processing faciii-
ties for potatoes have grown rapidly, particularly in Idaho, which has
by far the greatest number of freezing and dehydrating plants in the
Northwest. In 1965-66, increased processing facilities were constructed
in the state of Washingion. About one-third of all freezing and dehy-

drating planis in the United States are located.in the Northwest. Ample
water for irrigation, and the opening up of new lands, were further
developments that contributed to sharp increases in production in this
region,

Marketings of Washingron potatoes tend to peak during September-
October; Qregon, Colorade, and Idaho marketings are relatively large
from Qctober through the following spring (34). Idaho petatoes tend to
compete heavily in certain periods with potatces grown in the Eastern
and Central Regions. In 1962-64, in New York City and some other
Eastern cities, unloads of Idaho origin during September-November
were greater than unloads of Maine origin, In Chicago and in some
other Midwestern cities, unloads of Idaho origin were about equivalent
to unloazds of Minnesota and North Dakora origin during March-April
ang exceeded them during May-June.

ECONOMIC RELATIONS WITHIN
THE POTATO INDUSTRY

The purpose of this section is fourfold First, the major economic
relationships in the potato economy are identified, Second, a simplified
price-consumption relationship is discussed and the nature of this
relationship 1s verified by graphic analysis. Third, the nature of the
demand for potatoes is discussed and the results of some of the sta~
tistical analyses are presented. Fourth, the nature of the competition
between the seasonal potato crops is evaluated. The discussion on these
four points involves relatively simple economic and statistical relation-

9
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ships; a more technical presentation is made in later sections of the
+hulletin.

Major Economic Relationships

The potato industry is more complex than is generally assumed
and any analysis involving the study of its economic structure needs
some systematic method to ferret out the relevant elements. Figure 2
illustrates the major econcmic relations that apply to the late summer
and fall crop of potatces. A similar set of relations could be developed
for the other potaio crops.

MAJOR RELATIONSHIPS IN THE POTATO ECONOMY *
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The potate indusiry may be grouped into a production sector
and a marketing sector, In figure 2, the influences which are essentially
physical, such as the production of potatoes, are represented by boxes,
whereas influences which are primarily economic are shown in circles.
The solid lines with arrows connecting the varicus items indicate the more
important factors; broken lines without arrows indicate interrelated
physical guantities; and dotted lines indicate relations berween decision-
making and operation. Arrows are usedto indicate the principal direction
of influence of each factor. Double-pointed arrows connect the variables
that are believed t0 be jointly determined. The relative sizes of the boxes
and circles Jdo not necessarily indicate their relative importance,

As indicated in the production sector of figure 2, production is a
composite of acreage and yield of potatoes per acre, each influenced by
a set of facters., The number of acres planted to potatoes is influenced
by "‘past prices for potatoes, previous level of acreage, the state of
technology, weather, and other factors that change glowly over tdme,
Studies (18) bave shown thar potato growers respond o prices by
varying not only potate acreage, but also certain inpuis such as fertil-
izer, that affect yield per acre. Also, current levels of yield are asso-
ciated with previc.s levels of vyield, Other factors affecting yield are
technology and weather. Statistical anslyses for 1930-41 and 1931-56
showed that the elasticity of acreage for late summer and fall potatoes
with respect 1 the previous year' s price was in the neighborhood of
0.12. The elasticity of yield for the same crop of poratoes with respect
to the previous year s price was about 0. 10.

The market secior illustrates that potatoes are utilized in several
ways {fig, 2), Sorting of potatoes into different lots by grades and sizes
results in channeling the higher quality potatoss into food (and seed}
and the less preferred grades and sizes into livestock feed and starch,

As indicated by the double arrows in the diagram, prices and con-
sumption for food, livestock feed, and starch are interrelated and
factors affecting any one of these also indirectly affect the others in
this group.

Variables that relate to the general econcmy, such as consumer
disposable income, prices and quantities of competing foods, and tastes
and preferences, are largely independent of the potato economy, Changes
in these external or exogenous variables, however, affect changes in
prices and consumption of potatoes. The study of current or projected
behavior of prices and consumption of potatoes requires that estiinates
be made of the exogenous variables.

Figure 2 gives clues to the type of relationships needed to explain
price and consumption of late summer and fall poratoes. The underlying
assumptions for this and other seasonal potato models are given in the
section on Statistical Models and Estimation,

The symbols in the boxes andcircles refer to the variables included
in the late summer and fall statistical model, The variables are identified
on pages 116-123. Not all of thefactors that appear in the diagram were used
in the statistical model because of lack of dara, and those with minor
effects were excluded tc keep the model staristically rmanageable.
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Price-Consumpticn Relationships

The relation bhetween prices and consumption of potatces can be
studied by simple research tools, such as graphic analysis, or by more
sophisticated methods. Tha latter usually involve the formulation of
statistical models and the processing of data on high-speed electronic
cdomputers. Fairly elaborate mathematical methods are frequently needed
to give precise statistical measurements of price and demand relation-
shivs. But simple price-consumprion relationships, worked cutby graphic
analysis, give the research worker a quick, preliminary research tool
by which he can analyze the dar and observe firsthand the relationships
berween the variables (62).

In this section a simplified relationship berween the price and con-
sumption of late summer and fall potatoes is graphically presented,
allowing for the effects of ceriain exogencus variables such as consumer
income, consumption of competing vegetables, and a time factor. The
economic relationships given in figure 2 were the bases for selecting the
important shift variables. The price-consumption relationship which is
graphically presented is 2 net relatonship and essentially traces out
a Marshallian demand curve (26, pp. 96-99). A brief description of the
variables involved in a price-consumption relation for late summer and
fall potatoes is given in the following paragraphs.

Variables

Retail prices.~= Retail prices for fresh potatoes are reported
monthly by the Bureau of Labor Statistics (BLS5). Prices are collected
in 46 cities for potzroes of No, 1 grade, of the variety selling in greatest
volume during the current menth in the cities surveyed, Late summer and
fall potatoes are sold in greatest volume from August through April.

The BLS retail price data are not completely consistent with
consumption data for seasonal potato crops. Although the Statistical
Reporting Service reports fresh market and processing utilization for
the total U.S. potato crop, no such breakdown is available for the lare
summer and fall or other seasonal potato crops. However, this limltation
appeared to have licde effect on the regression analyses,

Potato consumption.--Conceptually, a good measure of consumption
of potatoes for feod by the civilian population in the United States wouid
be a survey of consumers taken at frequent intervals to permit estab-
lishing a time series on consumption. However, such survzys are done
infrequently and only for a short period of time, such as a week, Esti-
mateg of potato censumption used in this study are derived figures,
They are computed by beginning with annual production data and sub-
tracting from production the disappearance for all nonfooduses to arxive
at an annual consumption estimate for each seasonal crop. Data on
nonfood uses are available from utilizarion and dispesition reports is-
sued by the Siaristical Reporting Service (48, 52). Annual gross consump- -
tion is divided by civilian population to get per capita consumption.

Consumption of lare summer and fall potatoes for food varies much
less than production, One of the reasons is that potitoes are a staple
item in the diet, Despite variation in supplies and prices, consumers
generally use about the same guantity of potatoes every year. Because
of changes in acreage and yield, annual production of late summer and
fall potaroes during 1950-64 varied from 11025 percent. The production
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not used for feed (and seed) moves into such outlets as livestock feed,
starch, and waste.

Congumer income.~-Traditicnally, consumer income has been used
as a demand shifter in statistical analyses. Income is assumed w affecet
the potato economy but not to be materially affected by it. However, for
the postwar peried statistical analyses designed to measure the effects
of consumer income on price and consumption of potatoes from time
series data have given inconclusive results, In many insrances, the results
have indicated little, if any, income effect,

A cross-section analysis of dara contained in the 1955 Household
Food Consumption Survey (47} indicates that consumption of potatoes was
less in the bottom one~third of the income groups than for any other in-
come group studied. However, consumption increased for every income
class interval studied in this group up t $4,000, znd it was about the
same for all income groups berween $4,000and $8,000, For incomes over
$8,000, consumption dropped slightly over 10 percent. Because of these
divergent consumer responses to income, it may not be particularly
meaningful to test hypotheses regarding aggregate income-consumption
(or income-price) relationships. One interesting observation from the
1955 Foed Consumption Survey is thatfamilies in the lowest income group
purchased ahout 15 percent less potatoes than familiesin the middle-
income group and 3 percent less than families in the highest income group,
Further, the fact that families in the lowest income groups show grad-
vally increasing consumption for each increase In income would suggest
‘that potatoes are not an ““inferior good.”’

Quanrity of processed vegetables,~=Preliminary graphic analysis
suggesfed that processed vegetables, such as canned and frozen peas
and sweet comm, might be a substitute food for portatoes. Processed
vegetab'es are convenlent and permit variety in food planning. Also,
retail prices of processed vegetables are relatively stable while prices
of many other foods vary substantially. This might tend 10 encourage
purchases of processed items over that of others,

Time trend.--Cerfain changes in consumption and prices--such
as those resuttung from changes in rastes and preferences, changes
in technology which can affect dermmand as well as supply, and changes
in composition of foods in the market basker--take place slowly over
time. Time trend may be vused as an exogenous variable in a regression,
analysis to rake account ¢f these changes.

Waugh (63) in a recenr publicarion showed rhat most of the varia-
tion in prices of individual foods and of roral food was associated with
changes in consumption and consumer income, But he also nored thart,
in some cases, formulations relating price and consumption of foods
could be improved by taking account of time trend. This is true if a
continuous shift in demand takes place gradually over a prolonged
period of time. Buras Manderscheid (23) has indicated, the assumption
chat the effect of changes in taste and preferences on consumption is
gradual over time may be inadequate. However, his studies indicate
that for some foods this assumption may srill serve as a reasonable
first approximation even rthough the demand curve may have shifted
in several abrupt changes,
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Graphic Analysis

The relationships of the variables discussed above to price of
potatces can be illustrated by graphic analysis (fig. 3). The graphic
analysis assumes that the retail price of potatoes 1s related to con-
sumption of potatoes, consumer income, consumption of processed
vegetables, and a trend factor, The data used in this analysis are on
a crop year basis. Retall price of poratoes and disposable income are
deflated by the BLS consumer price index, 1947-49=100, The income
and consumption variables are on a per capita basis. In this simplified
analysis no account was taken of competing supplies or prices of
other crops of potatoes. The analysis covers the postwar period, 1948
through 1963,
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Figure 3

In section A of figure 3, values of rerail price for each year are
plotted on the vertical axis against values of per capita consumption of
potatces for corresponding years, That is, each black dot represents
some combination of price and consumption for a given year. The solid
line shows the line of average relationship berween retzil price and
consumption of late summer and {all poratoes and represents the ‘best’
line of fit that could be drawn freehand.

Next, deviations from the line of average relationship in section
A for each year are plotted against the data for income for correspond-
ing years in section B. This is dene to see if income can explain any of
the variation (deviations from line of relationship in section A) in prices
not explained by consumpiion. Again, a line of average relationship is
drawn. The deviations now represent that part of the variation in price
that cannot be explained by consumption and consumer income,

Deviations from the line of average relarionship in section B are

then plotted against per capita consumption of processed vegetables in
section C. The line of average relationship in section C represents the
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net relationship between price of poratoes and consumption of processed
vegetables, afrer allowing for the effects of consumption of potatoes and
consumer income. Next,the deviations in section C are plotted against
time in section D, and again a lineis drawn through the scauer. To com-
plete the initial procedure the deviations from the line of relationship in
D are plotted as deviations from the line of average relationship in sec-
tion A {shown as open circles).

The next step is to see whether a new line would give a better fir.
The broken line is such aline; it shows the net relationship between price
and consumption, after allowing for the effects of changes in disposable
income, per capita quantity of processed vegerables, and time trend.
The open circles show the net scatter between the variables and rep-
resent the deviations frorn. the net relationship that could not be explained
by the four explanarory variables.

Ore apparent observation in section A is that a straighe line ap-
pears to fit the data as well or better than any other type of curve, This
suggests thar the form of the relationship is a linear function. This in-
formation is recognized in chocsing the form of the data used in fitting
the statistical model for late summer and fall potarces, discussed in a
later section. Based upon the regression line in secdon A, we would
expect an approximate change of 1.5 cents per 10-pound bag in retail
price for a change of 1 pound in consumption for food, in the opposite
direction. Adding the years 1961, 1962, and 1963 o the analysis caused
the price-consumption line to become considerably flatter than the line
which fitted the earlier years of the postwar period.

The line of average relationship in section B indicates a tendency
for prices of late summer and fall poratoes to rise with increases in
income, For the first part of the period, i.e. for 1948-33, the scarter
appears to be greater around the line than for rhe remainder of the
period. Examination of the oris;inal dara (black dots) in section A shows
that this was the period of greater than average variacion in retail prices.

As expected, the slope of the average line of net relationship in
section € shows a negative slope. [t indicates that when quanrity of
processed vegetables was relatively high, retail price of potatces tended
to decline. Increased supplies of processed vegetables result in lower
prices and increased consumption. Since processed vegetables may be
subsritutes for potatoes, an increase in consumption of these products
may adversely affect consumprtion of late summer and fall potatoes.

In section D, the slope of the trend line, fitred freehand, is barely
observable. The indication is that deflated prices for fresh poratoes
during 1947-64 were not assoclated with any significantchanges in tastes
and preferences. This aspect is discussed further in the section on
consumption and price trends in connection with relative stability of
demand for late summetr and fall potatoes.

The relationships developed in rthis graphic analysis may be used
to predict the rerail price of poratoes, if informartion on consumption of
poratoes, consumption of processed vegetables, and consumer income
ie  known or can be estimated by other means, For example, suppose
that for the 1965-66 crop year, we estimated as follows: Per capita
consurnption of peoratoes, 86 pounds; per capita disposable income,
$1,83%; and per capita consumption of processed vegerables, 18.8 pounds.
From section A we read off a retail price of 44 cents per 10-pound bag,
which corresponds to consumption of 86 pounds. From section B we add’
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9 cents, for the effect of income, to this figure. Next, from section C
we deduct 3 cents for the effect of consumption of processed vegetables,
and section D indicates that we add 1 cent for wend. This gives us an
estimate of 51 cents per 10-pound bag. The actual deflaved rerail price
for 1963-66 turned out 10 be 52,6 cents. In this case, the lines of average
relationship gave a good estimate.

Nature of Demand

In the preceding pages, a relationshipbetween price and consumption
for late summer and fall potatoes was indicared from the graphic analysis,
The line of average relationghip drawn in section A of figure 3 might be
regarded as a market demand curve for late summer and fall potatoes
at the retail level. It showed varicus prices consumers were willing to
pay for different quantities of potatoes, while holding other factors such
as income at some constant level, As expected from economic theory,
smaller quantities are associated with high prices and larger quantities
with low pricazs, Similar demand functions could be graphically constructed
for other seasonal crops. Each would most likely appear somewhat dif-
ferent depencing on the nature of demand for each.

Elastic and Inelastic Demand

To permit comparisens among commodities and to evaluate the
demand for these commodities, it is often convenient to express in per-
centage terms the change in consumption connected with a change in price.
Thus, a 10-percent drop in price may result in a 10-percent rise in the
quancity demanded. In this case the percentage drop in price is equal to
the percentage rise in purchases; economists term this “unitelasticity” of
demand, It implies a constant toral revenue, Ifthe percentage increase in
quantity purchased is greater than the percentage decline in price, demand
for the commodity is elastic and as price falls total revenue increases,
Bur if the percentage increase in consumption isless than the percentage
decrease in price, demand is inelastic and total revenue declines as price
falls.

The factors that detexmine whether different types of potatoes have
an elastic or inelagric demand are: {1} The number of uses for the
commodity, (2) the number and closeness of substitites, (3) the strength
of preferences for particular foods, and (4) the importance of the ex-
penditure for that food in relation 0 the food budget,

In general, the commeodities that have many uses tend (¢ have more
elastic demands, Also, commodities that have close substitutes tend to
have elastic demands.

Price elasticity of demand for a given crop of potatoes is not the
same at all marketing levels, The demand for pdiatoes is more inelastic
at the farm level than at the retail tevel. The difference depends on the
level of marketing services performed. Price elasticity at the farm
level becormes progressively smaller relative 10 price elasticity at
retail as the level of marketing charges increases.

& classification of price elasticities for poratoes by seasonal
category is given in table 3. This classificarion summarizes, in general
terms, the elasticities implied in the statistical results presented in
the secrion on Statistical Models and Estimation. This teble illustrates
the wide range of differences in price elasticity of demand for dif-
ferent types of potatoes. It shows that early potatoes exhibit 2 much
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Table 3.~ Classification of relative price elasticities
for potatoes, by seasonal category, and by form
{fresh or processed), postwar period,
United States 1/

Seasonal : Presh form *  Processed
category form 3/

Winter and early
spring

LTI

Elastic Elastic

late spring Moderately inelsstic Elastic

-Barly summer Moderately inelastic Elastic

LI L I L T

Late summer and
fall: 2/

Full peason : Markedly inelastic

January-April : Markedly inelsstic

May-June ': Elastic

1./ Evaluation of elasticities takes the following form:
Elagtic, elasticity coefficient 2 1; moderately inelaghic,
elasticity coefficient =2 0.5 but < 1.0; markedly inelastic,
elasticity coefficient > .0 but =« 0.5.

2/ Regression analysis for the full season includes
quantities and prices of late summer and fall potatoes for
August-April. The regression for fall {storage) potatoes
{January-april) is for quantities and prices included in
“the winter and early spring market. The regression for
fall (storage) potatoes {(May-June) is for quantities and
prices dncluded in the late spring market.

3/ From statistical analysis of price and consumption
relationships for frozen french fries based on quarterly
data, 1956-63, wnich showed a price elasticity greater
than -1.0 {analysis not shown).




higher price elasticity than late potatoes over the entire storage season.
But price elasticity for storage potatces in the winter and spring is
higher than in the fall. This is as expecred, since sworage poratoes com-
pete fairly closely with early potatoes in winter and spring, but have
the total market to themselves in the fall,

Demand in Different Utilizations

Different uses of potatoes have different price elasticitiesof demand.
Also, the price elasticities of demand in the dilfereni uses may change
over time. Figure 4 shows the utilization pattern for late summer and
fall potatoes. Also, it illustrates changes in elasticities of demand and
urilization patterns between (wo periods, It artempts to approximate the
demand curves for starch,Cg2, for livestock feed,Csy , and for food,Chy,
during the postwar period, 1947-60. Similar demand curves are shown
for the same three uses {Cgy, Cf1 , andChy} for 1921-41. These hype-
thetical demand curves were drawn to reflect the average situation that
prevailed during rhese two periods. They indicate in general terms the
elasticities obtained from sraristical analyses, 2/ Within the range of the
average of the economic variables, the implied elasticitiesobtained from
regression analysis for 1947-60 were -1.0 for potaroes used for starch,
-0.5 for livestock feed, and -0.2 for food, For 1921-41 the price elastici-
ties obtained were -0.25 for starch, -0.8 for feed, and -0.25 for focd.
Since the demand curves are linear, these elasticities apply in a statis-
tical sense only to the portion of the curve in the neighborhood of the
average values of the economic variables,
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Figure 4

2/ The statdstical analyses for 1947-860 begin on page 40, The anal-
yses for 1921-41 are not published in this bulletin.
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The horizontal broken lines in figure 4 represent the average
price received by farmere for late summex and fall potatoes for each
of the two periods. The average price wae $1.80 per hundredweight
during 1947-60 and $2.27 during 1921-41. For the purposes of this ex-
ample, the same price isused foralloutlers. In actual practice the grades
and sizes of potatoes going into each outlet are not the same, Therefore,
a more realistic dlagram might use some equivalent price for each
outlet or a price thar took account of these differences. The broken ver-
tical lines which intersect the price lines and the different demand curves
represent the average quantity of potatoes going inw each use in the two
periods. The average annual per capita use for 1947-60 was 6.1 pounds
for starch, 9.2 pounds for livestock feed, and 81.%9 pounds for food. For
1921-41, average per capita use was 1.0 pound for starch, 4,2 pounds
for livestock feed, and 110.5 pounds for food.

Becauge of differences in price elasticity, the effect of changes
in potate production (supply) is not the same in all uses, An increase
in supply will result in a relatively larger increase in that use having
the greater price elasticity. Thus, an increase In production of potatoes
in any year results in a relatvely large increase in use for starch,
a moderate increase in the use for livestock feed and a slight increase
in the use for food. For example, referring to the left-hand portion of
figure 4, an increase in production would result in the lowering of
the broken price line, It canbecbserved that as the price line is lowered,
the quantity for starch will increase faster than the quantity for live-
stock feed during 1947-60, and in twmm, use for livestock feed will
increasz at a faster rare than food use. As expected, if prices rise
because of a decrease in supply, use for starch will fall most rapidly
and a decline of lesser proportions will also occur in the use for
livestock feed. And, as suggested by the relative differences in the slopes
of the demand curves, if prices of potatoes rise substantially, the lower
uge categories may be eliminated.

S0 far, we have been considering short-run adjustments in urili-
zation and associared differences in elasticities. In the longer run,
other considerations are reflected in the urilization pattern. The biggest
shifr (in absolute terms) in utilization from 1921-41 to 1947-60 was the
subsrantial drop in pei capita consumption of porawes for food. In
relative terms, the biggest shift was the decline in the use of potatoes
for livestock feed. On the other hand, there was a gain in use of po-
tatoes for starch. In addiden, while the price elasticity of demand for
potatoes for food remained about the same and thar for livestock feed
changed only moderately, the demand for starch became considerably
more elastic. The increase in price elasticity for starch probably
resulted from greater plant capacity and from USDA supplementary
payments under potatw diversion programs, which permitted heavier
use for starch in years of excessive production.

Substitution and Competiticn in Early Potalo Markets

The four seasonal markets--late summer and fall, winter and
<arly spring, late spring, and early summer--are identified with time
of sale of poratoes, whether from production directly or from storage
stocks. Some potato crops, particularly the more perishable, are
marketed for final use immediately after harvest. Most of the late
summer and fall crep is first stored and then marketed for final use
from storage.

Figure 5 shows approximately when the different porato crops
are marketed for final use and identifies the period in which supplies
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of one crop compete with supplies of another crop. The first and by
far the largest is the late summer and fall crop, It is the only crop
marketed during the fall (Seprember through December}. In the winter
and early spring market {January through April) this crop (as storage
potatoes) competes with early potawces markewted during winter and
early spring. In May and Dune (the late spring market), diminishing
supplies of sworage potatoes compeie with early potatoes harvested
and marketed during late epring. In the early summer market (July-
August), early summer potatoes compete with late spring potatoes in
July and with the coming late summer and fall crop in August

SEASONAL MARKETS AND TYPES OF POTATOES AVAILABLE *
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Figure 5

The following discussion specifies the characteristics of a seasonal
potatc market and suggests a set of criteria which may be used o
determine the degree of substituton among the gdifferent types of po-
tatoes (also, see (20) ).

Characteristics of A Seasonal Potato Market

As indicated, various early-crop potarces are available at rerail
markets during different seasons from January through August, Each
of the early pecrato crops appears for a limited time because of 2 short
harvest season and high perishabilirty.

In the earliest seasonal market (winter and early spring), early
crop potatoces from Florida and Southern California compete with rela-
tively large supplies of storage potatoes, widely available in the northern
tier of States. In the late spring market, supplies of late spring poratoes,
moestly from Califernia and the Southeastern States, compete with lesser
supplies of storage poiatoes, chiefly from Idaho and Maine. In the early
summer market, early summer potawces (primarily from Virginia,
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Delaware, and Texas) compete with limited supplies of late-maturing
late spring potatoes and early-maturing late summer potatces.

Although the different potatoe crops are produced in different
parts of the country, intetregional shipments of potatnes within a season
make possible competition in a single economic market. Shipments from
Western areas to Midwestern and Eastern metropolitan centers have
been much greater than shipments from East w West, Different gseasonal
markets may find different degrees of penetration of the various potato
crops. The extent of dominance of a particular potato crop varies by
seasons, Figure 5 identifies the dominant potato crop in each seasonal
marker. In the winter and early spring marker, fall (storage) potatces
constitute more than 90 percent of supplies. In the late spring market,
late spring potatoes make up just over 50 percent of toral volume. In
the early summer market, early summer potatoes typically account for
about 50 percent of supplies, During the Seprember-December period,
late summer and fall potatoes constituie essentially the entire supply.

Marketings of late summer and fall poiatoes are distributed so
that certain regions tend to market them in a succeeding pattern. This
rends to produce an even flow of supplies to the principal markets. For
example, in 1963 and 1964, unloads in the New York City wholesale
rmarker were moderately large in August for western-grown potatoes
from Washington, and eastern-grown potatoes from Long Island (N.Y.).
Supplies from these States generally increased through October and
then declined somewhat., From September through December the market
was supplied from the late summer and fall crop alene, Maine and Tdaho
potatoes appeared in volume from Novemnber through spring, In 1964 and
1963, marketings from Long Island declined in velume in the spring,
but marketings from Maine continued heavy through June, and those
from ldaho were heavy thrnugh May. During this period, diminishing
supplies of swrage stocks competed with early potatoes.

In the Chicago wholesale marker for the same period (1963-63),
unloads of late summer and fall potawes from Washington and Wis-
consin were moderately heavy in August, Lighter volume unloads from
these Stares followed in Qctober-December. In the latter months, potato
unloads from North Dakota and Idaho appeared in greatest volume,
followed by lesser volume unloads from Minnesota. During these monihs
the market was supplied solely from the late summer and fall crop.
For 1964 and 1965, spring unloads, January through May, from North
Dakota were about one-third greater than these from Idaho and 2.5
times greater than those from Minnesora, Diminishing supplies of
storage stocks competed with early potatoes from the spring potato-
producing States.

Substitution Between Different Types of Potatoes

Potawes are not 4 homogeneous product, Potatoes sold in different
seasonal markets differ (1) in ourward appearance and internal qualities,
(2) in selling price, and (3) in promortional efforts to gain consumer
acceptance. Consumer preferences for certain types of potatoes may
be influenced by attributes of outward appearance, such as "‘russet’
skin or ‘"smooth’’ skin. Or preferences may arise through anticipated
qualiries of the cooked potato, such as ""mealy’ or ‘" moist.”" Different,
prometional practices are in evidence for different varieries, quaiities,
sizes, and grades of potatoes. Direct promotional efforts are exhibited
through brand names and packaging, Consumers in winter and early
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spring are made aware that early poratces are offered in the retail
stores, Because of a unique demand, this crop of potatoes is higher
priced than storage potatoes,

Consumers recognize differences and pay higher prices fox poratoes
of their cheice. Thus, different crops of potatoes may be considered dif-
ferentiated products selling at different prices. For example, in recent
years, wholesale prices on rthe New York market for winter and early
spring potatoes averaged four-fifths higher than prices for storage
poraroes of good guality.3/ Alsc, wholesale prices for Western Russet
potatoes ot the New York market averaged 2 times higher than prices
for Maine Reund White poratoes of good quality. Varieral characreristics
have been given as the explanation for consumer preference for many
differentiated products (4.

In the present study, competition betrween different crops of po-
tatoes is examined by testing for the degree of substitution between
early poraitoes angd storage supplies in each of the seasonal potato
markers. Cerrain ¢riteria are needed to evaluate the degree of compe-
tition and substitution. W, W, Cochrane {3} sets up the following critevia
for evajuating competition berween differentiated but closely competing
products: First, if price of a given product is affected significantly by
supplies of a competing product, then sellers of these products are in
competition and operate in the same economic market. Second, there
must be comrmon atiributes, including exrernal forces which tend to link
twa or mare products into the same market pattern,

The first type of evaluation can be carried outon the basis of
cross elasticities of the respective products. Products that are highly
competitive have cross elasticities that are high and positive. Products
that are not close substitutes have cross elasticities that are small,
approaching zero. Closely competing products have tearly equivalent
direct and cross price elasticity coefficiens, but of different sign. For-
the second type of evaluarion, such exogenous forces as disposable in-
come, marketing costs, and underlying trends are expected to affect
prices and consumption of poraroes similarly. However, inthe latter case,
caution must be exercised, as many producis are affected similarly but
ate not substitutes,

Bishop (3} suggests that both directand cross elasticities of demand
must be evaliated to determine competition berween products. i/

3/ Average wholesale price, January through April, 1960-04, on
the New York wholesale marker was $6.16 per hundredweight for
winter and early spring potatoes, compared to $3,42 per hundred-
weight for storage potatoes for the same period. Average wholesale
price, for the same pericd, on the New York wholesale market was
$5.52 per hundredweight for Western Russet potatoes, compared 1o
$2.73 per hundredweight for Maine Round White potatoes,

4/ Direci price elasticity 1s defined as

h

Eii=é_c§.i_ . Pi where 231 is the chauge in quantity, q,, of the it
comraodity asspciated with a unit change in price, p; , of the i com-
modity,

{ ross price elasticity is defined as

. _I_}J_ where 2»9; is the change in quantity,gi , of the jth
q; 2P
commodity associased with 2 unir change in price, pj, of the it
dity.

h COMMO-
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A simplified analysis follows, utilizing the criteria relating to
direct and cross elasticities for application to results from regression
analysis, Estimates of direct price elasticities are compared with
estimates of cross price elasticities in each of the three early markets
to determine the extent of competition among different types of potatoes,
More detailed results from the statistical analyses are reported in the
section beginning on page 40. Because the elasticities used in the fol-
lowing evaluation are estimates based on regression analysis, they are
not precise, Hence, the conclusions based on similarities and differences
of elasticities must also be of a general nature,

Winter and Early Spring Market

The direct price elasticity for winter and early spring potatoes was
found to be -2.6, indicaring an elastic demand for this type of potatoes.
Cross price elagricity with respect to the price of slorage potatoes
(Yanuvary-April) was 2.0. Comparison of direct and cross price elastici-
ries indicates that storage potatoes compete gquite closely with winter and
early spring potatoes. Thus, there is 2 substantial degree of substifution
of winter and early spring potatoes for storage potailoes.

Late Spring Market

The direct price elasticity for late spring potatoes was found
be -0.6, indicating a moderately inelastic demand for this type of potatoces.
Cross price elasticity with respect to price of storage potatoes (May-
June) was 0.4. The comparison between direct and cross price elastici-
ries indicates that the two types of poratoes are in fairly close compe-
tition, This suggests a moderate to substantial degree of substitutinn of
late spring potatoes for storage potatoes.

Early Summer Market

The direct price elasticity for early summer potatoces was found
to be -0.7, indicating a moderately irelastic demand for this type of
potatces, Cross price elasticity of early summer potatoes with respect
to price of late spring potatoes was 0.4, and with respect to price of
late summer potatoes, 0.3. From these results it appears that the cross
elasticity for early summer potatoes with regpect to prices of competing
crops (late spring and late summer) isconsiderably lower than the direct
price elasticity. These results suggest only a moderate degree of sub-
stirution of early summer crop potatoes for competing types of potatoes.

CONSUMPTION AND PRICE TRENDS

The research employed in a demand study involves the znalysis
of the shifts in demand as well as the level of demand, Shifts in demand
can be studied in a preliminary way by graphs or tables, which show
relative movements in price and consumprion over time.If the retail
price of a food commodity increases and censumption remains essen-
tia_lly the same, we may assume an upward shift in demand, If retail
prices remain the same and consumption increases, again we may
assume an upward shift in demand. Further, trends in the retail value
Ejpr:ce dx consumption) also provide some clues to what is happening to
SMmand.,

Retail prices, adjusted for the general price level, for late summer
and fall potatoes (August-April} maintained about the same level from
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1950 to date. Consumption of late summer andfall poratoes was relative-
ly stable through 1960, but has increased alittle since then, Viewed from
the etandpoint of relative price and consumpton trends, the relatively
stable retail price and the slight increase in consumption indicate a
slight upward shift in demand for this seasonal crop, probably due to
processing,

Trends in Consumption of Potatoes

Per capita consumption of potatees followed a persistent downtrend
during the first half of the present century, declining from 198 pounds in
1910 to only a lirtle more than half that amount by 1950.

Previous studies attributed the long-term decline in consumption to
several facrors, Scott and Mumford (36) in a 1949 study menticned the
following: (1) A rising standard of living associated with increasing in-
comes, (2} increased availability of other vegetables and a desire for
variety in the diet, (3} alesserneedfor high-calorie foods in present-day
cccupations, and (4} progressive urbanizationof the U,5, population, Gray,
Sorenson, and Cochrane (13) in a 1954 study included (1) declining im-
migration of people accustomed w heavy potato consumption, (2) the
“fight from calories’ explanation, and (3} variations of a ““present-day
civilization' argument, consisting of the following: Apartment dwellers
have little storage space for potatoes, modern housekeepers prefer
convenience foods requiring lirtle preparation, and modern housewives
with outside jobs have .ittle time for meal preparation. Gray, et al, (13},
emphasized thar each explanation may be only a partial answer and may
be interrelated or overlapping, The decline was near the leveling-off
point at the time these studies were made.

While these factors still may be affecting potate consumption
somewhat, it appears that their influence has wezkened materially,
Total per capita consumption of potaroes has shown no significant trend
since 1930 (fig, 6}

Recent Developments

Since 1930, there appears w be little relationship between total
consumption of poraioes and rising incomes. There are, however, dif-
fering consumer responses with respect o purchases of potatoes for
households with high, medium, and low incomes. Households in the low-
income group tend to buy more potatoes with increases in income and
households in the high income group tend w buy less (47),

During 1920-13, the increased availability of other vegerables
-appeared t be a factor affecting total consumption of potatoes, Due
o improved methods and facilities for handling and transporting
perighable commodities, fresh vegetables became availsble in large
supply during all months of the year. Outpur of canned and frozen veg-
etables increased steadily. Although the production and per person
use of processed vegetables continued to rise, consumption of fresh
vegetables has declined moderately and since 1950 there has been no
significant trend in total per capita consumption of vegetables (table 4).

Although some misundsrstanding may still exist, the belief that
potatees are a high-calorie{'fartening’’)food has been largely dispelled.
Fincher and others(6, 10, 60) have emphasized the nutritional value
of potatces. More particularly, they Dave shown that diets in general
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are apt o be deficient in ascorbic acid (viramin C)., Potatoes are rich
in rthis nurrient. Further, nutritionists have pointed out that patatoes
contain sizable amounts of important minerals, such as calcium and
phosphorus. Dissemination of these findings may have helped to stabi-
lize the use of potaroes in individual diets.

A significant development in recent years has been the appearance
on the market of a great variety of processed potato products, Congumer
environment in the postwar period has been favorable for purchases of
convenience foods. The increased availability of processed potato pro-
‘ucts neatly fits into this pattern. When the housewife shops today, she

uys not only food (nutrients), but also marketing services, such as swr-
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Teble 4.- Commercially produced vegetables: Civilian per capita consumption; 1950-64

Fresh equivalent

Processed 2/

Total Fresh

. fresh and . l/ . . Canned
. - processed . - . .

Pounds Pounds Pounds

76.6
9.6
76.8
T4
76.8
80.5
81.5
81.4
82.7
82.6
83.5
83.5
86.2
87.8
87.2

P
=

199.2 115.2
200.8 111.9
199.7 111.6
200.2 109.1
196.2 - 1o7.2
198.7 105.1
202.3 107.0
202.0 106.4
201.6 103.7
200.9 102.9
205.2 105.8
204.5 104.9
206.7 102.8
207.8 102.9
204.3 98.7
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1/ Excluding melons. _2_[ Data include pickles and sauerkraut in bulk; exclude canned and frozen
potatoes; canned sweetpotatoes, canned baby foods, and canned soups. ;/ Preliminary.

Compiled from The Vegetable Situation, October 1965 [58].




age, food preparation time, and packaging. A USDA study (8} showed that
income elasticity for marketing services is markedly higher than income
elasticity for food. The convenience foods, of which processed potaro
products are a striking example, are increasing in populariry,

Although twial per capita consumption of poratces has been fairly
steady since the early 1930's, there have been continued shifts in the
forms used. Consumption of fresh potatoes declined from 100G pounds
per person in 1950-32 to about 80 pounds in 1962-64. Population gains
were sufficienr to maintain toral fresh sales through 1961. Bur sub-
sequently, total fresh food use has declined. Many segments of the potaw
industry are aware that beuter markering practices, such as closer
grading and sizing, improved packaging, and more careful handling, are
necessary to slow the trend away from sales of fresh potarces. Pusateri
{33) discussed recommendarions for production and marketing of high-
quality fresh potatces.

Per capirza use of processed potate producis increased from 6
pounds (fresh equivalent basis} in 1930-532 to about 30 pounds in 1963-
64, with large increases in all leading forms., Use of chips and dehy-
drated items increased from 5 to about 19 pounds, or about 2.8 times;
canned products increased from 0.4 to §.5 pound, or one-fourth; and
frozen products increased from 0.6 to 11 pounds, or 17 times. The
relarively large increase in consumption of frozen producis reflecis
popularity with the insriturional trade, where convenience, uniformity
of quality, and portion control are particularly irnportant reguirements.
Frozen food pack statistics for 1964 (30) indicare that about two-thirds
of the ourput of {rozen french fries and other frozen products are put
up by food manufacwurers in institutional and bulk containers. (t appears
that most of the supplies of dehydrated products also move into restau-
rant and instirurional cutlets,

Though data on sales of frozen french fries in restaurants are
not avsailable, dara on sales of ail food by away-from-home eating places
give an indication of the importance of the restaurant trade, Away-from-
home eating places reported an increase in food sales from $9.4 bil-
lion in 1956 to $13.7 billion in 1963, or 68 percent {41), Even after allow-
ing for a 16 percent increase in the consumer price level, it can be seen
that the volume of foocd eaten away from home by the people in this coun-
try has increased substandally.

Subsritution of other srarchy foods, although frequentiy mentioned,
does not appear o have made any important inroads On potato consump-
tion. The following section discusses production or consumprtion of these
possible substitutes,

Trends in Congsuimnption of Related Foods

Figure 7 shows trends from 1930 to 1964 for annual per capita
consumption of potatoes, commercial vegetables, and all cereal products.
Per capita consumption of potztoes and commercial vegetableswas about
maintained during this period but consumption of toral cereal products
declined aimost 13 percent.

Like potato consumption and for generally similar reasons, total
per capita consumption of vegetables remained at about the same level
for 1950-64. There appears to be no relation berween total vegetable
consumption and rising incomes. Also, the convenienc‘e aspect of pro-
cessed vegetables has notably Increased their use, with an associated
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Fotatcer and related food cRtegorics: Index pumbers
of per capits conmumption, 1950-64 1f

1950 = 100
Cobamptice per cmpita
Tear . Total ¢ommercial N Totsl cereal
Tutal potatocs vegerables 2f : proafusie
1850 H el 100 100
1951 ; 107 101 99
1952 s 96 100 57
1953 H LLxY 100 ]
1954 : 10L 98 93
1955 H ple-d 102 91
1556 H 57 i 90
1957 : 103 100 89
1958 s 98 0L [
1559 H fresd ior 8o
1960 02 103 83
1661 %) 103 d7
1662 102 10k 86
1963 He ] 16k 36
196k 103 103 8

1/ ALl durs sre celendar yeAT cntimates.
g/ Exciudes melong. Inciudes fresh and processsd, froah weight baais.

Complled from datw in the Vegetsble Situstion, October 1965, { S8 }, from U.5. Foot
Conmption, { 36 } wnd from recoris of the U.5, Sconomic Renearch Service.

decline in consumprtion of fresh vegetables, Housewives increased their
‘purchases of canned vegetables almost 15 percent during 1950-64, from
an already relatively high level, and purchased 2 1/2 times more frozen
vegerables in 1964 than in 1950,

During 1947-64, per capita consumption of total cereal products
dectined but consumption trends differed among individual products,
Production of rice for food, aithough only one-sixteenth as large in
volume as potatoes, increased approximately 30 percent, Due to a desire
for variety in foods in conjunction with more internationality In cooking,
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rice has found increased use by American housewives in {ood planning.S /
The advent of *“‘instant’’rice products, popularized as convenience foods,
added to total rice consumption.

Production of semolina flour, from which macarconi andnoodles are
made, although highly irregular from 1950-52 to 1962-64, declined about
30 percent from the beginning to the end of the peried, Production of wheat
flour declined about cne-sixth during the same period. Per capita con-
sumption of semolina flour in the United States is slightly smaller than
that of rice. Thus, though semolina flour and rice are sometimes
thought of as substitutes for potatces, the American diet contains less
than cne-eighth as much of these products as of potawes.

Trends in Prices of Potatoes and Related Foods

After 1950, rerail prices of potatoes increased a little more than
the consumer price indexes for all food :nd for all consumer goods and
services (fig. B), Prices for food eaten away from home rose progres-
sively higher during the period compared to prices for all food (39,
The price increase for potatoes over time reflects the higher cost of
existing marketing services as well as improvements in marketing.
From 1930 w 1964, the cost of marketing services for potatoes rose
slightly more than 90 percent while that for all focod rose about 40 per-
cent,

RETAIL PRICES OF POTATOES
AND RELATED ITEMS

% OF 1957-59

1o Potatoes (fresh)d

All food
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Figure §

5/ Of interest is the comparison of starch content of rice with
that of potatoes, Tables of food values in the 1939 Yearbook of Agri-
culture (30, pp. 252-262) show that I cup of boiled rice (I serving)
containg 45 grams of carbohydrates (starch) while 1 medium- boiled
or baked potato (1 serving)containg only 21 grams.
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Takle 5.- Index nusbers of retall prices for potatoes
and related foods, 1950-64 1/

{1957-59-100)

; Potatoes ; Vegetables

: : + Ceregls
Year : . : H and

E Fresh f i:gﬁi; ; Fiesh fProcessedi ;:§§§g£s

H g/ : fries —/ : 2/ :

: Index } Index - Index * Index ; Index
1950 : T4 3/ 78 96 79
1951 : 81 3/ 91 107 86
1952 . 122 3/ 93 10k 88
1953 : 89 3/ 88 105 90
1954 : 86 3/ 85 104 92
1955  : 93 3 91 98 93
1956 @ 111 3/ ok 100 95
1957 : G 98 98 98 98
1958 1 103 103 101 101 100
1959 : 104 99 101 101 101
1960 ; 118 il 99 102 103
1961 10k 100 96 107 105
1962 : 105 96 106 106 108
1963 : 108 93 106 105 109
1964 : 133 92 110 106 110

1/ A1 data are calendar year estimates.

2/ Variety of potatoes, U. S. No. 1 grade, s0ld in
greatest volume within seascn.

;/ Data not collected prior to 1957.

4/ Estimated for 7 important vegetables. Potatoes,
sweetpotatoes, and melons excluded.

5/ Canned only.
Compiled from reports of the U. S. Bureau of Labor

Statistics [43] and from records of the U. S. Economic
Research Service.
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Table 6.--Farm, wholeeale, and retail prices and pricw spreads for potatoes, 1950-64 1/

Price per hundredweight-- Price spread per hundredweight--

: : : Ratio of
Year H B : : s : farm to
Wholesale Farm- Wholesale- Farm-

Farni _2_/ 3/ : Retail 4/ ! yholesale  retatl P retatl reteil prices

: Dol. Dol. Dol. Dol. Dol. Dol.
1950 : 1.77 3.36 4,29 1.59 0.93 2.52 0.41
1951 : 2.08 3.81 homi 1.73 .90 2.63 R

. 1952 : 3.79 5.76 7.06 1.97 1.30 3.27 .54

1953 : 1.85 3.66 5.09 1.81 1.43 3.24 .36
1954 : 1.78 3.54 4,98 1.76 144 3.20 .36
1955 ¢ 1.94 3.92 5.40 1.98 1.48 3.46 .36
1956 2.62 4.69 6.48 2.07 1.79 3:86 ko
1957 1.57 3.50 5.46 1.93 1.96 3.89 .29
1958 : 1.87 3.81 5.99 1.94 2,18 k.2 .31
1959 : 1.91 3.7L 6.05 1.80 2.34 Ly .32
1360 : 2.43 k.39 6.87 1.96 2.48 Iy .35
1961 : 1.63 2.72 6.02 1.08 3.31 k.39 27
1962 : 1.69 2.80 6.05 1.11 3.25 4.36 .28
1963 1.70 2.73 6.23 1.03 3.50 k.53 .27
1964 5/ 2.7 b.23 7.57 1.52 3.34 4.86 .36

l/ All prices and spreads are on a calendar year basis. 2/ Annusl average prices received by farmers for
potatoes on a farm product equivalent basis (adjustment at Tarm level for losses through shrinkege and spoilage
in marketing) equal to 10.42 pounds of potatoes at farm for every 10 pounds bought at retail. :,_/ Compiled from
reports of wholesale prices for Irish (white) potatoes delivered to New York and Chicago, weighted by respective
unloads in those cities. h/ Annual average of retall prices for potatoes in leading cities. Retail prices
previous to January 1955 are adjusted from quotations for 15 pounds of potatoes to quotations for a 1l0-pound
equivalent, based on relative prices for the two product weights for December 1954. (Factor of 0.6594 used as
ratio of price of 10 pounds to price of 15 pounds. ) _5] Preliminary. : :

Compiled from Ferm-Retail Spreads for Food Products, 1947-64 [57], and Wholesale Prices and Price Indexes [42].




The rise mn retail prices for fresh potatces during 1950-64 nearty
paralleled the rise in prices of other fresh vegetables (tzble 5}, The
approximately equivalent price increases for these products indicate
similar relative demand and supply conditions,

Table 5 shows that retail prices of frozen french fries remained
fairly stable from 1957 to 1964, but dropped off slightly in the last 3
years of the period. The negligible change in prices of processed po-
tato products was due in part to rechnological advances and cost efficien-
cies on the supply side,

From 1950 through 1963 the overall price index for cereal foods
rose at about the same rate as that for fresh potatoes (table 5). From
19535 to 1964, rhe rise in the index of prices for white bread was almost
equivalent o that for potatoes, while prices of wheat flour and rice rose
much more slowly,

Trends in Parm, Wholesale, and Retail Prices

Different trends in potato prices can be observed at various mar-
keting levels during 1950-64 (rable 6). Rerail prices increased sub-
stantiaily while wholesale prices showed a moderate decline. Farm
prices for potatoes showed lirtle trend apart from considerable year-
to-year {luctuations. Farm prices exceeded $2 per hundredweight dur-
ing 1951, 1932, 1936, 1960, and 1964,

The retail price of potatoes increased from $5.23 per hundred-
weight (32 cents per 10-lb. bag) in 1950-54 to $6.55 per hundredweight
in 1960-64, or 25 percent, For the same period, the pecentage increase
in the wholesale-retail price spread was substantially larger than the
percentage increase in retail price, By contrast, the farm-wholesale
price spread declined moderately, The increase in the wholesale-rertail
price spread for potatoes over the period had the effect of increasing
retail price by $1.19 per hundredweight, decreasing wholesale price
by $0.59, and decreasing farm price by $0.20 per hundredweight. Based
on these relationships, most of the increase in marketing spreads was
passed on {0 the consumer,

A USDA study (43, p. 22) indicated that rerailers do not always,
allocate marketing costs among different foods in the produce department
on the basis of cost to them. That is, retailers may be more concerned
with covering costs for the entire produce department, irrespective of
the “true’” individual marketing cost of any single item. The study in-
dicated that certain items, such as potatoes and sWeerpotatoes, frequently
refiect higher retail price spreads than other food items in the produce
department, In 13 to 20 stores studied, potatoes had higher retail spreads
in relation to their corresponding share of operating costs than 4 other
principal items.

Since farm prices for potatces during 1950-64 showed no sig-.
nificant trend, and both wholesale-rerail spread and retail prices in-
creased, there was a decline in the farmer’s share of the consumer's.
dollar (table 6}, From 1950-54 to 1960-64, the farmer’s share for
‘potatoes dropped from 42 percent to abour 30 percent. This decline of
about 12 percent in the share of the consumer’s dollar compares with
a decline of 8 percent for that of all food, Comparison of trends In the
farmer’s share between potatces and individual food items can be made
but probably 1 not too useful, because each food product shows vary-
ing trends in marketing services (37,
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Shepherd {37, pp. 62-63) has shown that the size and relative fix-
ity of the spread between farm and retail prices affects the elasticity
of demand for a commodity at the farm level. The wider the marketing
spread, the more inelastic is demand at the farm relative to demand
ar retail,

THE POTATC PROCESSING INDUSTRY
Growth in 1955-64

The outlook for demand for poratces was not encouraging up e
1955-64, Low-carbohydrate foods such as beef, broilers, leafy vege-
tables, and fruits were benefiting from a growing econcmy, while po-
tatoes were experiencing az continuing downtrend in per capita demand,
The desire for variery in the diet and other factors responsible for
changes in spending patterns, discussed in the section on Consumpticn
and Price Trends, resulted in consumption of fewer potatoes. Per
capita consumption was 198 pounds in 1910; it dropped to 132 pounds
in 1930, and te 106 pounds in 1930, Burt the rapid increase in use of
processed pofato products in the mid-1950’s halted the decline in per
capita potato consumption. In 1953-64, per capita usevaried from year
to year, holding within a range of 103 t¢ 112 pounds,

For the 1964 crop year, a total of 66.5 million hundredweight
of raw potatoes was utilized for processed food items. This was about
34 percent of all potawes used for food. Quantities used for ingividual
items were as follows (in millions of hundredweight): Potatc chips,
28.8; dehydrated, 10.8; frozen french fries, 20.5; other {rozen products,
3,2; canned potawees, 1,7; and other canned products {hash, stews,
soups), LS.

The rapid expansion in the potato processing industry since World
War 11 is one of the significant developments in the food field, For ex-
ample, preduction of potato chips has increased about fourfold. More-
over, 15 years ago, potato flakes were unbeard of and potate granules,
which preceded potato flakes, were still undergoing experiment. Today,
potato processing plants operate in most major producing areas of the
United States, and market more than 30 different potatc products.
According to the National Potaw Council, the retail value of processed
potato products in recent years has approached the rerail value of po-
wzatoes sold fresh (31),

Potatc processing today, in general, is characterized by a marked
improvement in the quality of existing products, and the rapid develop-
ment and successful introduction of a wide variety of new frozen and
dehydrated products. Many of the changes brought about in potato pro-
cessing have resulted from the combined effortsof research in industry
and Government.

Although potaio chip sales have surpassed sales of other processed
potato products during the past 20 years, a growing variety of processed
products has been made available on the market, Some idea of the variety
of products now available is given in wble 7, Frozen items are avail-
able in greatest number but the number and variety of dehydrared pro-
ducts is increasing rapidly. Of the frozen products, frozen french fries,
patties, and hash browns are found in almost every food market. Of the
dehydrated products, instant mashed {both flakes and granules), diced,
scalloped, and au gratin potatoes are available in almost all food stores.
Several preducts, such as frozen mashed, frozen whipped, and frozen
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Table T.--Classification of Processed Potato Products

Frozen Products

French fries (regular Roasted

and crinkle-cut) Cottage Tried
Patties Boiled
Shredded Pancakes
Hash brown Dumplings
Diced ¥nlshes
Mashed Blintzes
Whipped Firogen
Stuffed baked Hashed in creem
Rissole Soup
Au gratin Potatoes and peas
Delmonico in cresm sauce
Scalloped Dehydrofrozen
Dutch potato salad Diced
Small whole potatoes Mashed

Dehydrated Products

Instant mashed
Granules
Flakes

Diced for preparing hash hrowm
potatoes and general purposes dishes,
and for remanufacture in canmned
hash and stews.

S5lices )
Chiplets )}
Shreds )

Tor preparing salad, hash
brown, cassercle, and other
general-purposes dishes,

Scalloped
Au gratin

Salad mix
Pancake mix

Flour--for potato bread, doughnuts,

crackers, and other specialty baked
gocds and breading wmaterial.

Starch
Regular and chemically modified potato

starches for use in paper manufacture,
textile sizing, end food processing.

b

Potato Chip Products

Reguler and crinkle-sliced
Barbecue-flavored
Cheese-flavored
Smoke-flavored

Dip-chips

Bnack-chips

Shoestring potatoes

Prepeeled Products

For fresh delivery to
restaurant trade.

Whole potatoes
French fry cuts
0il-blanched
Hash Brown
Salad

Canned Products

Whole potatoes Chowder
Sliced Soup
Shoestring Pancekes
Hesh Streined
Stew (baby food)

Salad (American Au gratin
and German
style}

Experimental Products

Chip bars

Chip confections (candy-
flavored }

Sponge dehydrated

Puffs

Muts

"Instant" dehydrated

Dip sticks




Table 8.--Number and location of plants producing different processed
potato products, June 30, 1964 1/

West
Northwest :

Processed
product

Chips

2/
25

Frozen items

Dehydrated
Flakes
Granules
Diced

1/ Compilation reflects plant numbers as of 1963-64 crop year. Additional facilities have subse-
quently been constructed.

_2_/ Total for all West was T9 plants. No further breskdown is availsble.

;/ Includes one plant in Northwest producing both granules and flakes. Also includes 2 plants in
Northwest for which form of product is unknown.

Compiled from Irish Potatoes--Utilization of 1963 Crop With Comparisons, U. S. Department of
Agriculture, Statistical Reporting Service (Pot. 1-3), September 1963 55 ] and from records of the
U. S. Economic Research Service, and Consumer and Marketing Service.




french fried potatoes are commonly used in TV dinners, Specialty items
such as frozen knishes, blintzes, dumplings, and canned potato pancakes,
have had more limited distribution, Many experimental products, chiefly
potato chip bars, potato ““nuts,’” potato ‘‘ puffs,” and “‘dipsticks,” are
currently under development.

Treadway (40, pp. 12-13} has shown that not all of the research
on potato processing is concerned with the development of new products
and new processes. Substantial improvement in the quality and preperties
of well-established food products may in many cases increase sales
as much as development of an entirely new product,

Mercker {29, pp. 17-20) has stated that, on the basis of recent
experience, further growth in the potato processing industry is likely
o Dbe influenced by: (1) Quality improvement of exisilng forms, (2}
new product development, and (3) the anticipation of a growing economy
and increased consumer incomes.

Location of the Potato Processing Industry

Table 8 shows for 1963-64 the location of plants producing processed
potato products by geographic areas, as reported by the Statistical
Reporting Service and other USDA agencies. The table shows thar 338
plants in the United States were producing potato chips, Most of these
plants were located in areas of distribution, in part because of the limited
shelf life of the finished product

Also, table 8 shows that there were 91 plants producing frozen
products and 28 plants producing dehydrated products, Of the 28 plants,
the following nurmnbers were manufacturing the products specified: Flakes,
17 plants; granules, 3; diced, 5; flakes and granules, 1; and unclassified, 2.

In contrast to the chipping industry, processors of frozen and
dehydrated products tend o locate plants in arsas of concenirated
production where they are able to obtain ample supplies of potatces
of a desired quality. Most processors do some preseason contracting
to assure forthcoming supplies. Some of the larger firms grow at
least part of their supply, and some own or control storage facilities,

Relation Between Fresh and Processed Markets

Although fresh and processor buyers in a given area represent
two different markets, they are related in the sense that they depend
on the same grower groups for their supply of potatoes. The quantity
of potatoes going w each of the twe markets is determined chiefly by
the relative prices paid by buyers in the respective markets, including
contract negotiations.

Except for potatoes conditioned for chipping, growers presumably
swirch sales from fresh buyers to processor buyers, and conversely,
for a few cents per hundredweight, Volume of potarces channeled to each
outlet will adjust with changes in the relative prices offered.

A large share of the volume of potatoes going to processors is
under contract. Negotiarions generally begin at or before planting time,
The contract is for specific quantities of the raw product at a given
price. In general, the contract is for fieldrun potatoes, specifying that
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50 percent of the supplies shall be U.5, No. } grade, and providing pre-
miums or discounts for each 1 percent deviation from that grade. In
some instances the processor assumes responsibility once the potatoes
are placed in storage., In other cases, the grower bears responsibility
until time of delivery.

Some processors operate in both sectors of the market. These
firms ship preferred grades and sizes to the fresh market and process
the remainder, The decision of rhe processor to market fresh potatces
depends upon the spread between the wholesale price of the fresh item
relative to the prospective wholesale price for the processed product,
allowing for such considerations as variable handling costs and continuicy
of sales.

Processors have beenmore successful in penerraring the institutional
markei than the rerail market. About two-thirds of the annual supply of
frozen and dehydrated potato products moves to the restaurant and
institutional trade, where convenience and timesaving features of the
processed products are important considerations (30). Since these attri-
butes are becoming increasingly important to the housewife, a strong
potential is indicated for processed potatoes in the retail market

STATISTICAL MODELS AND ESTIMATION

In the pages that follow, foux statistical medels, consistent with
economic theory, are developed to explain the demandand price structure
for the potato industry, The four models representthe following seasonal
markets; Late summer and fall, winter and early spring, late spring,
and early summer, Both the singte-and multiple-equation approaches are
used to statistically estimate the coefficients in the economic relations
formalized in the models, The statistical analyses are based on data
for 1947-60, The statigtical relationshipsindicated by these analyses
are then used to make estimates of prices and consumption of the different
types of poratoes during the period of fit and to predict values of these
variables for 1961, 1962, and 1963.

Basic Assumptions

The economic and statisrical assumptions used in formulating
the economic relations are basic to the choice of the particular model
adopted and of the methed of statistical analysis used in quantifying
the model, Below is a discussion of the important assumptions (many
of which are based on preliminary analysis given in previous sectiong)
associated with the four basic models used in this study.

The basic assumptions used in the urilization model for the late
summer and fall crop are as follows:

(1} Production of late summer and fall potatoes is affected only
slightly by current prices. Production plans are made chiefly before
the planting season; therefore supply becemes fixed.

(2y Potatoes are not a homogeneous product; therefore, different

quality and size characteristics may lead ro diversion of certain poe-
tatoes 10 lower valued uses,
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{3) Allowance is not made for substitution effects between storage
(late summer and fall) potatoes and early potatces. During September-
December, only one type of potatoes (late summer and fald) appears in
the Nation's commercial markets, Competitive behavior and substitution
between starage potatces and early potaroes are analyzed in alrernative
studies, based on individual seasonal markets.

{4) Consumption of petatoces for food is not highly correlated with
production because varying quantities of potatoes are channeled into
nonfood uses, Changes in consumption in some seasons have been in
the opposite direction from changes in production.

{5} The margin berween retail prices and farm prices is affected
by changes in cost of marketing services.

(6} Relationships among the variables are linear in actal numbers,

This model permits the analyst to estimate the demand for po~
tatoes for food, for liveswock feed, and for starch. Also it enables one
to estimate farm price and retaii price for late summer and fall po—
tatoes.

The basic difference between the late summer and fall model
and the other three seasonal models is that in the former the emphasis
is on utilization of one crop while in the latter it is on competition
between seasonal crops. As a resul:r, the following modifications in
assumptions are needed for the early crops:

(1) These models do not develop separate demand funcrions for
nonfeod uses because of lack of adequate data, However, the demand
function used is essentially a derived demand for food as the data are
adjusted for nonfood uses.

(2) It is possible to measure competitive behavior and substi-
tution between storage potatoes and different types of early crop po-
tatoes.

(3 The total demand for a storable commodity in ary given peri-
od is the demand for ‘‘use’’ within that period plus the demand for
storage.

(4} Prices of early potatoes in one seasonal market are largely
independent of prices in another seasonal market. Moreover, the price
effects, if any, are carried over by the supply of storage potatoes
carried forward into the next seasonal marker,

The early-season models permis the analyst to estimate the demand
for food for the following types of poratces: Winter and early spring,
marketed during January-April; late spring, marketed during May-
June; early summer, late spring, and late summer, marketed during
July-August Also, estimates can be derived for farmn price for each
of these types of potatoes.

Fitting Procedures

From the single-and muitiple-equation approaches used o estimate
the coefficients, estimates of elasticities are computed.
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Fox (12, p.11} bas emphasized that for many agriculmural com-
meoditles, where consumption (or production) can be agsumed o be given,
estimates of price elasticity of demand can be made by use of the single-
equation least sguares method. He points out that in such cases price
has been used as the dependent variable in the demand equation. On the
other hand, when prices and consumption of potatoes are determined
jointly, as they may be within given seasonal potate markets, estimates
of the parameters in the structural demand equations must be derived
by a statistical method that allows for this simultaneity, For jointly
determined variables, estimates obiained by -the least squares technique
may not give unbiased estimates (see, for example, Haavelmo (16) and
Koopmans (23).)

However, it is not always clear which fitting procedure will
give **unbiased’ estimates of the coefficients, as the real world never
exactly fits into the statistical mold, For example, either the single-
or multiple-equations approach might be applicable for the late summer
and fall model. To the extent that geparate demands for food, feed,
and starch in the utilization model can be identified, and to the extent
that each demand competes with the other for the same total supply
of potatoes, then consumption in each outlet can be said to be jointly
determined. Under these circumsiances, consumpiion in one use is
affected by, and in turn affects, consumption in the other uses, In this
case, a statistical model must be used which allows for the simultaneicy
between the jointly determined consumption variables. The limited
information method and the method of two-stage teast sguares allows for
this interrelationship among the consumption variables. On the other’
hand, it can be argued that an order of priority exists in channeling
potatoes to different uses, with use for food (and seed) having the highest
priority, As a result, to a large extent the amounts used for siarch
and livestock feed, including quantities diverted under Government
programs, are determined only after food needs have been satisfied.
In this case, a single-equation method can be used to estimate the price-
consumption relationships.

So far, the concern has been whether the statistical method gives
unbiased estimates of the structural coefficiguts. However, a most
important test of a statistical model is its ability to predict or forecast
values of the economic variables. While our knowledge of adequacy of
method for estimating structural coefficients may be adequate, very
little is known about the relative merits of the different methods in
forecasting., For this reason, several methods were used in quantifying
the economic models so that the relarive merits of each could be tested,

As indicated by Koopmans (22), when the simultaneous approach
is used to handle equations that contain more than one endogenous
variable, it is necessary to establish conditions of identifiabiliry with
respect te given formulacions in a system of equartions, It is sometimes
impossible to estimate coefficients In certain structural equations with
the datz available. Such equations are said te lack identifiability and
are termed underidentified, Identifiable equations may be jusy identified
or overidentified. In the present analysis, all of the equations fitted by
the limited information method are overidentified.6/

6/ A rule of thumb or ‘“‘counting rule’” establishes the conditions
neceggary for identifiability. [T the number of variables in the system
(endogencus plus all predetermined variables, counted separately) minus
the number of variables in a parricular eguation is greater than the number
of endogenous variables in the system lessone, we have an overidentified
equationb Futher rules on identification are given in Friedman and Foote
(14, p. 29

ag



http:pverl,<'ol.entifieg.21

Results of the staristical analysie are given in equation form.
The regression coefficients represent changes in price or consumption
associated with given changes in income, prices of competing supplies,
and other variables. Direct and cross price elasticities of demand are
computed from theseregression coefficients so that comparisons car be
made between elasticities for different types of potatoes,

Wold and Jureen (65, pp. 28-42)have shown that, whether regression
equations are used for prediction or for causal analysis, iris known that
there will be deviations from the exact relation due to disturbance factors
not specified. Important variables may be omitted eirher because they
are not available or because their importance is not realized. There-
fore, we can expect nonindependence in the error terms. Thie non-
independence takes the form of autocorrelation. To test the effects of
nonindependence in the error terms the Durbin-Watson statistic is used
for all equations fitted by least squares.

Late Summer and Fall Model

The roral demand for late summer and fall poratoes is made up
of several individual demands. The most important for this crop are
the demands for (1} food, (2} livestock feed, and (3) starch manufacture.
The late summex and fall model formulates a set of economic relations
which takes into account these different demands or uses for potatoes,
These structural relations are firted statistically to measure the re-
ladlonship between consurmption in these three demand outlets and economic
factors affecting consumption, From the structural equations, price and
income elasticities of demand are computed for the food equation, and
price elasticities of demand are obtained for the nonfeod equavions. These
elasticities facilitate comparisons of the demand characteristics of the
three outlets. The modelzalso isdesighed 1o permit the analyst to estimate
prices for late summer and fall potatoes at the rerzil and farm levels,

Statistical Relations

Consistent with economic theory and the assumptions stated in the
preceding sections, five stwatistical relations are formulated, These
include separate demand relations for each demand outlet, a farm-retail
price relation, and a consumption~production identity,

Demand relations can be formulated at any marketing level-.farm,
wholesale, retail-~or some other intermediate level, However, as a rule,
demand relarions should be formulated at the marketing level at which
the key decisions regularing economic flows are made, Thismodel
assumes that the demand for potatoes consumed as food is generated
at the consumer level and that factors affecting the demand for food
stiould be identified as close 1o the consumer level as possible. Therefore,
the retail price of potatoces is used in rhe demand relation for use as
foed, On the other hand, the farm price for potawoes is closer o the
point of decisien-making for use in livestock feed, Thus, the economic
variables used in this relation are identified at the farm level, In the
case of usilization for starch, a price series at the manufacturing level
would be desirable, Bur such a series is not available, and consequently
the farm price is used.

Because of interest in estimating and forecasting the farm price
of patatoes and because food use is the principal determinant of price,
a farm-retail price relationship is formulated, In addition, an identiry
is needed to assure that total supplies of potatoes are exhausted.
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_Taking into account these general considerations, the following
relations pertaining to the demand and price structure for late summer
and fall potatoes are specified:

Demand for food

Ch=ap+ byPp+ oDy + €12%h_; * €130 * C1Ppy * G5

Demand for feed

r
Cf= ay+ bZlPi+ c21Pf5+ c22Du+ c23T+ Uy

Demand for starch

Cg=a3+byPp+ c3Cqy + 03D+ CaqT + ug

Farme-retail price reladonships

Pf = A4+ b41PI'+ 641M+ Uy

Cy +Cf+CS=Q-(Se+R) {3)

In these relations, the a's represent the constant term, the b's
represent structural coefficients associated with endogenous variables,
and the c's represent structural coefficients associated with prede-
termined variables, The u's represent random error terms and those
variables not identified or specified.

Variables

The economic variables that enter inte the structural model are
described below, All variables used in this analysis are expressed in
actual values. Data for price and income variablesare in constant 1947-49
dollars, All variables relate to the seasonzl period, August-April,
and for the years 1947-60, unless otherwise stated.

The following variables are assumed to ke endogenous or jointly
determined in this model: 7/

Ch - Apparent per capita consumption of late summer and tall poratoes
for food; pounds.

G = Fer capita use of late summer and fail potatoes for livestock
feed; pounds.

CS = Per capita use of late summer and f{all potatoes for starch;
pounds.

2/ Endogenous variables are thoge variables thatare jointly determined
by the system of equarions. Values of these variables are assumed to be
correlated with the unexplained residuals in the structural equation in
which they occur,
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P.. =Retail price of potatoes, August through April, as reported by the
Bureau of Labor Statistics, divided by BLS consumer price index,
August-April, 1947-49=100; cents per 10 pounds,

Py =Season average price received by farmers for late summer and
fall potatoes at point of first sale out of farmers’ hands, divided
by index numbers of wholesaie prices of all commodities, August-
April, 1947-49=100; dollars per hundredweight.

The following variables are assumed 1o be predetermined in this
model: 8§/

Cq =Apparent per capita consumption of late summer and fall
t-1 potatoes for food, lagged | year; pounds,

Cs =Percentage of all late summer and fall production processed
r into food products.

Py =Index numbers of price of feeder steers, Ocrober 1, divided
& by index numbers of wholesale prices of all commodities,

August-April, 1947-49:100.

Dy =Per capita consumer disposable income, Julty-June, divided
by BLS consumer price index, July-June, 1947-49 =100; dollars.

va =Index numbers of retail prices of processed vegetables,
August-April, divided by BLS consumer price index, August-
April, 1947-49=100.

Dy, =Dummy variable (0 in 1947-55 and 1 in 1956-60) for potatoes
used for food,

D, =Dummy variable (0 in 1947-55 and 1 in 1956-60) for potatoes
used for feed and starch.

M =Index numbers of cost of marketing late summer and fail
potatoces, divided by BLS index of wholesale prices of all
commodities, JTanuary-December, 1947-49=100,

T =Time trend; linear, 1947=1,

Q- (Se+R)yTotal supply of potatoes available for food, livestock feed
and starch,

Results of Statistical Analyses

The lare summer and fall model assumes thac the wotal supply of
potatoes ig channeled into the different uses on the basis of relative
prices. It further assumes that equivalent prices among the different
outlets must be maintained if equilibrium is ro exist at any given time,
Thus, prices and consumprion in each outlet are jointly determined.
Therefoie, to obtain unbiased coefficienis in the structural demand
relatiens, the stacdistical znalysis used to estimate these coefficients

8/ Predetermined variables consist of exogenous variables and lagged
values of endogenous varlables, Exogenous variakles are those variables
whose values are determined outsige the system of equations under
consideration,
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must allow for aimultaneity between the jointly determined quantities and
prices, The simultaneous equations approach allows for this joint determi-
nation. Thus, estimates of structural coefficients were obtained by
fitting the equations to actual data for 1947-60 by the limited informaton
method and the two-stage least squares method. The same equations
also were fitted by least squares. 9/ Resultsof these analyses are shown
below., Numbers in parentheses under the regression coefficients are the
respective standard errors,

Limired Information Estimatess 10

Consumption for foed

Cyp= 27.320 - 0.343 Pr+ u. 00037 Di+{}.586 Ch +0,143 P v 4.387 D, (&)
(0.138) (0.00404) ~ (0.219) t=1(0.213) L (3,830) .

+0.903 T
{0.883)

Consumpticn for livestock feed

Cr = 17.463- 2.385 Pf - 0,008 Pfs+ 1.418 DL: - 0430 T
{0.723) {0.014) {0.919 {0.125)}

Consumption for starch

CS = 16,698 - 4,251 P, - 0.665 Cfr+ 4.227D Y2019 T

(59N f (0.493) ° (L98D) ¥ (0.613)

Farm-to-retail price relationship

Pr= 29.445 ~ 0.236 P, - 0.149 M
(0.781) ~ (0.287)

9/ Several statistical methods were used to estimate the coefficients
in the respective equations, because insufficient empirical research has
been done to permit a priori judgment as to the best method of fitting
a model for estimating and ferecastingporato consumption and prices,

18/ In firring the equations, the time trend and dummy variables
were omifted from the Mgzz matrix for all the equations. It has been
shown that often, when a variable is only a crude approximagion of the
true behavior, as the time variable is for changing tastes and preferences,
and the dummy variable is for a change in structure, more consistent
results are obtained when these varlables are omirted from the Mzz
matrix, For further details regarding the handlingof particular variables
in the system, see Friedman and Foote {14, pp. €6, 70, 74), Hildreth and
Jarrett (2}, pp. 69-70} have shown that the methed of limited informa-
tion allows some predetermined variables to be dropped from the
mairixof predetermined variables for the entire system, provided suffi-
cient predetermined variables are used to provide identificatlon.
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m-gz_age_ least squares estimargss

Consumption for food

Cp = 23.991-0.398 P_+0,00213 Di +0.629 C +0.120 va+4.980 Du
(0.1673 T (0,04615) 1 {0.253) "t-1(0.244) (4.148)

+0.901 T
(1.008}

Congumption for livestock feed

Cgm 17.438 - 2.568 P - 0.009 Py, + 1.417 D' -04497T
(0.718) ©  (0.013)  (0.915) {0.124)

Consumption for starch

[
Cg=17.472-4.594 P - 0.615 Cg_ + 4.219Dy + 0.119 T
(L72ev T (0.422) (2.086)  (0.651)

Farme-retaii price relationship

Pf = 3.833 4+ 0,058 Pr - 0.046 M
{0.016) (0.012y

Least squares estlmates:

Consumption for food

Cp=30.970 - 0.193 P_ - 0.00437 Di + 0,470 C +0.205 P
(0.078) (G.03256) {0.166) t-1 {0.169}

+2778D 4+ 09107
(2,976) (0.714)

d = 2.624% R%=_72

Consumprion for livestock feed

Cr= 16,248 - 1,844 Pf - 0.014 Pf5+ 1.333D -0.398 T
{0.505) {0.013) {0.825) {0.10%)

d= 3,090* R2= .72

Consumption for starch

Cs= 12.069 - 2,202 I:’f - 0,963 Ct' +4274D +0,6787T

(L.038) © (0.393) 'r (1.655) © (0.473}
d=2962* R2= .74

*Inconclusive test for gerial correlation in the repiduals,
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Farmeto-remil price relationship

F = 4.400 + 0.057 P, - 0.031 M
(0.01D (0.010)

d=1.607 A R%= 88

4 No serial correlation in the residuals.

Utilization for seed, largely from the lare summer and fall crop,
Ehas been fairly constant over time. Since the variability in utilization
for seed is probably equal to or less than the error associated with
the data, it was not treated asa variable 1o be estimated in the statistical
models. However, an explorarory analysis was conducted for utilization
for seed to determine the major factors rthar affect this outler.1i/

The Durbin-Watson statistic (d) was used w rest for serial corre-
lation in the unexplained residuals. The presence of serial correlation
gtems from (1) the extent 1o which the residuals reflect errors in the
‘data and the extent 1 which they reflect omitted variables, and (2) the
nature of the omitted variablés. Another possible cause of serizal corre-
lation in the residuals is an incorrect specification of the form of the
relaticn{63), For equations (6b), (7b), and { 8b ), we cannot make any
exact statement as to presence of serial correlation since the degree
of correlation is In the inconclusive range of the test. For equation
(9b) the test indicates no serial correlation,

The analyses for consumption of late summer and fall potatoes
for food, livestock feed, and starch show that separate demands do
‘exist for each of the three utilizations. Satisfactory coefficients were
obtajned for the basic variables in the equations firted bythe simultane-
ous equations technique, indicating that consumption and prices for food
and nonfood were interrelated and jointly determined. However, reasenable
results also were obtained when the least squares method was used.

Higher values of the structural coefficients for rertail price in
the food equation andfor farm price in the nonfood equations were obtained
by the limited information and two-stage least squares methods than
by the least squares method. But they were not significantly different
in all three methods when the difference was judged in relation o the
standard error of the regression coefficients.

11/ The following equation for utilization for seed was fitted by least
squares 10 actual data for 1947-60;

Se= 11481+ LO62 B 4 0.569 B - 0031Y, +0l8T (LO)
(0.496)  (0.532) =1 (0.023) -1 (0,120

d = 1.440* R% = .70

where e
Apparent per capita utilization of late summer and fall
potatoes for seed; pounds,
Season average price received by farmers for late summer
and fall potaroes, divided by index numbers of wholesale
prices of all commodities, August-April, 1947-49; dol, /cwr

Py o1 » Pg lagged 1 year.

Yer-1 = Index of technological factors.

The price elasticity for utillzation for seed was found to be -0.19,
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Consumption for food

Retail price and consumption in the previous period were found
to be the important variables that measurably affect consumption of
late summer and fall potatces for fcod, Resulis for the food equation,
fitted by the limited information method, indicated that a I-cent change
in the retail price of late summer and fall potatoes was followed by 2
0.34-pound change in consumption in the opposite directiom, when all
-other factors were held constant. The least squares estimateof the
ceefficient of retail price was 0,19, Thus, a higher coefficient was cbrained
by the simultanecus equations method. A l-pound change in consumption
in the previous year was followed, on the average, by a 0,6-pound change
in the same direction in consumption in the current year.

The coefficient associated with price of processed vegetables,
Ppv had the right sign in all analyses but was found to be statistically
nonsignificant at an accepiable probability level. The effect of per capita
disposable income on consumption of late summer and fail potatoes was
positive but the relationship was siatistically nonsignificans, Results
from other regression analyses (not shown) algo indicate that the use of
disposable income as a demand shifter in time series analysis for the
postwar period has not been entirely satisfaciory, mostly because the
differing effects of the various income groups are partially offsetting.
Cross-~section data from the 1955 Food Consumption Survey {47} shows
that consumption of potatoes increases from the low income level to
the middle income level and declines from the middle income level o
the highest income level, That is, for each of the three income levels,
we find different consumer responses,

Time trend in the food equation showed a positive gign, For this
equation, however, time trend was not sratistcally significant at the

usually accepted probability level, Although no sratistically significant
trend was established for per capita use of all potawoes for food, signif-
icant and largely offserting trends in consumption of fresh potatoes and
processed potatoes can be observed from 1956, when Staristical Reporting
Service daa first became available, to 1964,

A dummy variable {0 and 1} was introduced into the food equation
ic determine whether any abrupt change in structure bhad occurred
because of the shift from {resh t0 processed use, which could not be
explained by the time variable, The coefficient for the dumnmy variable
was positive, but not statistically significant ar an acceptable probability
level. Consumption of processed potatoces apparently did not increase
more abruptly in any single year or group of vears than the counterpart
decrease in consumption of fresh--at least not enough so that the rate
of change was statistically differentinone subperiodfrom that in another.

Consumption for livestock {eed

Farmers traditionally have fed potatoes to livestock to urilize
low-grade potatoes withheld from food channels. The incentive to feed
potatoes stems from the relatively large quantity of nutrients obtained
per unit of expenditure, As a matter of interest, it has been demonstrated
that cattle fed low-grade potatoes do best when feeding of potatoes is
continucus {1).

Farm price of potatoes and time trend were the important variables
affecting the consumption for livestock feed in all three analyses. The
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coefficients for each of these variables were significant at the 3 percent
probability level. The feed eguation, fiuned by limited informarion,
indicated that a 2.6-pound change in per capira use of potatoes for
livestock feed was associated, inversely, with a $1 change in farm price,
assuming no change in the cther factors.

Normally, heavy. supplies of potatces at harvest tend (O bring
low prices for potatoes over the entire season in each individual use,
Bur as prices fall to low levels, relatively more potatoes are diverted
to nonfood uses than to food use. Because of the prohibitive cost of
rransporting low-grade potaroes, demand for potatoes for livestock
feed is important only in areas where numbers of livestock are rela-
tively high. Usually, low-grade potatoes utilized for livesiock feeding
which must be transported from one farm w another are valued at
slightly more than the cost of transporiation from point of sale to point
of destination.

The relationships indicate that a unit change in the index of price
of feeder steers, Ocwober 1, was on the average followed by a 0,01-
pound change in the opposite direction in per capita consumption of
potatoes for livestock feed, holding potato prices and other factors
constant. When the price of feeder steers is low around harvest rime,
and supplies of potawes are relatively large, more potatoes will be
fed to livestock t ger cheap gains. Potatoes will tend to be substituted
more for feed grains for livestock feeding when price of potatoes is
low relative 1w price of feed grains. Although the coefficient for price
of feeder steers does not differ from zero by a statistically significant
amount in any of the analyses, the relationships derived appear logical.

All methods of analyses indicated that 2 decyease in use of potatoes
for livestock feed had occurred. The greatestvolumeof poratoes diverted
w livestock feeding occurred during 1947-50, Le., early in the period
of analysis. Subsequently, during the period studied, in only 1 year {1936}
did diversion to this outlet equal the 1947-50 average. The regression
coefficients associated with the time factor for sach method of it were
statistically significant at the 5 percent probability level. The coefficient
for the dummy variable (statistically significant at the 10-20 percent
level) suggests that some change in structure occurred for consumption
for feed.

Consumption for starch

The coelfficients for the starch equation, fitred by limited informa-
tion, indicated that farm price of potatoes, volume of poratoes processed
for food, and changes in the utilization structure were the important
variables affecting use of potatoes for starch, For 1947-60, a 4.2-pound
per capita change in use of potatoes for starch was, on the average,
associated inversely with a $1 change in farm price. The response of
utilization for starch w price, in either absolute or percentage terms,
was somewhat greater than the comparable response of utilization for
feed. This would indicate rhat utilization for starch appears o be con-
siderably more variable than utilization for livestock feeding, following
changes in production, This may be due inpart to the institutional setting
of each of theseoutlets, Eventhough there are relatively few starch plants,
they operate in volume in the two principal producing States, Maine and
Idaho. When production is relatively large, these plants tend 10 operate at
capacity; and when production is down, starch operations are curtailed.
Feeding of potatoes takes place in more States, and feeding patierns tend
to be more continuous,
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Volume of potatoes processed for food, Cf,. , could be expected to
have some effect on use for starch because frequently field-run potatoes
are usedineachof these two urilizarions. The analysis showed that a 0,6 o
0.7-pound per capita change in the volume of potatoes processed for starch
was associated with a unit change in the opposite direction in the guantity
of potatoes processed for food. The coefficient for this variable was
statistically significant only in the least squares analysis.

The coefficient for the dummy (0-1} variable, which represents a
change In utilizarion structure, was significantly different from zzro at
the 10-percent probability level. The statistical results indicate that
utilization for starch was a little higher in the late 195¢'s comparedw
earlier vears.

Farm-retail price reladonships

Analysis was made of the relationship berween farm and retail
prices for late summer and fall potatoes during 1947-60. The equation
relating farm price to rerail price, fitted by the limited information
method, gave highly unsatisfactory coefficlents for the retail price and
marketing cost variables, When the equation was fitted by two-stage
least squares, the coefficients appeared reascnable and the signs obtained
were conhsistent with economic theory. This also was true ior the least
squares fit. The equation, as fitted by two-stage least squares, Indicared
that a change of 5.8 cents in farm price was associated directly, on the
average, with a change of 10 cents in retail price.

The reason that farm prices for potatoes change less in absolute
terms than retail prices is that farm prices are lower than retail prices
by the amount of the marketing spread. From the equation of price
relationships, fitted by two-stage least sguares, it was found thata
change of 5 cents per hundredweight in farm price of late summer and
fall potatoes was associated, inversely, with a change of 1 percentage
point in marketing costs. Thus, prices for potatoes at the farm level
are sensgitive to changes in marketing costs. This furnishes statisrical
evidence for the framework developed in an earlier section (see p. 32)
with respect 10 the decline in the {farmer’ s ghare of consumer expenditures
for potatces in the postwar period,

Demand Elasticities

Table 9 presents elasticities of demand with respect to price for
utilization of potawes for food, livestock feed, and starch. Alse shown
are elagriciries of demand with respect to income for utilization of
potatoes for food. Only the elasticities computed from the statistical
results of the limited information method and the least squares method
are shown. The results from the two-stage least squares method were
very close to those from the limited information method. Price and income
elasticities for poratoes for food arz at the retail level, Price elasti-
cities for potatoes utilized for livestock feed and starch are at the farm
level.

Demand elasticity for food

The estimate of elasticity of demand obtained by the simultaneous
approach for foed during 1947-60 was -0.2, That is, a 0.2 percent change
in per capita consumption was associated with a 1 percent change in
retail price, In the opposite direction, while holding income and other
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Table 9.- Late summer and fall potatoes: Estimates of price and income elasticities
based on single- and multiple-equation models, by type of
analysis, based on data for 1947-60 1/

Demand elasticity with respect to-- 2/
Price : Income

‘  gtanderd *  Standard
Value : error Value ' error

Percent Percent Percent Parcent

Limited information method: 3/ :
Consumption for food : -0.21 0.08 k/o.o7 0.70

Consumption for feed : - .51 b —— ——
Consumption for starch : -1.0x .38 e ———

Least squares method: 5/ :
Consumption for food : - .12 .05 L/-.07
Consumption for feed . : - .34 .10 T ee-
Consumption for starch : - .52 .26 ——-

<
.

,}/ Varisbles used in these analyses are described on pp. 116-123. ,

g/ Computed at the mean values of the economic variables for the period of analysis.

3/ Estimates using the limited information method are based on demand equations (6) through (8).

E/ Coefficient does not differ significantly from zero when tested at the 10 percent probability
level.

5/ Estimates using the least squares method are based on demand equations (6b) through (8v).




factors constant. A price elasticity of -0.2 indicates that late summer
and fall potatoes for food have a markedly inelastic demand, This com-
pares with a price elasticity of demand of -0.3, obtained by the limired
information method for the pre-World Warll period{analyses not shown).
When the food equation for 1947-60was fitted by the least squares method,
a price elasticity of -0,1 was obrained. The elasticity estimate of 0,2
obtained by the limited information fit probably is the best estimate
describing rhe demand structure for potatoes for food use.

Elasticity estimates may differ between various studies because
of inclusion or exclusion of ceriain factors. For example, somewhat
different results might be expected, depending on whether a time factor
and dummy variable are added to the equation or not. However, in the
present case, equations reqresenting the demand for food which excluded
time trend and the dummy variable gave price elasticities that were not
very different from those given by equations which included them {analyses
not shown). Time trend and the dummy variable, when included in the
food equation, increased the RZ from 62w .72,

To determine the importance of processed vegetables as a sub-
stitute for potatoes, this variable was included in the analysis. The
crose elasticity with respect 1 price of processed vegerables was found
© be 0.24 (not shown in table). The elasticity coefficient with respect
to price of processed vegetables is of approximately the same magnitude
as the elasticity coefficient for price of late summer and fail potaces.
This implies that processed vegetables could be a good substitute for
potatoes. However, the cross elastdcity coefficient is not significant at
an acceptable probability level, This confirms whar other researchers
have found with respect 10 food subsritutes for potatoes: Consumption-
price relationships are not starigtically significant with respect 1o
substitutability between potaroes and other food groups.

The income elasticity coefficient of 0,07 obtained for consumprion
of late summer and fall poiatoes does not differ significantly frem zero.
This means that changes in the overall average of income, for the perind
of analysis, appear 1o have little or no effect on consumption. In contrast,
the income elasticity coefficient compured from znalyses {not shown) for
1921-41 was 0,42, As mentioned previously, the use of average income
in time series analysis does not allow for differing consumer res-
ponses based on low, medium, and highincomes Also, it is hard to s€p-
arate, staiistically, the effects of income, price level, and rime trend
in the postwar period because of high intercorr=lation berween each of
these variables,

Demand elasticity for livestock feed

The estimate of elasticity of demand for livestock feed for 1947-60,
obtained by the limited information method, was -0.5. That is, a 0.5 per-
cent change in use for livestock feed was associated with a [ percent
change in farm price, in the opposite direction, holding all other factors
constant. This shows that the demand for late summer poratoes for
livestock teed is more elasric than demand for food use. This is logical,
because livestock feeders who make decisions with respect w feeding
potatoes or feed grains are relatively seasitive to price changes. In
addition, any Governmenr program that provides incentives for this use,
when prices are low, increases the elasticity of demand in this use.

In earlier years it appeared that poratoes for livestock feed hecame
more inelastic over time, For the pre~-World War il period, the elasticity
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of demand for poratoces for livestock feed, when the coefficients were
computed at the mean values of the economic variables, was -0,8. For
the last 5 years of thar period, 1937-41, a price elasticity coefficient
of -0.6 was computed. For the postwar period the elasticity of demand
for this use was fairly stable at -0.5. That is, the computed elasticity for
values of the variables during 1956-60 was not very different {rom the
computed elagticity for values of the variables for 1947-31. The indication
is that in the postwar period, production of potatoes has become highly
commercialized compared to that of the pre-World War II period. The
chief reason for the lesser response by carttle feeders in the postwar
period appears 10 be that fewer cattle are being fed on fewer butlarger
potate farms.

Demand Elasticity for Starch

The estimate of elasticity of demandfor starchfor late summer and
fall potatoes, obtained from the limired informartion fit, was -1.01. This
means that a 1,01 percent change in consumption for starch was assccia-
ted with a I percemt change in farm price in the opposite direction,
holding all other factors constant, Thus, it appears that demand for starch
manufacture is somewhat more elastic than demand for livestock feed.
The relatively higher price elasticity for starch manufacture suggests
that starch plants operate at less than capaciiy during periods of low
production and high potato prices, Conversely, starch plants tend to
operate at or near capacity during periods of high production and low
prices.

Winter and Early Spring Model

The competitive behavior and ease of substitution between winter
and early spring potatoes and storage potawoes during January-April
are statistically examined in this model, In addiden, as all storage po-
©otoes are not consumed during these months, the demand for storage,
i.e., the holding of potatoes for consumption in a later period, is also
measured. The general assumptions relating ro early-seascn models
were stated earlier, beginning on p. 38,

In the winter and early spring market, early potatoes, chiefly
from Florida and California, compete with storage poratoes from Idaho,
Maine, and the majority of the Northern Stares. The high perishability
of winter and early spring potatoes requires growers and shippers to
market them soon after harvest, Winter and early spring potatoes are
the first early poratoes to reach the marker Thus, consumers are lock-
ing for the “‘new’” potatoes, thereby creating a unique demand for these
potatoes. The amount of winter and early spring potatoes consumers will
buy depends on the price of these potatoes relative to the price of storage
potatces, Historically, prices for winter and early spring potatoes have
been higher than prices for storage potatces.

About 60 percent of fall {storage) potatoces are available for con-
sumption after January 1. Thus, these are the predominant potatoes con-
sumed during January-April, During 1947-60, average per capita con-
sumption of winter and early spring potaices in January-April was 4.2
pounds, while that of storage potatoes was 27.6 pounds.




Statistical Demand Relations

Consistent with economic theory and the assumptions stated in
the preceding sections, a set of relations is formulated which takes into
account the Interrelationships among demands for potatees in the winter
and early spring market, These relarions include (1} demand for winter
and early spring potatoes for food, (2) demand for storage potatces for
food during January-April, and (3) demand for fall petatoes for siorage,
1o be consumed in a later period.

The specific model which takes inro account the interactions among
the various demands is rvepresented by equations (I1) through (14);

Demand for winter and early spring potatoes for fcod

Psﬁ*’l"bllel'*blzﬁ’c1 * 0+ opMpec3T vy ab

Demand for storage potatoes for food

F’f1 =29 + by CfI + by, PSI +Cyp Dy Cog M+ €T+ u, (12}

Demand for storage (fall potatoes)

B¢ F 23 + by Pame+ €31 Cfry + €325 + g 13)
Identity
C; +5,+ R=5,-G, (14

In these relations the jointly determined or endogenous variables
are l'-'f + Py ,C;, and $.. The predetermined or exogenous variables
1 1 1

are Dy, ,M;, Qsl, Psmc’ Cfrl, Sj , and T, The a's represent the constant

term, the b’'s represent structural coefficients associated with endogencus
variables, and the ¢’s represent structural coefficients associated with
the predetermined variables, The u's represent randem error terms and
thoge variables not indentified or specified.

Equations (11} and {12} reprecent the demands for winter and early
spring potatoes and for storage potatoes, respectively. They incluj:le the
usual factors explaining shifts in demand, such as price of substitutes,
consumer income, and the time variable, In addition, they include a
marketing cost variable to allow for changes in marketing costs since
the farm price is used in this analysis. The use of this variable con-
ceptually shifts the retail demand funcrion to the farm level. A preferable
demand function would include a retail price, buta series on retail prices
for seasonal potato crops is not available,
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Equation (13} is the demand relation for storage stocks of poratﬁes
carried over to spring. It is hypothesized that the quantity stored at a
vartdcular point in time, say May 1, is determined by sustained changes
in menthly prices received by farmers, volume procesesed into food, and
initial stocks of potatoesonhandat the beginning of the storage period. 12/
During January-April, storage potatoes consured for food, dispesitlon
under Government programs, guantity of storage stocks on May 1, and
disappearance for miscellaneous use, shrinkage, and loss must egual
total etorage stocks of potatoes on January 1, This relation is given as
an identity in equation ({14).

Variables

All variables used in this model are expressed as actual values,
Data for the price and income variables are in constant 1947-49 dollars,
All variables relate to a seasonal period (January-April) except marketing
costs, which represent cost of marketing services for a calendar year.
Disposition under Government programs, Gf , did not occur in all in-
dividual years, 1947-60, and therefore was not treated as an endogenous
variable,

The variables assumed to be endogenous in this model are:

F..= Season average price received by farmers for winter andearly
spring potatoes, divided by BLS consumer priced index, January-
April, 1947-49x100; dollars per hundredweight,

Pf1= Simple average of monthly prices received by farmeis for fall
(storage)} potatoes, January-April, divided by BLS consumer price
index, 1947-49=100; dollars per hundredweight,

Cfl_ Apparent per capita consumption of fall {storage) potatoes for food,
January-April; pounds.

Estimated 'per capita quantity of fall potawes in storage, chiefly
for food, May 1; pounds.

The variables assumed to bhe predetermined in this model are:

= Apparent per capita consumption of winter and early spring po-~
tatoes; pounds,

Per capiia disposable income, lst quarter, divided by BLS consumer
price index, January-April, 1947-49 = 100; dollars.

Index numbers of cost of marketing potatoes, divided by BLS Index
of wholesale prices of all commeodities, January-December, 1947
49=100.

Pemd SuStai.ned monthly price change for potatoes at the farm level, in
cne direction only, November-April, divided by BLS index of whole-
sale prices of all commodities, November-April, 1947-49= 100;
cents per hund-edweight.

12/ Further discussion on demand for storage and the underlying
assumptions is given in the appendix on pp. 104,
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C Cpp = Percerirage of total foed utilizatior of potaroes processed into food

1 products.

G = Per capita disposition under Government programs of fall (storage)}

potatoes.

Sj = Estimated per capita storage stocks of fall potatoes, Januazy 1;
pounds.

R = Per capita disappearance of potatoes for migcellaneous uses,

shrinkage and loss, January-April.

T = Time trend; 1947=1,

Results of Statistical Analyses

Estimates of the structural coefficients in the demand relaticns
{11) and (12} were obtained by the limited informarion, two-stage least
squares, and ordinary least squares methods, The period of analysis
was 1947-60, and the analyses were run with data in arithmetic terms.
The storage demand relation (13) was fitted by least squares only as:
it contained only one endogenous variable. The resulss of these analyses
are presented below. Numbers in parentheses are the standard errors of
the respective regression coefficients.

Limited information eatimatess

Demand for winter and early spring potatoes for food’

Py =3.088-0.017Q_ +1120F 4 000054 D - 0.030M « 00T (15)
L (0.206) °1 (9,381) *1 (0.0005%) * (0.054) 1 (0.169)

Demand for fall {gtorage} potatoes for food

P, =18.743 - 0.339 G +0.582 F"a - 0.00402 D, - 0,046 M+ 0,178 T (16)
i (0.170y "1 (0.274) 1 (0.00554) (0.048) (0.162)

Two stage leasr 5guares estimates:

Demand for winter and eariy spring potatces for food

P, = 4.800 - 0.068 G, + 0.857 g -0.,00117 D; - 0,018 M;+0.033T (l5a}
1 (0.174) "1 (0.294) "1 (0,00151) = (0.046) (0,143}

Demand for fall {storage) potatoes for food

pf = 14.584 - 0.273 cr + 0,636 PS - 0.00336 D, - 0.031 MI+ 0,142 T (16a)
I (0.121) "I (0.215) T1 (0.00443) © (0.036) {0.126)
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Least squares estimates:

Demand for winter and early spring poraroes for food

= 6,022 - 0.105 Qg + 0.669 B -000239D0 - 0.010 M, + 0.047 T (15p)

®1 (0.164) 1 (0.231) 1 (0,00551)  (0.043) = (0,138)

d= 1,612% RZ= .76

Demand for fall {storage) potatoes for food

I? = 9.351-0.188C_ + 0,698 PS -~ 0.00257 D - 0.0E3 M _+ 0,096 T (16n)
1 (0.033) "1 (0,156) 1 (0.00369) (0,023 (0.0%6)

d= 2.191 4 rZ- g8

Demand for storage (fall potatoes)

S.= =10.867 - 0.020 P, + 0,261 C + 0,281 5:

t (0.008) "¢ (0.085) Tl (0.115)°

d= 2274 A

* Inconcluaive test for serial correlation in the residuals.
ANo serial correlation in the residualg,

The Buchin-Watsonstatistic (d) tests the unexplained residuals
from an equation fitted by least squares to see if successive values--
the residual this year compared with the residual last year--are cor-
related. For equations {16b) and (17) cthe test showsthat no serial cor-
relation exists in the residuals. For equarion (13b), the test is incon-
clusive,

The results from the three methods of fit indicare that winter and
early spring potatoes are in direct corpetition with storage potatoes in
the winter and early spring marker. With the exception of the coefficient
"associated with supplies of winter and early spring potatoes (Qgy) in
equation (13), the price and quantity variables are statistically signifi-
cant at the 10 percent probability level inail analyses. Also, for equation
(15) the simple correlation coefficient, ~0.64, between quantity {Qg)) and
price { Pgp of winter and early spring potatoes {analysis not shown},
was significanr, But, as indicated, supplies of winter and early spring
patatoes had no significanteffect on price when the effect of all variables
in the model are considered. It may be that the effect of own supplies
(gtb commodity} is masked and hard to identify because consumption
of winter and early spring potatoes (it commodity} makes up only abour
one-seventh of toral per capita consumpiion during January-April,
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The relationships indicated that a l—ﬁouhd change in per capita
consumption of storage potatces (January-April) was followed, on the
average, by a 34-cent change in own price in the opposite direction,
The coefficient for consumprtion of storage potatces was significant at
the 10 percent probability level. Since storage potatoes dominate the
winter and early spring market, the relationships berween price and
consumption were close, as expected.

. The analyses indicated a positive relationship between consumer
income ana pricg of winrer and early spring potatoes. This would indicate
that_ housewives tend 1o purchase more winter and early spring potatoes
as income increases, and this in twrn tends o increase the price. The
coefficient for income, however, was not statistically significanc ar an
acceptable probability level.

For siorage poatoes, results obrained by the limited informartion
method indicated a negative relationship berween consumer income and
own price. However, the coefficient was not significant at the 10 percent
probability level. The high intercorrelation between the independent
variables in the equation may have reduced the significance of the income
coefficient. As shown by Fox and Cooney (13), high intercerrelation be-
tween independent variables may mean lower reliabiliry for individual
regression coefficients and may even result in a change of sign in a
regression coefficienc

The rrend coefficients in equarions (13), (15a), and {15b) suggest
thar there has been lirtle ner trend in the price of winter and early spring
potatoes. The trend coefficients for pricé of storage potatoes (January-
April} were generally larger than their srandard errors in all of the
analyses and showed 2 positive trend. However, none of the trend coef-
ficients were statistically significant at an acceptable probability level.
Since rhere appears to be no statistically significant net trend in prices
or in consumprion of winter and early spring potatces, one can conclude
that during 1947-60, January-April, demand for this seasonal type of
potatoes was essentially stable,

In the storage relation, sustained monthly price changes had a
significant effect on quantity of potatoes held in storage May 1 (S¢)
The relationship indicated that sworers rended ito sell after an extended
price increase and tended to held after an extended price decline, During
1947-60, a change of 0.20 pound per capita in May 1 storage stocks was
associated inversely with a sustained month-to-month change of 1 cent
in price of storage potatoes (November-April). The coefficientfor sustain-
ed month-to-month change in prices was statisticzlly significanrt ar the
S5-percent probability level. The other explanatory variables, i,e., volume
of processing, Cfr1 , and storage stocks on January l,S;, also were
significant at the 5 percent probability level. As volume of processing
increased, quantity of potatoes held in storage on May 1 increased. This
was expected since efficient plant operations require sufficient storage
supplies to continue processing through spring, Though marketings of
storage potatoes in all years studied were heavy during January-April,
sustained price changes had the effect of speeding up or slowing down
ocut~-of-storage movement.

Demand Elasticities

The relationships discussed in the previous section describe the
structure of the winter and early spring market in terms of unit changes
in price, consumption, and other variables. The discussion that follows
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Table 10.- Ccensumption and storage relationships for potatoces (January-April): Estimates of »
price and income elasticities based on single- and multiple-equation models
by type of analysis, based on data for 1947-60 1/

Price elasticities 2/ " Income elasticities 2/

Analysis and type : Direct : Cross
of potatoes H

. : : : : Standard
. Standard . Standard ! Value
erroxr : Value : error : . error

Fet. _EEEL Pct. Pect. Pet. : Pet.

Value

Limited informstion method: 3/ :
Winter and early spring : ﬁ/—2.63 3.19 2.07 . 4/0.32 0.38
Storage (marketed for food) - .21 .10 17 L/-.34 .51

Least squares method: 5/ :
Winter and early spring : bf-b.26 6.65 1.99 -
Storage (marketed for food) : - .37 .10 .38 67
In storage, May 1 T =56 .22 - -———

l/ Variables used in these analyses are described on pp. 119-120,

g/ Computed at the mesn values of the economic variables for the period of analysis.

3/ Estimates obtained by the limited information method are based on demand equations (15) and (16).

E/ Coefficient does not differ significantly from zero when tested at the 10 percent probability
level.

5/ Estimates obtained by the least squares method are based on demand equations (15b), (16b), and
(17).




centers on elasticity measures designed o L .cate the degree of competi-
tion and substitution between winter and early spring potatoes and storage
potatces. Elasricities were computed only for the analyses fitted by
limited information and least squares methods, As can be seen from the
coefficients in the equations, elasticities computed from the two-stage
least squares estimates would be fairly close 1o those obtained from the
limited information estimates.

Price elagticities

Estimares of price elasticities of demand were obitained for winter
and early spring potatoes, storage petatoes marketed in January-April,
and May 1 storage stwocks (table 10), The elasticity coefficient obtained
by the limited informartion fit of equation {15) indicates that a 1 percent
change in price of winter and early spring potatwes was followed by a
2.6 percent change in coasumption, in the opposite direction, holding
ircome and other f{actors constant. Based on the least squares merthod
of fir, the elasticity was -4.3, The results point 1o an elastic demand for
winter and early spring potatoes.

The crosselasticity obtained by the limited informarion approach was
2.0 for winter and early spring poratces with respect o the price of
storage potatoes. The values for direcr and cross price elasticities, 2.6
and 2.0, respectively, for winter and early spring poratces indicated
that a general case of substirurability exisied between the two types of
potatces, But the apparent difference in the two elasticity measures sug-
gests thathousewives regard winter and early spring potatoes and storage
potatoes as differentiated products. Consumer preferences for cerrain
types of potatces in the winter and early spring market result in price
differentials between them, 13/

For swrage potatoes (January-Aprii) the esrimate of direct elas-
ticity, based on the limited informartion method, was -0,2. This elasticity
coefficient is equivalent o the elasticizy coefficient of -0.2 obrained for
late summer and fall potatoes for the entire seagon, Accordingly, storage
potatoes during January-April are assumed to be markedly inelastic. This
result agrees with preliminary analyses which showed thar storage
potatoes heavily dominate supplies during this season.

The cross elasticity obrained by the limited information method
was 0.2 for storsge potatoes with respect 1o the price of winter and early
spring po:iil.2s, which also is inelastic, The crosselasricites for winter
and early spring potatoes and storage powioes (January-April}, 2.0 and
0.2, respectively, were significantly different. However, probably not oo
much importance should be attached w the differences in these cross
zlasticities since the levels of the guantity series differ significantly,

Price elasticity of demand for siorage stocks was found to be -0.6.
Thar is, a 1 percent change in the price of storage potawes was followed
by a 0.6 percent change in storage stocks, in the opposite direction, all
other factors held constant. Thus, the percentage change in storage

13/ Average wholesale price, January through April, 1960-64, on the
New York wholesale market was $6.06 per hundredweight for Florida
potawces and 56.28 per hundredweight for California winter potawes,
comparad with $3.42 per hundredweight for storage potatoes for the same
period,
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holdings was less than the percentage change in price, which implies
that demand for storage is inelastic, As a result, toial inventory value
of storage stocks declines as price falls.

Income Elasticities

Estimates of income elasticity based on the limited information
merhod suggested that a 1 percent change in consumer disposable income
was followed by a 0.3 percentchange in the same direction in consumprion
of winter and early spring potatoes, helding all other factors constant,
This resultappears o confirm the belief that, as incomes rise, housewives
tend r¢ buy more winter and early spring potatoes,

The estimate of income elasricity based on the limited information
method suggesred thar a 1 percent change in consumer disposable income
was followed by a 0.3 percent change in the opposite direction in consump-
tion of storage potatoes, January-April. This income coefficientcompares
with a zero income elasticity coefficient obrained for late summer and
fall porawes over the entire marketing season. However, the coefficient
was not statisrically significant ar an acceprable probability level, As
mentioned previously, the use of average income in time series analysis
to explain changes in price or consumyption of poraroes is not very mean-
ingful, Cross-section analysisshowsthat consumer responses differ with
different levels of income.

Late Spring Model

In the late spring market, early California poratoes and potatoes
from the Southeastern States compete with storage poraroes chiefly from
Maine and Idaho. By this time of year, supplies of storage poratoes have
dwindled and the dominant potratoes for the Unived Sidtes as a whole are
late spring potaioes. Average per capira consumption of late spring
potatoes during late spring for 1947-60 was about 13.5 pounds per
person, and of swrage poratoes (May-June), abour 4 pounds per person,
Improved storage facilities for fall potatoces and other technological
improvements have resulted in increased lare season use of storage
potatoes. In 1958-60, per capiita consumption of storage potaroes (May-
June} was 3.0 pounds, an increase of 1.9 pounds from the levels of
1951-53. During this same pericd, per capita consumption of late spring
potatees declined 1.4 pounds to an average of 14.0 pounds in 1958-60,
These consumption figures are averages for the United Srates as a
whole; the relartive importance of supplies of late spring potatoes and
sorage potatoes depends on the location of the markec. For example, in
many Northern and Eastern cities, siorage poratoes are still the dominant
type of poratoes in late spring.

Structural Demand Relations

The theory of individual consumer demand for two ¢losely compering
commaodities specifies that the quantities consumedofeachdepend on its
own price, the price of competing commaodities, and other common factors
such as income and tagtes.

To illustrate, the quantity of late spring potatoes Or storage potatoes
consumed {May-June) depends upen price of late spring potatoes, price of
storage potaroes, consumer income, and other factors, Furthermore, the
theory specifies that the individual demands may be summed to equal toral
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demand for potatoes inthe late spring market, For example, the aggregarte
demand relarions may be written as follows:

Demand for late spring potatces

Qs KPs, . B, u Dy, My, T, up (18

Demand for gtorage potatoes (May=June)

T, ugy) {1%y

Qf2= f(PSZ, sz, D2' MZ’

where Qgg represents consumption of late spring potatoes; Q¢4 the con-
sumption of storage potatoes;Pgy, the farm price for lare spring potaroes;
Prg, thefarm price for storage potatoes; D, disposable income; Mo, mar-
keting costs; and T, the time variabie, %‘he W's represent random dig-
turbances due to unspecified influences. The marketing cost variable is
included in the demand relation when rerail prices are not availabie, as in
this case., As in the otheranalyses, the time variable is used to represent
gradual changes in tastes over time.

Results of Statistical Analyses

In the late spring marke:, the supply of potatoes {from the lawe
spring crop and from storage) available for consumption in any given
year is fixed. Thus, prices of potaioes in any given-year in this marker,
after allowing for other factors such as consumer income, are deter-
mined by the volume of potatces markered, Furthermore, prices of
late spring and fall poraioes are jointly determined as they both are
affected by the same supplies of potatoes. Therefore, any statistical
method used to quantify the coefficients in the strucmiral demand re-
lations {18} and (19) must rake intc account the joint determination of
the prices of late spring and prices of storage polatoes {(May-June). As
both of these equations are just identified, the reduced-form method of
fitring structural equations can be used.14/ The reduced-form equations
corresponding to the struciural demand relations (18} and (1%9) are as
follows:

Py ,” Qe Q- Dy My T (20

B =Q Q. .0, ,M,Tu) {21)
fy 3, Cf, 22 4’

14/ The method consists of three steps: (1) The structural equations
are algebraically transformed into reduced-form equations so that each
endogenous variable is expressed as a funcrion of all predetermined
variables, (2} the reduced-form equations are fimed by least squares,
and (3} the regression results are then algebraically transformed back
into the original strucruralequations. Meinken, Rojko and King (28, p. 734)
show the algebraic relationships between the coefficients in the structural
and reduced-form equations.
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In this form, Pgy and Pfys are the endogenous variables, each
expressed as a function of all the predetermined variables, Equations
in this form are frequently called price-estimating equations to dis-
tinguish them from the strucrural demand equations., Sometimes they
are called demand equations as they are concerned with factors affecting
the demand and price structure,

As equations {20} and (21} each have only one endogenous variable,
they may be fitted by least squares. This was done using actual data for
1947-60, Dara for the price and Income variables are in constant 1947-49
dollars. All variables relate to May--June, except marketing costs, which
represents cost of marketing services for a calendar year. In this model,
the index of wholesale prices of all commodirties was faken to represent
index of marketing cosis. The statistical results are presented in equa-
tions {22) and (23), Numbers in parentheses under the coefficients are the
respective standard errors.

Late spring poratoes

P = 10.332-0464Q - 0.362Q, +0.00427 D - 0.043 M
2 (0.060) 2 (0.056) 2 (0.00326)  (0.025)

-0.101T
(0,092

d= 3,238% RZ2:- .92

Storage potatoes {(May=June)

; =10.521 - 0.301Q_ - 0.518 Q  + 0.00337 D, - 0.056 M
2 0,124y "2 (0.116) 2 (0D.00673) ~ (0.051)

=003 T
(0.150)

= 2.765* RZ= 78

*Inconclusive test for serial correlation in the residuals,

Variables

The variables for this model are defined as follows:

Pg ,~ Season average price received by farmers for late spring po-
tatoes divided by BLS consumer price index, May-June, 1947-49=100;
dollars per hundredweight.

szz Season average price received by farmers for storage potatoes,
May-June, divided by BLS consumer price index, May-June, 1947-
49=100; dollars per hundredweight. :
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Qs PE Apparent per capita consumption of late spring potatoes; pounds.
Qf2= Apparent per capita consumption of storage porawes {(May-June)
for food; pounds.

Dy = Per capita disposable income, 2nd quarter, divided by BLS con-
sumer price index, 1947-49=100; dollars.

M 2 = Index numbers of wholesale prices of all commodities; 1947-49 =100,
T = Time trend; 1947=1.

The DPurbin-Watson statistic (d) rests the unexplained residuals
from an equation fitted by least squares to see if successive values are
serially correlared. For the two equations in this analysis the test was
inconclusive,

Results of the analysis show that late spring potatoes do compete
with storage potatoes in the late spring market. All of the price-quantity
coefficients in equations (22) and {23) were statistically significant at
the 3 percent probability level. The relatively high values of the coef-
ficienrs of muliple determination for the equations in this model in-
dicated that the exogenous variables iended o explain a large portion
of the variation in farm prices of lafe spring poratoes and storage po-
tatoes (May-June),

Price-consumption relationships in equation (22 indicated that a
i-pound change in per capita consumption of late spring potatoes was,
on the average, followed by a change in farm price of 46 cents per
hundredweight in the opposite direction, ail other factors held constant

Relationships iIn the same equation indicated that a l-pound change
in per capita consumption of siorage potaices {May-June} was, on the
average, followed by a change in farm price for late spring potatoes of
36 cents per hundredweight in the opposite directon. Thus, the rela-
tively large influence of competing supplies on the price of late spring
potatoes indicares that fairly close competition exists between these two
types of potatoes, Each is identified with the same economic marker
However, price of lawe spring potatoes is affecred substantially more
by supply of those poiaioes than by competing supplies, This indicates
that consumers recognize these as two different types of potatoes. Fur-
thermore, each type of potatces sells at different prices, 13/

The coefficients of the variables in each equation reflecting the
influence of consumer income and markering costs on prices of late
potatoes and storage potawoes were similar, The coefficients for time
trend were different. The criterion for idenrtification of an economic
market, e.g., late spring marker, assumes that external influences, such
ag disposable income, marketing costs, and time trand, affect the demand
structure of two seasonal types of potatoes similarly,

15/ Average wholesale prices for May-June, 1960-64, on the New York
whelegale market were $3.82 per hundredweight for Western Long White
potaroes, compared to $3.72 per hundredweight for stworage potatoes.
About the same relative difference existed for retail prices per hundred-
weight on the New York rewil market between Western Long White
potatoes and storage potatoes for the same period.
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The negative wrend coefficients, -0.10 and -0,04 respectively for
the late epring and storage potato eguations, indicate a decline in deflated
prices over time. The standard errors, however, are large. Per capita
congumpticn of late spring potatces dropped slightly but actual (undeflated)
prices of late spring potatoes showed no significant trend. This indicates
no major change in overall demand, However, itis likely that demanc for
late spring potatoes for different uses, i.e., processing or fresh market,
has changed in the various areas,

Demand Elasticities

Table 11 presents price and income elasticities applicable to the
late spring marker. These elasticities were computed from coefficients
in demand equations (not shown) similar to equations (18} and {19}, The
coefficients in the demand equations are derived algebraically from
regression equations (22) and (23).

Price elasticities

Table 1l indicates that a 1 percent change in price of late spring
potatces was followed, on the average, bya 0.6 percent change in consump-
tien, in the opposite direction, holding income andother factors constant.
The results point 10 a moderately inelastic demand for late spring po-
tatoes. The cross elasticity for late spring potatoes with respect to price
of storage potatces was 0.4,

The values for direct and cross price elastcites for late spring
potatoes, -0.6 and 0.4 respectively, indicate that substitutability exists
between the two types of potaroes. But the apparent difference between
the two values shows that consumers make a distinction between late
spring potawes and storage potaroes.

The cress elasticities for late spring porawes and storage po-
tatoes, 0.4 and 1.3, were significantdy differsnr. However, probably not
too much importance should be attached o the differences in these cross
elasticities since the levels of the quantity series differ pignificantly,

The direct elasticity, -1.9, shown for storage potatoes (May-
June} appears considerably higher than the direct elasticity of -0.2,
obtained from the food equation in the late summer and fal! model,
Anumber of plausikle explanations can be made. For example, the
direct and cross price elasricities obrained from the late spring model
indicate that a substantial degree of substitutability exisis between
late spring potatoes and storage potatoes, Where substitution in demand
is relatively great, the indications point 1o an elastic demand. On the
other hand, the high direct elasticity for storage potatoes {May-June)
may be more apparent than real. The substantial difference in direct
elasticities obrained berween storage potatoes in May-June and storage
potatoes in all seasons may be simply due to arithmetic--a relarively
small consumption rate in May-June, as against a relatively large
consumuption rate for the whole year,

Early Summer Model

Ag with the ather early-seasan models, the objective is to measure
the substitution effects between the dominant and other seasonzl types of
potatoes marketed in the early summer marker (July-August,
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Table 1l.- Consumption relationships for potatoes (May-June): Estimates of price and
income elasticities of demand, based on data for 1947-60 1/

Price elasticities 2/ : Income elasticitiesg{

Analysis and type Direct : Cross : :

of -potatoes Va1 | standard | ‘ Standard | vValue S::r"g?rd
ue . error : ue . error 3 °

Pet. Pet. Pet. Pet. Pet. ‘Pet.
Reduced-form mathod: ;/

Late spring 4/ : ~0.59 0.08 0.06 5/0.38 0.29

Storage (marketed for food) 6/ : -1.88 - A .54 5/ .48 .9k

l/ Variables used in this analysis are described on p. 121.

g/ Computed at the mean values of -the economic variables for the period of analysis.

3/ Equations (18) and (19) are just identified and thus were fitted by the reduced-form method.

E/ Coefficients are algebraically derived from reduced-form equation (22) fitted by least squares.

2/ Coefficient does not differ significantly from zero when tested at the 10 percent probability
level.

6/ Coefficients are algebraically derived from reduced-form equation (23) fitted by least
squares.




In this market, early summer potatoes compete for food use with
late-maturing late spring potatoes and early-maturing late summer
potatoes. Specifically, early summer potatoes, chiefly from the Virginia
Eastern Shore, California, Delaware, and Texas, compete with {1}
late spring potatoes from California, Arizona, Alabama, and North
SCarolina, and (2) late summer potatoes from a majority of the Northern
tates.

During 1947-60, about half of all potatces entering the early summer
market were early summer potatces; 2bout 15 percent were late spring
potatoes; and 33 percent were late summer potatoes. Annual consumption
of potatoes per person in the early summer market during this same
period averaged 8.6 pounds for early summer potatoes, 2.8 pounds for
late spring potatoes, and 6,3 pounds for late summer potatoes, The
interrelationships among own prices, own quantties, and prices of
competing potatoes for early summer, late spring, and late summer
potatoes are examined in this model, Maturity and timing of shipments
of late spring and late surmmer potaioes vary from one year tc the next,
and have marked influences on consumption angd pricesof the in-berween,
early summer crop.

Structurgl Demand Relations
Substitution znd competitive behavior among the three types of

potatoes in the early summer marker are taken into account in eguations
{24} through {26)%

Demand for early summer potatoes

{24)

P =al+ blle3 + b12P32(s} + b13P18+ (:“D3 + cleS + CIST

53
+ul

Demand for late spring potatoes in early summer

psz{s)g 32 +b21 Qs.2 + b22Psa+ Czl D3+ C22M3+ C23T + L|2

Demand for late summer potatoes in early summer

Pls-.\-..as+ b31Q15+ b32933+ c31D3+ C32M3 + C33T + Ug (26)

In these relations the endogenous variables are Pgg, Psotsys Pig,
and the predetermined variables areQgj »Qss » Qlge D3, M3, andsl“.
Variables

All variables used in this analysis are expressed in actual values,
Data for the price'and income variables are in constant 1947-49 doliars.




All variables relate to a seasonal period (July-August) except marketing
costs, which represenis a calendar year. The descriptionof the variables
follows:

Pgz™Season average price received by farmers for early summer
poratces, divided by BLS consumer price index, July-August,
1947-49=100; dollars per hundredweight.

Pgs = Average price received by farmers for late spring potatoes,

July-August, divided by BLS consumer price index, July-
August; 1947-49=100; dollars per hundredweight,

2(s)

P); = Average price received by farmers for late summer potatoes,
July-August, divided by BLS consumer price index, July-August,
1947-49=100; dollars per hundredweighr,

Qga= Apparent per capitz consumption of early summer potatoes for
food; pounds.

Qgqo= Apparent per capita consumption of late spring potatoes for food;
pounds.

Q1= Apparent per capita consumption of lare summer potatoes for
food; pounds,

D3 = Per capita disposable Income, 3rd quarter, divided by BLS
consumer price index, July-August, 1947-49<5100; dotlars.

M3 =Index numbers of cost of marketing potatoes, divided by BLS
index of wholesale prices of all commodiries, January-December;
1947.49z100,

T = Time trend; 1947,
Resulis of Statistical Analyses

Estimates of coefficients in relations (24) through (26) were
obtained by the limited informarion, two-stage least squares, and ordinary
least squares methods. The analyses were baged on actual data in
arithmetic terms for 1947-60. As In other seasonal marketg, farm price
was used as the dependent variable in all demand relations, since rerail
price by type of potatoes wasnotavailablie. Numbers in parentheses under
the coefficients are the respective standard errors,

Limited information estimates:

Demand for early summer potatoes ,

Pga™ -2.139 - 0,107 Qgg+ 0.639 PSZ(S) + 0,501 P15+ 0.00339 D:_3 (27)
(0.059) (0.204) (0.393) (0.00190)

-0,010 M3 - 00101 T
(0.023) (0.056)
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Demand for late spring potatoes in early summer

Poyey™ 9.163 = 0.284 Qo+ 1791 Prq - 0.00109 Dy - 0,052 M (28)
As) 0.453) 2 (0,522) o2 “(0.00046) ° (0.061) °

+0.043 T
{0.040)

Demand for late summer potatoes in early summer

P18I=1.285 - 0,156 QIS+ 0.495 Py, + 0.00056 D, + 0.005 M_~ 0,097 T {29}
(0.226) (0,267} {G.00060) (0.038) {0.222)

Two-stage least squares estimates:

Demand for early summer potatoes
P53’= 5,000 - 0,208 Q53+ {.783 PS2{S)- 0.197 pls + 0,00241 D
{0.291} 0. 255} {0.198) {0,00731}

-0.046M_ -0.110T
0.110 > (0-208)

Demand for lata spring potatoes in early sumimner

= 9.163 - 0.284 Q

952(9 1* 1,791 Pgq - 0.00109 D,3 - 0,052 M

{0,454) {G.521) (C.00047) © (0.062)

+ 0,043 T
{0,040}

3

Demand for late summer potatoes in early summer

P1o=1.285 - 0.136 Q1 + 0.495 Psg + 53.00056 D3+ 0,005 M
€0.229) S (0.26%) (0,00060) {0.038)

~0.097 T
(0,224}
Least squares estimates:

Demand for early summey potatoes

Pg3 = -3.380 - 0.096 Qgg+ 0.706 Psz(s) + 0.507 Pls +0.00362 Dy (27b)
{0.032) {0,126} (0. 130} {C.00168}

~0004 M, ~01087T
(6.015) (0,050)

d = 2.635% RZ - .98




Dsmmd for late spring potatoes in early summer

sz(s) = 6,950 - 0.071 Q32+ 0.546 Psa - 0,00239 D _- 0,023 M
(0.042) (0.103) (0.00226) (0.016)

+ 0,071 T
) (0.074)
d= 1.775* R2=.9

l_)emand for late-summer potatoes in early summer

Pyg= 2.341 - 0.075 le +0.756 P, - 0,00142 Dg + 0.004 MS
(0.178) (0.086) (0.00383) (0.028)

- 0,016 T
(0,150}

d=2610* R2 = ,02

* Inconclusive test for serial correlation in the residuals.

The statistical results indicare that early summer, late spring, and
late summer petatoes do compete in the early summer market. The coef-
ficients of mulriple determination for each demand equation firted by
least squares indicate that the explanatory variables accounted for over
90 percent of the variation in farm price for all seasonal potato crops
marketed in early summer,

The coeifficlents obtained by the limited informarion method indicated
that a 1-pound change in per capita consumpdon of early summer potatoes
was foliowed inversely, on the average, by an 1l-cent change in price of
early summer potatees, When the same reladon was fitted by least
squares, the relationship between price and consumption of early summer
potatoes wae Improved and this coefflcient was significant at the 5 per-
cent probabllity level. Since early summer potatoes comprise the greatest
share of supplies in the early summer market, the price-consumption
relationship for these potatoes was close, as expected,

Use of income as a variable o represent shifts in demand did
not give statistically significant coefficients, The reasons for the poor
income-consumption relationships were given in the immediately pre-
ceding sections.

Demand Elasticities

Tsble 12 presents price and income elasticities applicable 10 the
early summer market. Elasticities are computed only for the coefficients,
ohtained by the limited information method and the least squares method.




Table 12.- Consumption relationships for potatoes (July-August): Estimates of price and income
elasticities based on single-~ and multiple-equation models, by type
of analysis, and based on data for 1947-60 1

: Income elasticities
Price elasticities 2/ . 2/ ¢

Analysis and type : Direct Cross elasti- ° Cross elasti-
of potatoes P ire : city (a) eity (b)
. ‘ Standard
: : error

: Standard: Valiue ° Standard Velue °© Stendard
error :  error : . error

.

Pct. Pct, Pet. Pet.

Limited information method: 3/ .
Early summer U 0.4y 0.14
Late spring 7 : 83 .89 .26
Late summer 7/ : . 5/.29 .16

Least squares method: 8/

Early summer 4 .75 .25 .54 .10
Late spring 7 . g/-l.oh .62 1.35 .25
Late summer 7/ ¢ 6/-1.0L 2.4 .92 .10

;/ Varisbles used in these analyses are described on pp..122-123,
g/ Computed at the mean values of the economic variables for the period of analysis.
Based on coefficients in equations (27) through (29).

_/ Computed from an equation in which cross elasticity (a) is with respect to price of late spring potatoes and
cross elasticity (b) is.with respect to price .of late summer potatoes.

g/ Coefficient differs significantly from zero when tested at the 12 percent probability level.

_/ Coefficient does not differ significantly from zero when tested at the 10 percent probability level.

1/ Computed from an equation in which cross elasticity (a) is with respect to price of early summer potetoes.

8/ Based on equations (27b) through (29b).




Price elasticities

Estimates of price elasticity of demand cbrained by the limited
information method given in table 12 indicate that a 1 percent change in
price of early summer poratoes was followed, on the average, by a 0.7
percent change in consumption, in the oppesite direction, holding income
and other facrors constant,

The results pointto a moderately inelastic demandfor early summer
potatoes, The cross elasticity with respectto price of late spring poracoes
obtained from equation (27) was (0.4, and from the same equation with
respect © price of late summer potatoes, 0.3, The values cbtained for
direct and cross price elasticities indicate that a general case of sub-
stitutability exists among the three tyves of potatoes. But the cross
elasticiries obtained for early summer potatoes are relatively lower than
they were for other early-season markets. This suggesis a relatively
lesser substirution effect of early summer potatoes for late spring po-
ratces and late summer potatoes than for competing types of poratces n
the other early-season markeis. The finding of relatively low cross
elasticities for early summer potatoes is a little surprising, since all
of the seasonal types of poratoes competing in the early summer mar-
ket are perishable. Consumers werenotexpecred to be able to differendate
as well berween types of perishable potatoes as between early potatoes
and srorage poratoes.

Direct and cross prive elasticities for late spring potatoes (July-
August) obrained from equation (28), -0.5 and 0.9, respectively, indicate
that consumers tend to substitute late spring potatoes for early summer
potatoes more readily than the other way around. The high positive cross
elasticity gives strongevidence of substitutability. The apparentdifference
berween direct and cross price elasticities for late spring potatwes implies
that consunier preferences exisr and these result in different selling
prices for the different rypes of potatoes. A caurion should be given on the
size of the cross elasticity coefficient inequation (28), The differences in
levels of the quantity series and the price series for late spring potatoes
and early summer potatoes may have contributed to an unreasonably
high cross elasticity coefficient.

The values lor direct and cross price elasticities for late summer
potawes (July-Augusi) cbiained from equation {29} were -0.5 and 0.3,
respectively, Again, they indicare thar substiturahility exists berween
late summer poratoes and early summer potawes. Aswith early summer
potatces and late spring poraroes, the apparent difference hevween the
direct and cross elasticities points io differentiation berween the two
types of porawes. The least squares analyses for eguations (28b) and
{29b) yielded direct and cross price elasricity coefficients for late spring
potarces and late summer potaroes that seemed unreasonably high,

As In ithe other s=ascnal markets, different prices were received
at the wholesale level for different seasonal crops of potatoes. L6/

16/ Average wholesale prices for 1960-64, on the New York wholesale
marker, were 53.58 per hundredweight for early summer potatoes, 53,54
per hundredweight for late spring potatces marketad in July-~August, and
$2.70 per hundredweight for late summer potatoes marketed in July-
August, The lower average price for late summer potatoes marketed in
July-August may have been due in part to the rendency for prices to
decline over the summer as harvest increages.
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DEMAND ELASTICITIES FROM OTHER STUDIES

Meost previous statistical studies of demand for potatoes considered
principally the tctal U.S, potato crop {(all seasons) as the subject for
research. Results of many of these swdies are shown in table 13, The
markets for potatoes were considered as a single market, with an
overall average of prices and quantities for total potatoes, Potatoes
were treated as a standardized commodity with no disaggregation for
seagonal types of potatces or for individual demands for different uses.
The relarively recent studies of Shuffetr (38 and Zusman {68) were the
first to divide the total 1.5, potato crop inte *‘winter’” and *'spring'
markets.

Estimates of price elasticity of demand obtained by previous
researchers from regression analysis for the toial U5, crop ranged
from -0.16 to -0.39. These studies analyzed price and quantity daia
for the pre-World War [I period. Fox obtained an income elagticity
of demand for total U.S. potatoes for the pre-World War II period of
approximately 0.8. When seasonality of producrion was disregarded,
as it was in most of the earlier studies, the demand for petatoes
appeared 0 be markedly inetastic.

Shuffett (3B) found price elasticities of demand of -0.47 for the
earty and intermediate crops, -0.23 for the late crop, and about -G,30
for total .S, potatoes. He attributed the higher elasticity coefficient
obtzined for totzl 1.8, potatoes, compared to that for the late crop, to
inclusion of early potatces, for which the demand was more elastic, in
the former analysis.

Gray, Sorenson, and Cochrane {13) and Simmons (39) developed
theorerical analyses in their research on problems of instability in

potato prices and income to farmers. Both swdies suggested plans
which would provide for a more elastic demand or some means of
stabilizing supplies. The studies noted, however, that there may be
important differences in supply-price relationships by season, area,
and State. The Gray, Sorenson, and Cochrane study indicated that
litsle was known at the time their report was published about subst-
tutability between porawes from different producing areas.

Zusman gave price flexibility ccefficients for four types of po-
atoes: (1) Winter, (2) storage--carried over to spring, (3} Califor-
nia early, and {4) other early States. The reciprocals of price flexi-~
biliry are often taken to represent elasticities of demand. In wable
13, demand elasticities have been computed from Zusman’s price
flexibility coefficients. Price elasticity for winter (storage) potatoes
from Zusman's swudy is considerably lower than those obiained by
earlier research workers. Zusman noted thar previous studies had
used gross production as the quantiry variable, whereas he used dis-
appearance for food, and the use of latter data may have produced
this resule. Also, his study indicated that demand for late summer and
fall poratoes for nonfood use is more elastc than the demand fox food.

Zusman used an unusval procedure for computing price flexi-
bilities for (1} California spring peotatees, (2) other early spring po-
tatoes, and {(3) storage potatces carried over to spring. He adjusted
the price flexibility coefficients at the mean value of the aggregate
of total supplies of potatoes in spring, He stated that his purpose for
this procedure was ro permit comparison with results of earlier
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Table 13.--Potatoes: " Elasticities of demand with respect to price and income, by type of analysis, for specified periods

. .

LI : : : ! Demand elasticity with respect to--
. . ¢ Form i Period  : P Time :
metnod of analyis H of of ¢ Quantity trend Income

and study : data * pnalysis ¢ Mmeasure I ggafficient ¢ Standard * ~ * Standard
: : H : : : Value H error

Least squares:
Schultz (3%), 1/ :
Total potatoes : 191.5~-29 Consumption -0.

Fox (12)
Total potatoes H . 1gz2-l], Production
do. 3/ ¢ 1922-41. Consumption

Gray, Sorenson, and Cochrane(15)
Total potatoes : do. 1910-h2 Consumption . .39
do. : do. 1923-41 do.

shufrett (38), 5/ 6/
Early and intermediate : do. 1920-41 . Production b7
Late : do. 1920-41 do. - .25
Total s do. 1620-L1. do.

Simmions (39), 6/ : :
Eastern region Actual data 1951-60 . 13
Central region s do. 1951~60 .
Maine H do. . 1951~60 . .32
Minn.~N, Dek. ¢ do. 1951-60 . L4

Two-stage least squares:
Zusman (68), H
Winter— = : do. 1930-58 Consumption L1k
Storage-carried over to spring: do. 1930-58 do. - .71
California early : do. _ -1930-58 do. - .29
Other early do. 1930~58 do. - .56

y Prices received by farmers deflated by index of U,S. industrial production. _g/ Derived from income flexibility. jj Price
undeflated in theseeguations. 4/ Not available. 5/ Price undeflated in all equations. 6/ Results relating to demand are given in
the original study as price and income flexibility coefficients. Derivation of price and income elasticities of demand from
coeffiﬁ:;.ents in this table is subject to the cautions given with regard to such derivations by Meinken, Rojko; and Kin, (28, pp.
732-734)




studies, The use of total supplies in spring for computation of the
price flexibilities at their mean values glves a guite different price
flexibility {and price elasticity of demand) from that derived by use
of the mean value of the relevanr single quantity variable. Computation
by the former procedure tends 0 overstate the value of the price
flexibility ceoefficlent (understate the value of the price elasticity of
demand).

None of the studies discussed here analyzed all of the inter-
relarionships in the different seasocnal potato markets which are implied
in published data on seasonal categories provided by the Statistical
Reporting Service, The most recent s:udies, however, made different
attempts 0 allow for competing supplies of potatoes. In this manner
improved estimates of own price-consumpiion relationships were ob-
tained by allowing for cross price-consumption relationships, In the
present study, each seasonal market is examined individually, and
statistical estimates are obtained of price and income elasticities for
each of the different types of pomatoes that compete in each of the three
early-scason markets.

PREDICTION FROM STATISTICAL MODELS

A very important function of a staristical model is its ability w©
correctly predict variables for years beyond the period of fit, For
instance, an analyst may want 1o obrain projections of per capita con-
sumption, retail price, or farm price of late summer and fall potawes,
for 1, 2, or 3 years zhead. Or he may be interested in estimating farm
price or consumption of early porawoes. In addition, policymakers or
members of the industry may be interested in forecasting direction
of change in prices and consumption of poratoes.

This secrion evaluates the statistical models for their ability o
correctly predict direction of change in prices and consumption and 1o
.correctly esrimate absolute values of the endogenous variables beyond
the period of fit. This can be done since the models were fitted using
data for 1947-60, and data are available for years beyond 1960 for
testing the soundness of the relationships.

Tables 14 through 17 show, for 1961, 1962, and 1963, comparisons
berween actual values of the endogenous variables and the estmated
values for these same variables obrained by using different estimating
equations. The same compariscas for the pericd of fit, 1947-60, are
shown in the appendix, tables 22 through 23,

A& qualitative test is used w evaluate the accuracy of prediction
of direction of change for 13 endogenous variables for 1961, 1962,
and 1963, contained in the 4 statistical models. The form of the test
is a probability function which vields p successes and g failures equally
by chance, in predicting ahead,

A guantirarive rest is used o determine how closely the predicted
values for the 13 endogenous variables approximate the actual {observed)
values. Variance ratios (unexplained variation as a ratio of ol varia-
tion) are used to test the accuracy of prediction of the absoclute values.
For this test, the lower the variance ratic, the better the prediction,
In addition, estimates evaluated by gualitative and quantitative means are
classified by method of estimation, o determine which method yields the
best results,
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Teble 1h,--Model of late summer and fell poteto merket: Actual and
predicted valuss of the endegenous varinbles, 1961-63

Predicted

Reduced-form

equations Structural equetions

Item and year i Actual, & i
: ! Limited | Least | Limited  Two-stoge ' Least
'informo- | sgueres. informa-'  lepst  [squares

Ttien Lf T 2/ ! tion 3/ ] squares L)’

: Founds  Pounds Pounds Pounds Pound s Pounds

Consumphtion for food,
per capite, Ch:

1961
1962
1963

Consumption for livestock
feed, per capite, Cp:

1961
1962
1963

Consumption for atarch,
par caplte, Cs:

1561 i B . . ) 3
1962 H .12 . . . . .6
1963 i 6.2 . : .36 ”

Dollars Dollars Dollars Dolinrs

Farm price per humdred-
weight, Pp:

1561

1562
1963

: Cents

Retall price per 10
pounds, Pp:

1961 : b, 3. 50.6 6.6 3.9
1962 : La. . 5.3 Lh.g 46,5
1%63 : kg, . 5.8 483 8.2

y Limited information estimates obtained by algebraic transformation of endogenous
verinbles in eguations (6] through (9}.
gj Leazt squares estimates obtained by fitting the endogenous variable as s function
of a1} the predefermined variables in the model,
Limited informstion estimetes are from structurel eaquations (6) through (9).
%/ Two-stege least squares estimates are Crom eguations (6a) through {9a),
5/ birect lenst sguares estimntes are from equations (6b} through (9n}.
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" Table 15.-=Model of winter and early spring potato market: Actual and
predicted volues of the endogenous varisbles, 1961-63

H : Predicted
; : Reduced-form : Structural equations
Item and year : Actual K equations X
H ¥ : Timited : Least H Limited s Two~-sbage s Least
H :  informa= H squares H informa~ H least : squares
: s tion 1/ B 2 s tion 3 s squares : S
Farm price per hundredweight: H Dollars Dollars Dollars Dollars Dollars Dollars
Winter and early spring pobtatoes, @
Psy :
1961 : 1.81 2.09 2.30 2.05 2.14 2.1k
1962 : 2.15 1.43 2,16 1.58 1.78 1.85
1963 H 1.87 1,81 1.52 1,82 1.91 1.90
Storage potatoes (January-April), @
Pfl H
1961 : 1.33 1.89 1.2k 0.96 1.00 1.02
1962 H 0.8 0.72 1.43 0,99 1.08 2.16
1963 B 1.11 1.06 1.01 0.72 0.81 0.90
Fall potatoes in storage, per :
capita, May 1, Sg¢ H Pounds Pounds Pounds Pounds Pounds Pounds
1961 8 10.67 —— — o — 12.18
1962 : 13.10 — — — — 13.h4k
1963 H 12.54 — _— — — 13.22

1/ Timited information estimates obteined by algebraic transformation of endogenous variables in equations (15) and (16).

2/ Least squares estimates obtained by fitting the endogenows variable in equations (15b) and (16b) as & function of all the
predetermined veriables in the model.

3/ Limited information estimates are from structural equations (15) and (16).

L/ Two-stage least squares estimates are from equations {152) and (16a).

5/ Direct least squares estimates are from equations (15b), (16b) and (7).




Table 16.-~Model of late spring potato market: Actual and predicted
values of the dependent variables, 1961-53

Predicted

Item and year : Actual
: Reduced-form equation-
least squares

.Farm price per hundredweight: : Dollars Dollars

Late spring potatoes, Ps, 1/

1961
1962
1963

Storage potatoes (May-June), P, g/f

1961 : 1.01
1962 :
1963 : 0.85

1/ Least squares estimates obtained bv fitting theehdogenous variable in equation (22) as a func-
tion of all the predetermined variables in the model. 2/ Least squares estimates obtained by fitting
tbeendogenous varisble in equation (23) as ‘a function of all the predetermined variables in the model.
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‘Table 16.--Model of late spring potato market: Actual and predicted

values of the dependent variables, 1961-63 -~ Continued
. Predicted
Item and year . Actual
. Ordinary least squares
Per capita disappearance: : Pounds Pounds
Late spring potatoes, Q52 3/
1961 : 15.47 15.29
1962 : 11.90 12,33
13.69

1963 : 12,87
Storage potatoes (May-June), sz 4/

1961 : 5.45

1962 : 8.17

1963 : 7.72

Q/A’Least squares estimates obtained by fitting equation (18).
4/ Least squares estimates obtained by fittina equation (19).




Table 17.--Model of early summer potato market: -Actual and
predicted values of the endogenous variables, 1961-63

Predicted

Reduced-form Structural equations
equations

Limited Least Limited : Two-stage B Least
informa=- squares : informa~ : least : sqyes

tion 1/ 2/ : tion 3/ squares 4/

Dollars Dollars Dollars Dollars Dollars

Item and year

N T

Ferm price per hundredweight:
Erujly summer potatces, Ps3
1961
1962
1963
Lat b tat P
e spring potatoes, 52(s)g
1961

1962
1963

Late summer potatoes, P (74

08 45 se ss se eu ne e8 su 40 46 se se es ok ea ve ae es os [ae ba en

1961 1.33
1562 : 1,72
1963 ; 1.32

1/ Limited information estimates obtained by algebraic transformation of the endogenous variables in equations (27) through (29).

2/ Least squares estimates obtained by fitting the endogenous variable in equations (27b) through (29b) as & function of all the pre-
determined variables in the:moael,

3/ Limited information estimates are from structural ‘equations (27) torough (29).

L/ Two-stage least squares estimates are from equations (27a) through (29a).

_g/ Direct least squares estimates are from equations (27b) through (29b).

__/ The estimated values of Pg and Pls from the limited information fit and the two-stage least squares fit of the structural

2(s)
equations are identical because tﬁe coefficients obtained in the egquations fitted by each of the two methods were identical,




Qualitative Test of Predicted Values

The qualitative test gives a measure for determining how well the
statistical models were able to predict direction of change. This is one
of the critical tests of the model' s structure. The first step is to count
the number of correct prediciions of direction of change for each en-
dogenous variable for 1961, 1962, and 1963, Successes of prediction are
compared to the probability of getting that number of correct predic-
tions by chance alone. I the actual price of a particular type of poratoes
increases from year t-1 to year t, the estimare for t is correct if it oo
is higher than the actual price of potatoes in year t-1. Likewise, if the
price of potatoes declineg from year t-l toyeart, the prediction for
t is correct if it too is less than the actual -1 price.

Let p be the probability of getring a corect predicrion of the direc-
tion of change {=%}and g the probability of getting an incorrect one (=%),
Further, ler 1951, 1962, 1963 Le the years for which predictions are
be made. The terms In the binomial expansion(p g3 give the prob-
ability of getting 0, L, 2, and 3 correct predictions in the test. The prob-
ability of getting as many as 2 correct predictions out of 3 is the sum
of the probabilities of getting 2 and 3, Likewise, the probability of getting
1 correct prediction out of 3 is the sum of the probabilities of getting
1, 2, and 3, Thus, we are dealing with cumulative sums of at leasc that
many successes. 17/

Table 18 presents results of the comparison of the accuracy of
predictions from the four srarisrical models with the probabilities of
obraining correct predictions by chance alone. The estimated values
were computed from single and multiple equations fitwted by alterna-
tive methcds. Also, this table shows the total number of correct pre-
dictions for each statistical model.

In table 18, comparisons are made of the correct number of
predictions for a variable among rthe different methods of fit. In making
these comparisons, two considerations are important: (1} What infor-
mation is needed to make predictions when allof the different methods of
fit are considered, and (2) should comparisonsbe limited cnly o methods
using the same amount of informarion?

The first two columns in table 18 show the number of correct
predictions of direction of change obtained by using the reduced-form
methed of fitting simultanecus equacions. The parameters of the limited
information reduced-form equation were algebraically derived from the
parameters in the structural equations. Those in the least squares
reduced-form equations were fitted directly, In using the reduced-form
equations, only values of the variables which were classified as pre-
determined variables were used 10 make estiiates of the endogenous
variables,

17/ The partial sum of the expansion of the binemial (p « q)" Was.
used in the computation of the probabilities where the expansion terms
are

n n-1 1 i[i-—li n-2 2 pip-iy(n-2) n-3 3
1+ ng pt q Pp+ ] q p

! (n-1) (n~2) ... M- +1} 0

-~T I s}
[ 7.3.. 1 q P+...+D
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Table 18,~-Number of correct predictions of direction of change in values of the endogerious variables in the
the potato’ economy, and related probabilities, by statisticel model and alternative
methods of fit, 1961~63 1/

Method of fit

Model and Reduced-form equations Structural equations

endogenous:
variables
2/

Limited : Least : Limited : Two-stage : Least
information : Eqiares information least ‘squares i squares

Proba~
bility

Procbe~ °  Number Proba- Number " Proba~ Number * Proba~ * Number

Number : : : :
bility | correct . bility correct . bility | correct . bility correct

correct

Late summer and fall
0.0037 0.059 0,15 13 0,0037 15

.50 12 »50 .50
22 »50 .12 .12
a2 .12 «50 «50
«50 .50 «50 12
.12 .88 ] E .12

Winter end early
spring model:

W34
.88
.12
()
(5)
(5)

Late spring model:
PE
2
Pra
.75 : .25

3 3 E
88 50 *50:

Early summer model:

P,

P73

P

1)
1/ From year t-1 to.year t.
g/ Humber of correct predictions and related probabilities given by model and by endogenous variables within each model,
%/ lanation for derivation of estimated values for Py given in footnotes to table 19,
_/ Ordinary leest squares estimates alone were obtained for this equation since it contained only 1 endogenous variable,
2/ Least squares reduced-form estimates alone were obtained for these equations since thevwere "just identified."




Of all statistical models fitted, the late summer and fall mode}
appeared 1o give the greatest number of correct predicrions of direciion
of change for 1961, 1962, and 1963, in both absolute and percentage
terms. The equarions used to estimate the consumption variables,Ch,
:Cf, andCg, gave the greatest number of correct predicrions for all
different methods of fit. However, the equations uged to estimate the
price variables, Pf¢ and Py, gave substantially correct predictions of
direction of change for the two-stage least squares, limited information
reduced-form equations, and orxdinary least squares merthods of fit
The structural equations fitred by least squares gave correct predicrions
of direction of change for every endogenous variable for every year
of prediction., The probability of cbtaining 3 correct predictions out of
3, as was obtined for each endogenous variable in this model, by
chance alone, is 0.12. The probability of obtaining 15 correct predictions
out of 15, as was cbtained from estimaies derived from this model,
by chance aione;is; 0.00003.

For the period of prediction, 1961-63, the winter and early spring
model did not do much better in predicting direction of change than could
be dore by chance. The structural equations, using three different methods
of fit, were able tw predict direction of change correctly 1 out of 3
tmes for Pgy and for Pf) . Almostas many correctpredictions could
havz beer derived by tossing coins. However, the reduced-form equations
for obtajning estimates for Pg, and Pf) , in the aggregate, correctly
predicted 3 out of 6 and 4 out of 6 diréctions of change, respecrively.

Estimates for the late spring model for 1961-63 showed that the
reduced~-form equavions fitted by least squares correctly predicted 4
out of 6 directions of change. The direction of change for each of the
individual endogencus variables, Pgg and Pfyp , was correcily pre-
dicted 2 rtimes our of 3. The reduced-form equations were the only
equations fitred for the late spring model since the system of equations
was *‘ just identified.'" {See p.39for criteria of idenrification.)

For 1961-63 the structural equations in the early summer model
fltted by limired information, two-stage least squares, and ordinary
least squares correctly predicted 6 out of 9, 7 outor 9, and 7 out of 9
directions of change, respectively, For these methods of fir, the early
summer model thus approached the late summer and fall model in giving
satisfactory indications of direction of change for prices of different
types of potatoes. The reduced-form equation did less well in predicting
direction of change. Even so, the reduced—form equations did berter in
predicting direction of change than random predicrions based upen chance,
Baged upon all methods of fit, the equations for estimating Pg3 did the
best in predicting direction of change correctly, followed Ev the eguations
for estmating Pgpee) and Py, Estimates for Pgy from reduced-form
equations did nearly as well as those from structural equations in
correctly predicting direction of change,

Quantitative Test of Predicted Values

The quantitative test assumes thatthe variation among the estimated
values is.minimized relative to the twotal variation in the actual values.
For this test the variance ratio {unexplained variation as a ratio of
wtal variation) was used to validate the model., This is the second
critical test of the model's structure. Alternative types of tests are
given by Maki and Crom {24).




Table 19.--Endogenous variables in the potato economy: “Total variation, and ratic of unexplained variation ‘to
total variation, by statistical model and alternative methods of fit, for specified periods _]J

H Ratio of unexplained variation to total varittion 3/
Bnddgenous H Total Reduced-form equations : Structural equations
variable ¢ variation Limited - ° Least Limited ' . Two-stage - * Least
! 2/ information * squeres intormation * least squares ' squares

Period and model

194760
Late summer and fall model:

Consumption of potuioes for food
(pounds) .

Consumption of potatoes for livestock
teed (pounds)

Consumption of potatoes for starch
{pounds)

Farm prire for potatoes, (dolLlsrs)

Retail price for potatoes, 10 1b, by
{cents)

60,72

21.00

91.59
4.30

LE0.14

Winter and early spring model:
Farm price, winter and early spring
potatoes (dollars)
Farm price, storage potatoes, Jan.~
April (dollars)
Storags stocks; fall potatoes, May 1
{pounds)

A5

£.00

29 48 54 00 48 od be se e s ev se we so se ie we we n |6 sa. v e we

76,65

Late spring model:
Farm price, late spring potatoes
(dollars)
Farm price, storege potatoes, May-June
(dollars)

€.94
10.70

Eerly summer model:
Farm price, early summer potatces
(donarss
Farm price, late soring potatoes,
July-Aug. (doliars) 6
Farm price, late cummer potatoes,
July-Aug, (dollars) .16

See JToolnotes at end ol table. Continued =

.23
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Table 19,~-Endogenous variebles in the potato economy: Total variation, and ratio of unexplained variation to total
variation, by statistical model and alternative methods of fit, for specified periods ;/ ~Continued

Period and model

H

: Endogenous

Ratio of unexvlained varietion to total variation.3/
Total :_Reduced-form equations: Structural equations

“'”;7““3 Limited ' Lesst ' ILimited ° = Two-stage
. information | sguares | information ; least squares

n

Least
squares

variable

: 1961~63
Late summer and TAIT Wodel:
Consumption of potatoes for food
(pounds)
Consumption of potatoes for livestock
feed (pounds)
Consumption .of potatoes for starch
{pounds)
Farm price for potatoes (dollars)
Retail price for potatoes, 10 1b, 4/
{cents)

Winter and early spring model:
Farm price, winter and early spring
potatoes (dollars)
Farm price, storage potatoes, Jan.~
April (dollars)
Storage stocks, fall potatoes, May 1
(pourids)

Late spring model
Farm price, late spring potatoes
(dollarsS
Farm price, storage potatoes May-June
(dol;arsS

3

Early summer model
Farm price, early summer potatoes
(dollarss
Farm price, late spring potatoes,
July~Aug. (dollars)
Farm price, late summer potatoes,
July-Aug. {dollars)

.
.
:
.
H
.
.
.
.
.
.
B
.
.
.
.
.
H
:
.
H
.
.
.
H
.




1/ Equations fitted to actual data for 1947-60. ‘See tables 14-17 for estimated values of the variables for 1961-63 and tables
22-25 for estimated values of the variables for 1947-60.

E i _ 3 -
2/ Total variation = 3 (X - X)2 for 1947-60; § (X X)° for 1961-63.
=1 £=1

14 : - 3 2
3/ Unexplained variation = 5 (X -~ X')= for 1947-60; '3 (X - X*) for 1961-63,
£=1 t=1

. 5/ Limited information estimates obtained by algebraic transformation of equation {9 ); two-stage least squares estimates obtained
by algebraic. transformation of equation ( 9a ); ordinary least squares estimates obtained by direct fit of variables contained in
equation (9b ) with P, dependent (analysis not shown); and estimates from reduced-form equations obtained by (1) algebraic trans-

formation of endogenous variables and then fitting by limited information and (2) fitting directly by least squares (analysis not
shown).

2/ Ordinary least squares estimates alone were obtained for this equation s‘ince it contained only 1 endcgenous variable.

§/ Least squares reduced-form estimates alone were obtained for this equation since it was "just identified." (See p. 39 for
criteria of indentification.)




Table 19 shows the toril variation present in the endogencus
variables in the potaw economy and the rario of the unexplained varia-
tion o the rotal variation, The meaning of this ratio is as follows: If
the factors used in the statisrical relationship can explain all the varia-
tion in the endogenous variable, then the amount lefr unexplained is
zero and the ratio is zero. On the other hand, if the factors cannot
explain any variation during the period of fir, then the ratic becomes
1.0. Therefore, for the periocd of fit, 1947-60, the closer the ratio is
to zevo, the better the model--or the method of fit--1g for estimating,

For years beyond the period of fit, deviations of the esrimates
from their mean can be greater than deviations of the acwual values
from their mean, and therefore rthe variance raric can exceed L.0.
In table 19, the ratios are shown for both the period of analysis, 1947-60,
and for years beyond the period of analysis, 1961-63,

As indicated in table 19, comparisons can be made of variance
ratios obtained for an endogenous variable from different methods of
fit. In making these comparisons, consideration should be given both
to the information needed tc make estimates of the endogenous variables
and o fitting procedures which use the same amount of inf ormation.
The two lefthand columns of variance ratios are obtained from estimates
using the reduced-form equations for fitting simultaneous equations.

The parameters of the limited information reduced-form equations
were algeuraically derived from the parameters in the structural equa-
tions, while those in the least squares reduced-form eguations were
directly firted. In using these reduced-form equations, only values of the
predetermined variables were used to make estimates of the endogenous
variables, Thus, one usefu! purpose of the reduced-form, equatons is
to yield estimates of certain endogenous variables that are subsequently
used in making estimates from structural equations,

In making predicticns, predetermined or exogenous variables used
in reduced-form equations are not given but must be estimated by some
means. As a rule, estimates for many of the variables usually classi-
fied as predetermined, such as consumer income, can be obiained readily
from various Government agencies, And total producrion or supply of
potatoes which has heen assumed as predetermined could be estirnared
from a supply equation based on facters which existed in a previous
period.

However, the reduced-form equations as shown cannot use infor-
mation supplied by other endogenous variables that might appear in the
structural equations, In this case, it might be more feasible to use the
structural equations directly, particularly if they contain the major
predetermined variables. In addition, a stronger relationship may
exist between the respective endogencus variables in the structural
equations than between an endogenous variable and any one of the pre-
determined variables, The three right-hand cclumns of variance ratios
are used to test the ability of the structural equations 1o estimate
directly the values of & single endogenous variable,

For 1961.63, based on variance ratios given in table 19, the late
summer and fall model, among all models firted and over all methods
of fit, most accurately predicted the values of the endogenous variables,
For this model, over all methods of fit, the equations for the price
variables, P¢ and Pr, appeared to glve better estimates than the equa-
tiong for the consumption variables,Ch,Cs, and Cgz. Based on this test,
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estimates for farm price, Py , and retail price, Py, from equations
fitted by ordinary least equares were substantially better than eastimates
for the other variables.

For the period of fit, 1947-60, the ratios indicate that the reduced-
form equations for the late summer andfall model gave the best estimates
of Cy,, consumption for food. However, for the years beyond the period
of fit, 1961-63, the structural equations, fitted by least squares, gave
the best estimates for this variable. But the structural equations re-
quire the price of potaices, a key endogenous variable, 1o be known and
given, Comparison of the ratios among the methods of fir indicates that
the relationship berween consumption and price of late summer and fall
potatoes appears more stable over time than the relation between con-
sumptien and the exogenous variables used in the analysis,

The strucrtural equations fitted by least sguares and two-stage®
least squares gave relatively low variance ratios for Py, farm price,
and Pr, retail price, for 1961-63. But the comparigon between them and
the ratios obtained from the reduced-form equations can be misleading.
The structural equations show the relation between farm price, reiail
price, and marketing costs, Thus, the results using the structural
equations simply indicate that farm and retail prices tend to remain
closely related over time except for changes in marketing costs. On
the other hand, the reduced-form equations for estimating farm price
take into account the influence of basic demand facturs.

The ratios for estimates obiained from the reduced-form equations
for 1961-63 indicate that these are reasonable equations for estima-
ting Pf in view of the relativelylowrtotal variation resulting for that
variable. The ratios indicate that of the two reduced-form egquations,
the limited informartion reduced-form equation appears to be berter
in estimaring P in years beyond the period of fit.

For the period of prediction, 196163, as measured by the variance
ratios in table 19, over all methods of fir, the winter and early spring
model did not do nearly so well as the late summer and fall model in
predicting values of the endogenous variables. This was due principally
to the small range existing in the actual values; ag seen from the table
of variance ratios, the wrtal variation in Pg; and Pf, for 1961-63 was
very small, For example, differences from the mean for acrual prices
for 1961-63 for Py averaged only 13 cents, while differences of actual
prices from the mean for the same variable for the immediately pre-
ceding 3 years, 1958-60, averaged 38 cents. The relatively low toral
variation for each of Pg; and Py, for 1961-63 resulted in unusually
high variance ratios.

For the winter and early spring model, the ratios for 1961-63
were somewhat smaller for estimates of Pgj and Pr] from strucrural
equations than for estimates fromreduced-form equarions, However,
each structural equation contains the price of the competing types of
potatoes, The lower ratios obtained from ficting the structural equations
may be due o inclugion of this variable. In this case, own price and
prices of the substitute potatoes tended to be more closely related
than own price and own quantity. For both the pericd of fit, 1947-60,
and the period of prediction, 1961-63, the structural equations fitred
by ordinary least sgquares gave herter predictions of prices than the
limited informartion and two-stage least squares-fits,
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For the pe~iod of predictiony 1961-63, as measuredby the variance
ra:os, equations for the lare spring model gave better estimates than
those in the winter and early spring model, As seen in table 19, reasonable
estimates were obialnedforbochPga andPfs from the equations contained
in the late spring model. The predetermined variables, Qg; and Qg5
in both of the ** just identified’’ equations in this model were statistically
significant at the .05 probability level in both equations and this un-
doubtedly contributed to accuracy in prediciion.

The early summer model, as measuvred by the variance ratios,
did very well in providing estimates for Ps3,Psg(g), and Plg from structural
equations for the period of fir, 1947-60. For all three endogencus vari-
ables, the variance ratios computed from results of structural equa-
tions averaged lower than that for any other rnodel. But for the period
of prediction, 1961, 1962, and 1963, with the exception of the winter and
early spring model, the ratios computed were higher than those for any
other model.

The early summer moedel gave lower ratios for 1961-03 for esti-
mates oblained from structural equations than for estimatesobiained from
reduced-form equations, In general, of the three endogenous variables,
P1g showed the smallest ratio, based on all three methods of fit, The
changing relative importance of supplies of early summer, late spring
and late summer poiatoes in the early summer market (FJuly-August} in
the early 1%6('s may be the cause of the subsiantially higher ratos for
Pga, Psg(gy and Pigfor 1961-63 compared with 1947-60.

An important consideration in evaluating the ratios given in table 19
is the number of years available for prediction. If the number of years
{chservations) for comparison between actual and estimated values is
relatively small, such as 3, the ratios of unexplained variation t¢ toral
variation will usually be larger than if a larger number of years (obser-
vations} is used. This is due w0 the problems associasted with a smali
sample.

Graphic Analysis of Predicted Values

Comparison between the actual and computed values can 2iso be
shown graphically. These are plotted for 1947 through 1963 in figures
9 through 14 for specified endogenous varizbles in the porato economy,

Figure 9 shows that estimated values for 1947-50 and 1954-63
of Ch, consumption for food, closely approximate the pattern of acrual
values, For these years, even though production of late summer and
fall potatces was more than sufficient to supply requirements for food,
the food eguation estimated changes in consumption fairly accurately,
The long-term estimation of Cp appeared to be as good as.the short-
term estimares, Values obrained from 1936 through 1963 indicated, on
the basis of both long-term and short-term estimates, that the model
did well in forecasting the changes that occurred during the period.
For 1947-63, the ordinary least squares method of fir appeared to do
a better job of estimating than the limited informartion structural
equations fit

Figures 10 and 11 indicate thar the equartions did a pretty good
job of estimating farm price and retail price of late summer and fall
potatoes for 1947-63. Only for the crop years 1954-56 and 1960 are
notable differences found between estimated and actual valves. The
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POTATO CONSUMPTION
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Figure 9

actual! prices by wmonths, for the stared years, as reported by the
Statisrical Reporting Service, tended 1o show wide fluctuations which
are hard t¢ capture from annual datz. These wo diagrams indicated that
r.he_ statistical model is able w0 do as weli (or better) in correctly
estimating wide swings in farm and rerail prices as in estimating
narrow swings or relatively small changes. With few exceptions, prices

estimated by both two-stage least squares and ordinary least squares
were very similar,
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Figure 11

Figure 12 shows that estimated prices for winter and early spring
potatoes were close to the actual values in most years for the 1947-63
period. The occasional year-w-year divergence probably was due maintly
0 unusually sharp changes in anticipated production of late spring
potatoes, which in twirn affected prices of both winter.and early spring
potatoes and remaining storage supplies. The model did about as well
in predicring long-term changes as in predicting short-term changes,
such as 1 year. The model was able 10 make fairly close estimates for
the gradual downwrn in price of winter and early spring potatoes
between 1947 and 1954. Estimates obtained by limired information
structural equations for winter and early spring potatoes were similar
e those obtained by ordinary least squares. But for the period of
prediction, 1961-63, the estimates obrained by the ordinary least
squares method were closer o the acteal values,

In figure 13, the estimates of price of late spring potatoes for
the period of analysis, and for the period of prediction, 1961-563, show
a reasonably close fit. Coefficients for the explanatery variables in
equation (24}, Qgp and Qfy, were statistically significant at the ,001
probability level. Thus, the highly satisfactory coefficients obtained
from f{iuing tre equations in this model probably were the basls for
obtaining the close estimares.

The estimated values in figure 14 for prite of early summer
potatoes conformed very closely to the actual values for the period
of fir, 1947-60. For the peried of prediction, 1961-63, however, the esti-~
mated values obtained from both Himited informaton structural equations
and ordinary least squares were consistently low in 1961, and consistently
high in 1963, The predicted values for 1961-63 suggest that, due to the
changing relative importance of early summer, late spring, and late
surmnmer potawo supplies in the early summer market, a change may be
required in the structural coefficients, through inclusion of more recent
dara.
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Figure 13

A further congideration in appraising the results of the analysis

used 10 estimare 13 endogenous variables are given in table 20,

g0

to the test for serial correlation in the residuals, It can be
shown that serious errors and bizs may result if the residuals are
autocorrelated, Durbin and Watson (9) devised approximate tests for
autocorrelation in successive residuals of least squares regression
equarions, In this study, the technique is used only 10 test equations
fitted by the least sguares method, Results of the test for equations
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In using the Durbin-Watson test the following statistic is computed

N
2
T (ded )

1

t=1
where di is the unexplained residual for observation t and di-] is the
unexplained residual for the observation lagged 1 year.

The two computed values d and 4-d’ relate to the wo rails of the
sampling distribution; d° relating to positive serial correlation, and 4-d
W negative serial correlation. If ¢/or 4-d’1s less than the lower bound
of critical values found in the Durbin-Watson table of significance
peints, the indication is thar the residuals ;_n_gyhe serially correlated,
either positively or negatively. If bath d’ &fid 4-d" are greater than the
upper bound in the table of gignificance points, the indication is that
there is no serial correlarion. If neither of the computed values is less
than the lower bound, but one of them lies between the lower bound and
the upper bound, the test is inconclusive., The test does not apply as
well to equations that use lagged values of the dependent variable,
For equation (6b), which contains 1 lagged independent variable, the
test Is used only to give an approximarion of the degree of serial
correlation,

Results of the Durbin-Watson test show that the 13 equations fitted
by leasr squares in the four statisrical models meet the condition of
serial independence in the residuals fairly well, There are no cases
which indicate a positive serial correlation; there are 12 cases in which
the test is inconclusive; and there is 1 case where no serial correlation
is indicated. For equations used t estimate Pgy, Pf; , St, Pty , Psj,
Plg, Psy(g), Pr,and Py, the d statistic is at the upper end of the inconcla-
sive range. For all of the equations fitted in the four staristical models,
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Teble 20.--Test for serial correlation in the residuals
of 13 equations fitted by the least sguares method

Durbin-Watson statistic
Endogenous
variable

ar , b-g'

* 1.61

* 2.19

* 2,27

* 3,24

* 2,76

* 1.77
2.63
2.62 1.38
2.62 1..38
3.09 .91
2.96 1.0h
1.61 2.39

1.05 2.95

* TInconclusive test for serial correlstion in the
residuals.

A No serial correlation in the residuals.




estimates of the parameters in the equations would be expected to be
statistically efficient, capable of estimating the true variance, and sub-
ject to valid t~- and F-rests,

INFLUENCE OF GOVERNMENT PROGRAMS

Various Government programs, both Federal and State, have been
used since the 193C's in efforrs to bring n~re stability to the potato

industry, Historically, these Government activines canbebroadly classi-
fieds

{1) Purchase and diversion programs for potatoes, beginning in 1934,
provided for payment of export subsidies, paymernttoencourage domestic
utilization in lower grad. uses, and the purchase of potatoes for distri-
bution through school lunch programs and to eligible institutions,

(2) Seil conservarion payments made in conjunction with acreage
allou‘gent programs from 1938 through 1941, in which pOLAtOER Were
classified as a sofl-depleting crop; besides conservation of the soil,

attempts were made w bring production into balance with domestic and
eXport demand.

(3) Price support programs, 1942-30, made GCommodity Credit
Corporation funds available for Support operations through commodiry
loans, purchases, or other operations.

(4) Federal and State marketing agreements and orders, initiated
In the 1930's bur of much greater importance in the postwar period,

were intended to maintain minumum standards of quality and to bring
about orderly marketing,

(3} Special activities connected with USDA food distribution programs
such as the Plentiful Foods and Food Stamp Programs.

The various Government programs differed considerably in terms
of magnirude of operations. During 1934-42, quantities of poratoes involved
in purchase and diversion operations were nominal compared to the
volume handled in connection with price suppert operations during World
War Il and the immediate postwar period. For example, in each of 4
years under price supports--1946, 1948, 1949, and 1950--the volume
of potatoes removed from commercial channels was four times greater:
than the combined total of purchases and diversions made during 1934-42,
The diversion programs in operation in most years since 1950 have
involved considerably less volume than that under the brice-support pro-
gram. Quantities removed from commercial channels after the price-
support period averaged less than 12 million hundredweight per crop

year compared with an average of 33 million hundredweight during
the years of price support,

In the following sections, brief descriptions are given of Govern~

ment programs by time pericds and their effect on potato prices and
industry structure,
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Pre-World War TI Programs (1934-42)

Before World War II, limited purchase and diversion operations
were carried our for potatoes under provisions of Section 32 of the
Agriculrural Act of 1933, Section 32 programs were designed to remove
excess supplies o the degree compatible with outlets available for
urilizarion of the surplus, Program activity generally was concentrated
in those areas where excess supplies were a particularly acute problem
rather than prorating purchases among all producing States. Provisions
were made by the USDA (1) ro purchase potawes for school lunch and
welfare distribution, and {2) to encourage diversion of surplus potatoes
from the primary food market o such secondary uses as starch, flour,
and livestock feed.

The fundamental purposes of the Section 32 programs were o
remove temporary surpluses, stabllize markets, and improve prices,
However, there was no direct attempt 1o guarantee price levels for
petatoee, Further, since growers had no advance knowledge as 1o whether
a Government program would be instituted, or the prcbable extent of
program activities, Section 32 programs probably were not an important
influence in production decisions.

The first use of the Federal marketing order approach occurred
in 1934 when marketing and license plans were entered into by growers
of early- and intermediate~crop potatoes. The program affected only
the 1934 crop and was terminated in April 1936. Subsequently, three
late-crop producing areas adopted marketing agreements and orders
for the 1937 crop which provided for Federal-State inspection of all
shipments, and prohibited interstate shipment of cull potatoes produced
in the areas covered by the agreements. Orders later were instituted
in several Nortk Central and Western areas to regulate marketing of
the 1942 crop. Because of strong wartime demands, however, these
orders were not used until 1947,

In 1938 poratoes were included in an acreage allotment program
which was designed to lessen the exploitive use of land for soil-depleting
crops. Seoil conservaticn payments were made 1o farmers who received
potato acreage allotments. In distributing acreage allotments to individual
farmers, meeting the soil conservation needs of each farm and providing
an equirable share of the market for each producer were principal con-
siderations,

Government programs in this earlier period did not appear to
affect price greatly, 18/ Government expenditures on surplus removal
operaticns in the years of greatest activity amounted to less than 3.3
percent of the crop value. The programs appeared o increase aggregate
income by a slightly larger amcunt than Government expenditures,

18/ For a more detailed account of the objectives, means, and extent
of Government activities during the price-support period and earlier
years, see Gray, Sorenson, and Cochrane {13, pp. 34-52),
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Price Support Operations (1942-50)

With the advent of World War II and resulting stronger demanrds
for agriculwural products, the emphasis on Government programs shifted
from removazl of excess supplies to stabilization or expansion of supplies,
Legislation was developed which required the Secrerary of Agriculture
10 support prices of those commeodities for which he encouraged ex—
panded production. Minimum support rates were specified, generally
in relation to parity. Potato prices were supported art 92 percent of
parity in 1943, at 90 percent from 1944 to 1948, and at 60 percent in
1949 and 1950. Legislation enacted in March 1950 provided thar for the
1951 crop year and thereafter, no price suppert would be available for
Irish potatoes unless markering quotas were in effect. The Secretary of
Agriculture dees not have the authority to proclaim marketing quoeas for
potatces, and the Deparwment of Agriculture has not operated a potato
price-support program since 1930,

Price~support operations for potatces during this period were
carried out primarily by the Commodity Credit Corporarion. The methods
used included purchases and loans to growers and dealers. In addirion,

Section 32 funds were used to diverr potatoes to secondary uses, chiefly
livestock feed.

Government price-support operations had a significant impact on
the potate industry. Some effects of the program, such as relative price
stability, must be considered temporary. Bur other effects, especially
on acreage and yield, and on location ofpreduction, were more perma-
nent. The response to the price-support program was greatest in the
specialized potato areas, reflecting their comparative advantage in pro-
duction and more general recognition of the need for mgre sophisti-
cated marketing services. The reduction in price risk spe ded up the
process of relecation of production from unspecialized to wpecialized
areas. Prices during the price-support period, when deflated by index of
prices received by farmers, averaged abour the same as prices in the
8 preceding years, similarly deflated. However, annual variation was
much lees under the price support program,

On the demand side, Gray, et al (13), concluded in a 1954 study
that consumers obtained potzwes at a lower average price than they
would have under a free marker. The study showed that when demand
is highly inelastic, consumers pay less for a constant supply than for
an equivalent fluctuaring supply averaged our over the years. Also,
it might be argued that under free market conditions, supply of poratoes
would nor have expanded during the war. Demand for potatoes, on the
other hand, appeared to go up. The combinarion of an unchanged supply
and a rise in demand probably would have resulred in a higher price to
consumers than the pre-suppert equilibrium price.

Government Programs - 1950 to the Present

Government programs since 1950 have been much more limited in
scope than those of the price-support era and have heen primarily
concerned with bringing supply into balance with market requirements,

These programs have included: (1) Acreage marksting guides, to
encourage necessary adjustments in production, (2) Federal and State
marketng agreements and orders, to regulate the quality and volume
of potatoes shipped w© market, and (3) Section 32 diversion or purchase
programs, to stimulate urilization of poratoes in the lower grade uses,
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and for purchases of surplus powatoes for distribution to schools ana
ingritutions.

Acreage-markering guides are issued by the Department of Agri-
culture for all seasonal potato crops. The fundamenial concept of the
guides program is that, given the best information available, the grower
will make inrelligent decisions thar will be in his own best interest and
that of the industry. Compliance with the guides is voluntary. Probably
because the grower feels that he as an idividual producer cannot affect
the market price, plantings have tended to exceed the recommended
levels, The areas of specialized potato production have tended to exceed
the guide recommendations much more than other areas.

Markering orders and agreements have been operative largely
in -States producing lare-crop potaices. With a marketing order the
industry regulates handling and marketing mainly by prescribing the
grade, size, quality, and maturity of potaroes that can be sold. The
orders are designed to place a betrer product on the market, achieve
more orderly marketing, and result in higher prices and incomes 10

tato growers. In general the markering orders have beern regarded
faverably by the industry.

Government purchases of potawes for distriburion have been
relatively small, Qutlets for utilizing the acquired poratoes are limited.
Also, it is probable that donations, in effect, replace commercial sales
w0 some extent, Under Section 32 aurhority, 369,000 hundredweight of
1953 crop potatoes, 417,000 hundredweight from the 1961 crop, and
4,900 hundredweight from the 1963 crop were purchased for use in
school lunches and distribution two other outlets, Expenditures for these
purchases amounted to $488,000, $697,000, and $8,100, respectively.

Diversion programs for potawes have been operarive in many
marketing seasons since the end of the price-support program. The
Government s policy generally has been to operate these programs on a
year—-to-year basis and only upon urgent request from growers in dis-
tressed areas. The objective of the program is ro divert less desirable
potatoes to nonfood uses. Payments were made for diversion of potatces
of U.S. No. 2 grade or better; no payments were rmade on culls.

Abour 65 percent of the potames diverted during 1933-64 qualified
for diversion payments (table 21}, Quanrities diverred ranged from 1.2
million hundredweight in the 1934 crop year ro 29,3 million hundred-
weight in 1961, Net cosrs of the diversion program varied from $217,000
in 1954 to $10.1 million in 1961,

Diversion activity was largely concentrated inareas thatwere using
marketing agreements and orders. Diversion was heaviest in years of
unusually large supplies, and some of the potatoes that were diveried
probably would not have been marketred anyway. Nevertheless, the diver-
sion program, by removing potawes from commercial trade channels,
had an effect upon prices received by farmers.

In addirion o those programs specially oriented to potatoes, ather
more general USDA acrivities such as the Plentiful Foods and Food Stamp
programs have affected potaro marketing to some exrent,

The Plentiful Foods Program is designed to stimulate the movement
of food products in heavy supply through cooperarive USDA- industry
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Table 21--Potatoes: Summary of diversions to livestock feed;
starch, and flour, 1953-65 1/

Quantity
Starch and flour

Expenditures 2/

' Livestock @ Starch
Total @ feed ‘and flour @ Total
* (spec. A) '(spec. A)’

1,000 1,000 1,000 1,000
cwt. cwt. cewt. dol. dol. dol.

Livestock feed

Spec. A Culls Spec. A Culls

1,000 1,000 1,000 1,000
cwt. cwh.,

1953
195k
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

3/
3/
ghé
1,689
1,58
9,716
4/
3/
8,937
739
1,051
b/
L/

3/
3/
600
1,687
2,299
3,299
L/
3/
4,060
838
1,387
b

/
¥/

2,525

723

6,339

10,915

3,771

7,984
L

2,358
10,498
2,517
1,875
L/

L/

859
498
2,390
4,379
4,448
2,457
4/
976
5,770
2,14p
1,376
L/

L/

3,38
1,221
10,175
18,670
12,103
23,456
L/

3,334
29,265
6,236
5,689
L/

L/

/
367

88l
217
2,815
4,330
1,710
3,194
4/
1,237
5,290
1,013
853
L/

L/

88k
217
3,18
4,999
2,41k

}] From reports of USDA Consumer and Marketing Service, Fruit and Vegetable Division. 2/ Payments
were made on specification A potatoes only. = 3/ No potatoes diverted to livestock feed. ~k/ No
diversion program in operation.




informational and promotional activities, The principal techniques are:
(1> The publication of a monthly plentiful foods list, which goes to food
distributors, foed editors, and foed service operators, and (2) special
merchandising programs to enccurage the movement of a particular food
through the market, The monthly plentiful foods list included potatoes
repeaézdly when they were in relatively heavy supply in 1961, 1962,
and 1963.

The Food Stamp Program was initiated on z pilor basis in m.d-
1961 and tesred in eight economically depressed aress in the United
States. The purpose of the test was 10 determine whether such an ap-
proach could provide better nutrition for needy families, and to pave the
way for making more effective use of ourfood supply. Reese and Adelson
{34y showed that parrticipating families in & major city increased their
consumption of potawes moderately during the initial survey period (April-
ifay 1961 1o September-Ocrober 1961), However, in a zural county
surveyed in the same general area, but where the families were using
more foods produced at home, or received as gifts or pay, consumption
of potatoes during the program period did nor increase.
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APPENDIX

Demand for Storage

The toral demand for potaioes in early seasons of the year includes
demand by consumers for potatoes {or food plus demand by storers for
changes in storage holdings. The demand for storage arises to aCCommon
date the imbalance berween producrion schedules and desired consumption
plans, Decision-making by storers of potztees involves (1) the quantity
to store, {2} the timing of movement out of storage, and (3) the change
in value of stocks for specified time intervals (19). As the swrage season
for potawes progresses, changes in market price become known to the
storer. Thus, recent price movements are assumed ic be a principal
factor in storage decisions. Forexample, one can hypothesize that market
prices for potatoes are observed by storers perioaically, perhaps daily,
For relatively large changes in price over shortperiods it ¢can be assumed
that subsrantially increased acrivity in movement of sworage supplies
occurs. For smaller changes in price over longer periods, the direction
and magnitude of sustained price ciange influences siorage movement.
This will be discussed in this secrion.

Other imporrant factors believed w affect storage holdings are
{1} velume of storage potatoes usedby processors and (2) initial quancities
of fall poratoes available for storage.

Thus, the strucmiral relarion for demand for storage stocks of fall
potatoes can be written
3
Scmap+ bl}%l(pi‘Pi-«l}“‘b2 Cfrl+b3 Sy« Lig (30)

where —

S¢ = Estmated quantity of potajoes In swrage May 1, chiefly for
food; million hundredweight.

5
£1 (P -Pi_1)= \ constructed price variable, representing sustained monthly
price changes in one direction only, for potatoes at the farm
level, lfor the period Movember through April, divided by
index of consumer prices, 1947-45'00; cents per hundred-
weight Values of i designate price, P, in the particular
monrh: i=zl=December, i=2aTanuary.................1=3=April,
Monthly price changes in any swrage season are included
only if at least rwo consecutive changes cccur in the same

direction.
Cfrl = Percentage of total food urilization of putatoes processed into [ood
products,
5j = Estimarted per capita storage stocks of potatoes, January 1, as

reported by Stadstical Reporting Service; pounds,
Uy = Residual term in period ¢
Analysis of storage stocks of potatces at any point in time is
concerned with amount of stocks held, Thus, analysis of siorers’ behavior

considers how storage holdings change in response 0 sustained price
changes in a given direction, Pasour and Schrimper (32), basing their
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stdy on demand elasticities for apples, have shown that when a current
price change was accompanied by a change in price expectations in the
same direction, a given change in price wasfound to have a greater effect
on the expected rate of return for shortperiods ==from 1 o 2 months - -
than for longer periods, Part of this resultis due to the larger proportion
of total demand arising from storage activities for short periods than for
longer periods, From this they concluded that movementof storage sweks
responds more 10 price change in the shortrun than in the long run, Also
they indicated that one can easily conceive of the situation where a change
in current price would be accompanied by achange in the opposite direc-
tion in price expectations in fumire periods. A stock relaticn where a
current price change is accompanied by a change in price expectations in
the same direction is given by

Sy= fP 0% B(F,,1>0) (31)

where «-
Pt = farm price of potatoes in the current period
Pyl = farm price of potatoes in the future period

Similarly, a stock relation where a current price change is accompanied
by a change in price expectations in the opposite direction is expressed
as

Sy = [P 0% g(Py, 1<) (32)

In practice, a price change in a very short time period is often
viewed as being temporary. Or, the price change in the current period
holds greater weight in decision-making than an expected price change in
the future. This provides the impetus for changes in storage holdinge of
poiatoes, However, decision-makers may revise their expectations upward
or downward, based largely on the direction and magnitude of sustained
price movements and the magnitude of the most recent change. When
prices have moved in one direction for an extended period and the most
recent price change is small, there is considerable likelihood that price.
expectations will change in the opposite direction, In practice, data on
flow of stocke indicate that a recent small change in monthly prices
following 2 sustained price change of substiantial magnitude has been
followed by a change in price expectations.

The rationale for the hypothesis of a change in price expectations
in the opposite direction stems from rhe following:

The assumption is that higher prices now influence storers to sell
potatoes pow for & relatively high net rewurn, rather than waiting and
consequently risking a lower or zerc net rewrn. Increased salee now
will be followed by a decline in price. Conversely, low prices now influence
storers to hold potatoes in storage now with the expectation of a higher net
return at some future date. Decline in storage movement now is expected
to be followed by a rise in price.

We asaume the following to hold;

[perPgla [9>Qgl =[x PR3] [pi¢Pg]
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-current price

season average price

current sales out of storage holdings

average sales in a subperiod

current net return {over and above marginal cost of storage)
average net return {(over and above marginal cost of storage)

As a pracrical marter, eXcept in extreme cCases, SIOTers do not
hold all of their potatoes for long periods and sell none, or sell all of
their potatoes in 24 hours and have none t store thereafter, A more
realistic asgumption is that marketings are at fairly high levels and con-
tinuous during much of the storage season, but sustained price changes
have the effect of speeding up or slowing down cut-of--storage movement,

No special account has been taken of futuree trading in potatoes
in the analysis of storage demand, Yet storage is affected to some extent
by users of the futures market, whose actions may alter the timing and
rate of movement of potatoes.

Tutures prices themselves, which represent the composite judgment
of traders as t© the probable cash pricesat the respective maturity dates
of the contracts, have an effect on the demand for storage.

Fuwres trading facilirates storage of potatoes by praviding a vehicle
for hedging, Hedging is used as a means of reducing price risk. When the
storer sells potatoes shart under the selected furures contract, he knows
what his price will be; consequently, he may stoYe more potatoes than if
he had to assume the full price risk.

Wesson (64) has shown that changes in cash prices for Maine
potatoes atv local shipping points were generally associated with similar
changes in prices of potaw futures contracts on the New York Mercantile
Exchange. This association is represented by the legal right of delivery
thar futures contracts always have; with a few exceptions (one of which
is mentioned below), the carrying charge accounts for most of the dif-
ference berween cash and futures prices.

In general, the actions of grower-shippers or others who carry out
hedging transactions in potatoes may be expressed as foilows:

(Fiyp = Cp -M+X=0 {34)

where -
Fra = furures contract price for delivery in period t+1.

cagh price in period t.

marginal cost per unit of rent for storage space, handling
charges, interest, insurance and spoilage.

marginal convenience yield.
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Futures prices may not always be higher than cash prices. As
stated by Working {67), it is possible to have a situation which represents
““inverse carrying charges'' (where the futures price is beilow the cash
price, or prices of deferred futures are below those of near futures),
The marginal convenience yield enters ag a strong factor. This sitvation
may occur where an ‘‘unexpected increase in demand’ for current use
develops,

Tables _{E‘ Actual and Estimated Values

Tables 22 through 25 give actual and estimated values of the
endogenous variables used in each of the four statisrical models. The
estimates are derived from both structural equations and reduced-
form equations for the late summer and fall, winter and early spring
and early summer models. For the late spring model, only the reduced-
form equations fitted by least squares were used to obrain estimates,
since the equatione were ‘‘just ideniified” {(see p, 30 for criteria of
identification),

Comparisorn of the actual and estimated values for the period of
fit (1947-60} in effect tests the explanatory ability of the statisrical
models, Thus, in this sense the variables in the models attempt 1o
‘“explain’’ why changes have taken place in the past, Changes occcurring
in 1947-60 were grear enough to provide a challenging test of the ex—
planatory ability of the four seasonal models. Government programs for
disposal of potaroes were in force during 1947-50. Almost no Government
programs were in operation in 1951, 1952, and 1959, Changes in location
of production were significant, Also, changes in cost and technology
occurred during this period. The four statistical models were found to
be very satisfactory for explaining the demand and price strucrire for
the potato economy, given certain stated economic and statistical
assumnptions. )

Data Used ﬂ Four.Statistical Models

The data used in fitting the respective staristical models are given
in rables 20 through 29. The variables for each of the models have been
defined in the respective sections that discuss the structural demand
relations for the given model. Symbols for each variable are given in
the boxheads of tables 26-29 so that identification of the variables in the
tables can be made with variables given in the structural relarions. The
data generate a measure of ‘‘real price’’ at the rerail and farm market
levele gince actual retail and farm prices are divided by the BLS consum-
er price index. Also, the data are used as a 'measure of *‘real purchasing
power’' by dividing actual consumer disposeble income by the BLS
consumer price index. The measure of''real marketing costs’® is obtained
by dividing marketing costs by the index of wholesale prices of all com-
modities. This is because wholesale prices are assumed to be the best
indicator of changes in marketing costs resulting from changss in the
general price level,

Per capita consumption series are ochtained by dividing the quantity
series by popularion eating out of civilian food supplies. Per capita dis--
posable personal income is computed by dividing toral income by total
population, including armed forces overseas.

In general, dara for each statistical model begin with different
initial seasons, Data for the late summer and fall model begin with
August 13; for the winter and early spring model, January 1; for the late
spring model, May 1; and for the early summer model, July 1. :
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Table 22.--Model of late summer and fall potato markeh:; Actual and
estimated vaiues of the endogenous variables, 1947-60 1/

H

Estimated

; Reduced-form . gyryetursl equations

equations

Item and Year rActual;

:Limited: ‘Limited: TWHO~ .

sinfor- : Least .inpep ; Stege . least

smation :5GUBTeS.parion . least ,squares
" . .Squares,

:Pounds Pounds Pounds Pounds Pounds Pounds

Congungption for food,
per capita, Cp:

gkt ;81;.18 83.88 B84.53 83,58 83,62 B3.46

1548 : 79.23 79.52 7875 T79.71 79.67 79.81
1949 : 78,59 T7.29 79.15 78.6hk 7869 78.53
1950 . 82,81 B83.09 82.23 83.48 83.87 82.66
1951 : 78.79 T9.26 78.85 B0.80 Bo.67 BLAT
1552 : Bo.s7 8l.05 8rL.05 77.3% 80,17 79.35
1953 : 85,80 84,81 8s5.1h 86,33 B6.94 8LEB
1954 : 83,39 81.86 82,92 82.09 81.98 82.37
1955 : Bi.21 81,52 Br.51 82,94 B3.08 82,53
1956 : 81,74 82.6% 81,77 B8o.75 8o.71 B0.88
1957 : 80.95 79.85 80.87 8o0.76 8062 81,15
1958 : 82,61 8h.15 83,50 8k.0o7 8h.35 B3.32
1959 ; 83.59 B2.86 B8z.k5 82.39 82,36 B82.46
1960 : 83.63 8s.52 8h.o9 8k.iz2  Bhk.ol Bh.yl

Conaumption for livestock :
feed, per capita, C.: :

£
1947 : 9.09 9.27  9.4h 9.38 939 9.69
1948 : 10.18 9.58 9.95 9.k6 9.46 9,56
1949 + 10.27 10,49 10.25 $.99 9,99 9.99
1950 : 10,95 11.20 10.83 11.%3 11,51 10.73
1951 : 7.09 6,88 6.9 .76 7.77 1.8
1952 « 7.94 9,00 8.3k 6,89 6.9 7.46
1953 : Q.77 10.23 9,59 11.0%1 11.00 10.61
195k i 9,21 9.00 8.71 B.36 8.36 8.52
1955 : B.79 8.959 8.08 9,01 3.0L 8.94
1956 : 11.1% 10,43 10,61 10.38 10,38 10.28
1957 : 7.58  8.63 7.81 8.91 8.91 9.05
1958 : 9.9% 9,5 10,19 10,05 10.08 9.64
1/ BSee footnotes at end of table 1k, - Continued
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Table 22,--Model of late sumer and fall poteto market: Actual and
estimated velues of +the endogencus variables, 1947-60 1/=-Continued

H Estimated

Reduced-form
eguaticns
Actunl: : :
\Limited sLimited: ¥o~
1infor- sinfor- 3 stage
‘ N ' least

tmation rmation fsquares

1 Structural equations

Ttem and Year

AR AR BE AL de Ak

. * .

T TR L T TR T A R TR RN TR T T

:Pounds Pounds Pounds Pounds Pownds Pounds

Consumption for livestock :
feed, per capita, Csy: :

1959 : 9.06
1640 : 8.16

Consumption for starch
per caplta, C.:

5
1947
1948
igho
1950
1951
1952
1953
1954
1955
1956
1957
1956
1959
1960
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Sam

:Dollsrs Dollare Dollars Dollars Dollars Dollers

Farm price, per hundred- :
weight, P_: :

£
gLt
19h8
1949
1550

1/ See footnotes at end of table 1L, - Continued
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Table 22,--llbdel of laote swmmer and fall potato market: Actusl and
estimated velues of the endogenous variables, 1947-50 1/--Continued

Estimeted

ma aa s wn

Reduced-fornm Structural eguations

A T T

. equations

‘Tham ond Year thotual: : :
: :.. : :.. :Tm)—
: :Limited: :Limdited: :
t rinfor- : Le:“t rinfor- 3 itug: : Least
H smabion :TORRTES pation ; —oA8ST . Squares
i . : : Isquores |

:Deollars Dollers Pollars Deollars Deollars Dollare

Farm price, per hundred-

weight, Pf: H
1951 : 243 3.30 2.77 1.7k 2.h6 2.47
1952 : 272 1,99 2.01 2.35 2,53 2,40
1953 + 1.07  1.10 1.k 1.32 1.08 1.03
1554 + L.87 1,78 1.71 1.28 1,58 1.53
1955 : 1.6 1.69 1.7% 2.35 1.53 1,38
1956 : 1,33 0.90 1.28 1.55 1,62 1.57
1957 T £.30 1,7k 1.57 1,92 1.57
1958 : 0.98 0.85 1,01 1.13 1.22 1.16
19559 : L.77 1.96 1.96 1.65 1.81 1,76
1960 : 1.5%  1.70 1,58 1,43 1.86 1.8

: Cents  Cents Cents  Cents Cents Cents

Retail price, per 10~ H

pounds, P.: H
1gh7 : sk 53,5 51.6 54,8 3.5 53.h
1948 : 51k 51,8 54.3 52,6 52,6 52.6
15hg : Wr.7 s1,6 45,7 b7 b 52.2 3.0
1950 : 39.6  ho.7 .7 8.3 3.6 k2.1
1951 : Sh.6 59,3 58.8 51.7 53.2 33.5
1952 : 61,5 50.6 S1.5 52.9 58.2 60.1
1953 : 39.7  Wh,7 45,3 40.8 k3.3 ka2
1954 ;: 48,9 Lp.6 k7.0 b8, 4 51.3 52.1
1955 : k.9 bg.0 kg1 8.6 47.0 L6,8
1956 ¢ 86 W32 hy.2 k9,5 is.6 b5.0
1957 : 911 353.8 51.9 kG2 k9.9 50.5
1958 :+ B33 43 43.h k9,7 52.8 hi.7
1959 1 S52.% 81,0 50.5 k7.3 50.1% 50.6
1550 : 53.2 Lko,1 53.2 48,2 52.7 ky.9

;/ See fooLnotes at end of table 14,
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Table 23.--Model of winter and early spring potato market: Actual and
estimated values of the endogenous variables, 1947-60 1/

Estimated
Reduced-form H
equations

Limited
infor-
mation

Structural equations

Two~ :

stage : Least
least H squares
squares

Item and year f Actual Limited

infor—
mation

Least
squares

Dollars Dollars Dollars Dollars Dollars

Farm price; per hundredweight:
Winter and early spring potatoes,
P51:
Igh7
1948
1949
1950
1951
1952
1953
195k
1955
1956
1957
1958
1959
1940
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Storage potatoes (January-April),
Pryt :
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Table 23.--Model of winter and early spring potato market: Actual and
estimated values of the endopenous variables, 1047-10 1/-— Continued

Estimated

Reduced-orm
equations :
Limitea = ° Limited

Least
infor~ infor-
mation squares mation

Structural equations

: Two- :
H stare : Least
$ least : squares
: squares :

Item and Year

Actual H

Dollars Dollars Dollars Dollars Dollars Dollars

Farm price, per hundredweight:
Storare potatces (January-April),

P

1

1953
105k
194%
1956
1957
10954
1959
190

2,19
0.35
1.01
1.06
1,08
2.10
0.9
2.05

o ..

.
-0
wwo &En
Dm's
BRREF

....

Q £ 4+

N

D

O b b
=W

Foan

S rrrorMRH

E ovmwooam
2 NP ADZGD

S mrrorvER

g
[=%
7]
g
[
=
o
©

se se sui g ss se se s se ss se as e s 2 se wh fen sd ee eu db we ad

Fall potatoes in storare, per capita,
May 1, §:
1947
1-)1‘ (3
1949
1750
17%1
1952
1353
1054
1155

1957
1047
1959
1970
17 See tootnotes al end of table 15
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Table 24.--Model of late epring potate market: Actual and
estimated values of the endogenous varisbles, 1947-60 _J;/

Estimated

tem and year Reduced-form equation -

leaet equares

Dollers

Farm price per hundred-
waight:

late spring pobatoes,

Looh gy
oo

Storage potatoes
June}, Pfp

'
=

SELBLIDL AR FE BE
Mg+

+

8\DWKOM—JL-U ?U\U‘lﬂ’\gl—‘\-ﬂ

FHRPOWERMHFWE WD D
B o oo os

O QRO R W D

See footnotes nt the end of table 16.




Table 25.--Model of early summer potanto market: Actm}l and
estimated values of the endogenous variables, 19l7-50 1/

Estimated
Reduced-form :
equations :
Limited : H Limited : Two-stage
infor- : sLigizs H infor- : least
mation q mation : squares :

Dollars Dollars Dollars Dollars Dollars Dollars

Structural equations

Item and year
Least

squares

Farm price,per hundredweight:

Early summer potatoes, Ps

3

1ghy
1948
1949
1950
1951
1952
1933
195k
1955
1956
1957
1958
1959
1960

FRORFWRD WD =D N
WA AT ROAD O =J W ~3\0 = O OV
£ 0WW W W W 5000w

CON WO W - )OO MNW O
QENIVETNIFPIWOO0W

2.62
2.h6
2.25
1.74
2.06
3.98
1.38
2.22
1.4
4.10
1.50
1.20
2,13
1.79

ONMNFMDNDND NN NN
AQ M B ETO- OV~ (DWW H\D
WO OGO FWwiHW-J &un &
AN R0 RN RO N 0N
R W RN R SN DY
PR W DR SN0

Late spring potatoes, (July-
August) P52(5)

k7 : ; . . . 2.72
1928 : .39 . . . . 2.4k
19k9 : .2 . . 2. . 2:33
1950 : . . . . . 1.64
1951 : . . . . . 2.28
1952 H . . . . 3.71
1953 : . . . . 1.39
;/ See footnotes at end of table 17. = Continued




Table 25.--Model of warly summer potato market: Actual and estimated
values of the endogenous veriables, 19%7-60 ;/—— Continued

: Estimated
Reduced-form :
equations H
Limited : : Limited : Two-stage
infor- : Lﬁ:Sts : infor- : least 3
mation Square mation : squares :

Structural equations

Item and year f Actual
: Least
squares

Dollars * Dollars Dollars Dollars Dollars Dollars

Farm price per nundreédweight:

Late spring potatoes, (July-
August) 932
&)
1954
1955
1956
1957
1958
1959
1960

Late - summer potatoes, (July-
August) P
lS

P
OGN

!‘omQ\n&mm
8w\nw\n oo

A WD
PR VAN |
!\)’\)!—‘Pw!—‘f\)

w
[

19h7
1948
1949
1950
1951
1952
1952
1954
1955
3950
1957
1958
1959 :
1960 :
See footnotes at end of table 17.
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Table 26.--Data used in the S-equation lute summer and fall

model for potatoes, 19W7-60

Consumption of late summer

and fall potatoes for —

Livestock

feed 2/

Starch

3/

c
s

Consumption

of late
summer  and

fall potatoes

for food;

lagged 1 year

t-1

Percent of
late summer
and fall
production
processed into
food products

Supply of
late summer
and fall
potatoes
for food, feed,
and starch U/
“fr ; -(8+R)

14T
1948
19kg
1550
1951
1952
1953
1954
1955
1956
1957
1958
1659
1960

Million
hundred-
weight

Million
hundred-
weight

" Million
hiitdred-

veight

121.3
116.0
117.1
124.8
120.0
12h4.8
135.3
13k.0
133.1
136.5
137.7
k3.0
ih7.2
gy

13.1
1.9
-15.3
16.5
10.8
12.3
15.4
14.8
1k
18.8
12.9
17.2
1.2
1h .6

'
.
7.
13.
2
10.
10,
6.
8.
18.
12
18.
7.
10.

10— 31 C N DO o

Million
hundred-
weight

131.9
121.3
116.0
117.1
124.8
126.0
124.8
135.3
13k.0
133.1
1356.5
137.7
143.0
k7.2

Million

hundred-
Percent weight
138.9
132.2
140.2
154.3
133.6
1k7.9
160.9
155.4
156.2
173.h
163.3
178.6
169.1
L7k.5

COCW WO NG O~ OVvOWwW o w
O O O ONW GVOMWD 2 VNG

b

See footnotes at end of table.

-Continued




Table 26.--Data used in the S5-equation late summer and fall model for potatoes,
1947-60 =Continued

Price of late summer and

fall potatoes— Index numbers (1947-49=100) of—

. : R H : Consumer
: . Priceof . Refail e Cost of ~ : disposabls

: : Farm, per : Retail, per : feeder , prices od : marketing income,
Year . pyndredweight : 10 1b. bag steers, ; processe late summer : July-June

. . October 1 . plate :
4 . é/ . 7/ ! vegetables and fall

potatoes

Pf : ppv : M
s

Billion
Dollars dollars

.68 179.1
48 . 192.4
.OL . . 195.1
4 . 218.5
75 . 232.8
.01 . 2l h
18 . 254 .2
06 . . 263.4
63 . . 284.1
55 301.8
.99 312.4
17 328.6
.11 343.8
355.7

19h47
1948
19kg
1950
1951
1952
1953
195k
1955
1955
1957
1958
1959
1960

O DW= DD

=
(02}
\

See footnotes at end of table. - Continued




Table 26.--Data used'in the 5-equation late summer and fall model for potatoes;
: 1947-60 -Continued

Consumer price index, : Index numbers of wholesale
1947-49=100 : prices, 1947-49=100
(January-December) H (January-December)

Population, 4
January 1 (following year)

. : : X Eating

August- July- . August- ; January- . out of
April : June . April . December . civilian
: : : supplies

Million Million

Total

96.4 . 145.5
10l.4 . 148.0
99,2 150.6
103.1 153.1
114.8 155.8
111.6 158.4
110.1 161.1

19ky g 99.5 99.6
1948 : 103.2 103.1
19kg : 101.1 101.2
1950 : 107.2 107.4
1951 : 112k 112.4
1952 : 11k.0 11k.0
1953 : 115.0 115.0
195k : 11k;5 11k.5 110.3 16k.0
1955 : 114.8 11k.9 110.7 166.8
1956 H 118.1 118.3 . 114.3 169.8
1957 : 122.0 122.2 3. 117.6 172.7
1958 : 123.8 123.8 . 119.2 175.9
1959 : 125.5 125.6 . 119.5 3 178.6
1960 : 127.0 127.2 . 119.6 179.0 181.5

R TRV RO R RGN

.0
-7
-3
-9
-7
-7
-9
.0

1

1
.1

1/ Consumption for food includes fresh, chips, canned, dehydrated and frozen. 2/ Includes shrinkage and
waste on farms where grown, 3/ Estimates taken from supply and distribution tables, 1947-50; from crop
disposition reports, 1951-55; and from Utilization of Annual Crop with Comparisons, 1956-60. E/ Q represents
gross production; Sy represents utilization for seed; and R represents Government activities, net exports
and military procurement. 2/ Season average price received by farmers. §/ From reports of Bureau of Labor
Statisties. Retail prices previous to January 1955 were adjusted from a 15-pound basis to a 10-pound basis,
Z/ Index of prices per hundredweight of stocker and feeder steers, good, 500-800 pounds, Kansas City.




Table 27.~-Data used in the l~equation winter and early spring model for potatoes, 1947-60

H : s : : Prices received by farmers
Storage stocks : per hundredweight —

i

Consumption : Percent H : ¢ Sustained
Consumption @ of fall 3 : B of total : : : monthly
of winter 3. (storage) : Fall Fall : food : : Fall : price
and early @  potatoes ! potatoes ! Dotatoes : utilization t - (storage) change
spring : for food, H in : in : processed H ¢ potatoes, : for fall
potatoes :  January- H storage, : storage, : into : ¢ January- : (storage)
1 April * Jamuaryl ¢ Myl : food : : April - : otatoes,
2/ : : 3/ : products ‘ 17 : November~
: : : : : April 5/
Py

r 1 ; B Sme

Q : Crl : 53 : Sy : Cr

8
1 : :

Million Million Million Million

hundred~ hundred- hundred- hundred-

weight weight weight weight Pe;cent Dollaers Dollars Cents

115.3
93.1
110.0
106,k
111.6
69.2
81.2
91.8
88,2
86.0
100.6
92.7
107.9
99.4

1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
19¢0

3.5 2.94 1.95 +26.0

. k.23 2,95 42,0
3.61 2.7 460.0
2.79 1.95 -15.0
2,70 1.5 +30,0
b1k 3.37 +86.0
2.95 2,50 -51.0
2.39 98 -54.0
3.62 2,18 +18.0
ER 1.91 +140.0
1.98 1.28 -37.0
2.9 2,58 461.0
2.(6 1,16 -17.0
3.4 2.58 +134,0
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1/ Adjustment made, 1947-50, for removal of potatoes under Government progrems.

2/ Derived in the following manner: (a) Start initially with storage stocks reported January 1, (b) -adjust for disappearance
under Govérnment programs, largely for feed, (c) adjust for disappearance under private disposal for seed, feed, starch, net
exports, and military purchases, (d) adjust this estimate by the ratio of shipments of storage potatoes, January 1-April 30, to
total shipments of storage potatoes; January i-~June.30,

3/ Derived by the same method given in footnote 2 except for (d) carry out the following step: Use ratio of shipments, May l-Jime 30
to total shipments January 1-June 30, to determine share of storage potatoes on hand May 1, ~Continued




Table 27.-—Date used in the h-equation winter and early spring model for potatoés, 1947-60 - Continued

i Index of wholesale °*
* pricesy 1947-49=100 °
{ (Jenuary-December)

Population

Index Jonuary 1

numbers Dj.' sposi-

Consumer = % of -~ tion of

dizposable : storage
in;:.:?e 5 P parketing p‘c;;;.:ge s neous uses;
quarter : {gﬁ;&ﬁ: * i Government as.ggllosse
. - :  programs; ?

100‘, January-

January= January- ¢ April

December April :

Dy : M : Gp : R

Disap-
peerance of |
*  potatoes ]
. for miscella-

Consumer
price
index,

1947-hg=

100, H H :
(January- : November @ ¢ Eating
December) : to ¢ January— ¢ out of Totel
January- :  April : December : c¢ivilian :
: . April : H

cost of

Wilion Million
Billion hundred- hundred-

dollars weight weight

igh7 : 167.5 89.6 39.8
1948 179.5 102.5 37.7
19%9 190.6 107.9 35.6
1950 : 200,9 108.7 29.9
1951 : 219.8 k.1 28,7
1952 3 232,1 119.1 27.9
1353 : 250.0 122.0 32.5
1954 : 254.6 123.0 29.9
1955 : 263.8 122.6 28.9
1956 : 2831 126.0 32.k
1957 : 3025 133.0 34,0
1958 : 3114 133.8 29.1
1959 s 329.6 132.h 33.9
1960 3440 132.5 30.1

n

.
0
w

.

Pl
BR

U0 =00 oW RO

8.3
8.3
1.6
5.5
5.2

111
5ERe

=
33

W o
O\ O\ O Co
EEEEE

L4/ Weighted average of prices received by farmers for January-April.
2/ Sustained monthly price change in a given direction. November and Decemberdata are forthe previous year: See text and

appendix for explanation.




Table 2.-Data used in the Z-equatlon lete spring model for potatoes, 1947-60

: Prices . . H : s
received by farmers, . ! . : Population April 1

Consump- : :
v per hundredweight — - | Index

-t tion : : : :
Consump - Constimer numbers : Consumer

tion f ,(o€~fall) : : ! disposa- ° of : 'price
of late ! stoiag: : : Fall : ble : wholesale ; 1ﬂde§:
spring ! potatoe : Late . (storage) . incomé, ' ' prices of all 1947-49=

EA food, : : : s : i
potitoes : ;:r_Jgge, " spring.  potatoss - 2nd P commodities . 100 : Eatlng
i/ . v . potatoes . May-June , quarter 19h7-hg= anuarys ° out o
: 2/ : : 3 : : 100 ¢ December) : civilian

: : : : ¢ May-June - ! supplies
. . P . P D, . M2 . . =
QBQ : Q’fe : Sp ' f2 2 : ;

Million Million
hundred- hundred- Billion
weight weight Dollars Dollars dollars Milljon Million

164.8 9.4 . 141.8 3.4
188.8 104 .4 . 1,6 146.0
190.2 99,2 . k7.0 148.6
201.7 103.1 . 149.6 151.1
226.4 114.8 . 150.7 153.7
£35.6 111.6 .2 152.7 156.4
250 % 110.1 . 155.5 159.0
254,38 110.3 . 158.4 161.8
272.0 110.7 . 161.5 16k.5
288.8 114.3 . 16,6 167.5
308.0 117.6 . 167.¢ 170.5
31h.2 119.2 .6 170.8 173.k
338.0 119.5 . 173.8 176.4
349.6 119.6 6. 176.8 179.2

19h% 2.57
1948
lokg
1950
1951
1952
1953
1054
1955
1650
1957
1958
1959
1960
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}/ Adjustment made, 1947-50, for removal of potatoes under Government programs.
g/ Derived by the same method as given in footnote 2, table 27, except for (d) carry out the following step: Use ratio of

shipments May-June to total shipments January-June to determine the share of storage potatoes used for food, May and June.
3/ Weighted average of prices received by farmers for May-June.




Table 29.--Data used in the 3-equation early summer model . for potatoes, 1947-60

. : : : Prices received by farmers,
Consumption Consumption . Consumption : per hundredweight —
of : of : of . - .
early summer  late spring | late summer Early : Late . Late
potatoes . potatoes . potatoes : summer . apring . summer
for food 1/ | for food 1/ ! for food 2/ } potatoes ° potatoes 3/ potatoes 4/
Q82 . : Ps3 : Psz(s) : Pls

Million
hundred-
weight Dollars Dollars Dollars

2,94 2.30
2,50 2.35
2.24 2.11
1.68 1.85

1.€61

22,4
23.6
25.3
25.6
20.5
22,4
27.7
22,1
2h.0
21.8
27.1
23.7
22.6
26,4

16k

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
19€0
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l/ Adjustment made, 19h7-50, for removal of potatoes under Government programs,
g/,Estimated from disappearance data by applying the ratio of shipments July-August to total shipments to get
share of consumption for July-August,




Table 29,--Data used in the 3-eguation early summer model for potatoes; 19U7-60 —Continued

Index
rnumbers of

Consumer : Index ¢ Consumer price index,

: : 1947-49=100 :
di bl b
;gzzie ° o g?mcgig :__(Jenuary-December ) ¢ wholesale
3rd ' . ng%%%%%%%ng . : : prices, 3 Eating
quarter $1947-49 = 100 *  guiy- ' Jenuary- | 1947-49=100 [  out of
D3 . M3 ¢ Avgust | December [ (Janunary- ! civilian
: . : December ) *  supplies

Population July 1

Billion
Dollars Million Million

1947 : 172.
1948 : 19k,
1949 : 188,
1950 : 210.
1951 : 229,
1952 : 2kl
1953 : 253.
1954 : 25€.
1955 : 2717.

6.4 k2.6 k.1
10L .k 145.2 146.6

99.2 147.6 ilkg,2
103.1 150.2 151.7
114.8 151.1 154 .4
11L.6 153.4 157.0
110.1 156.0 159.6
110.3 159.1 162,k
110.7 162.3 1€5.3
1956 : 295. 114.3 165.3 168.2
1957 : 312. 117.6 168.4 171.2
1958 : . 119.2 1714 17h,1
1959 338.8 119.5 174.5 177.1
1960 : 35L.7 119.€ 177.4 179.8
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3/ Weighted average prices received by farmers for late spring potatoes, July-August.
_/ Weighted average prices received by farmers for late summer potatoes, July-August.







