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PREFACE 


This bulletin describes the major demand and price relationships 
for pota.toes in the four seasonal markets. It L,cludes certain back­
ground material on economic relations within the potato economy and 
examines historical trends in prices and consumption of potatoes. 
Also it summarizes a number of statistical analyses designed to pro­
vide measurements of elasticity, competitive behaVior, aild substitut­
ability for different crops of pota.wes. Finally, it furnishes estimates 
of prices and consumption for different crops of potatoes for the period 
of analysis, 1947-60; and comparisons of actual and predicted values 
for 1961, 1962, and 1963. 

An evaluation was made of the predictive ability of each of the 
four statistical models. Qualitative and quantitative tests were made of 
the accuracy of predictions from the respective models for 1961, 
1962, and 1963, all beyond the period of fit. 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 chani~e and 
absolute values of the price and consumption variables. 

This bulletin is intended to aid extension workers, Government 
officials, agricultural economists, representatives offarm organizations, 
and members of the industry, in obtaining a better understanding of 
the pricemaking influences in the potato economy. 

Information and assistance were obtained from man! specialists 
in the U. S. Department of Agriculture. Special acknowledg ~lent is made 
to Anthony S. Rojko, formerly Head, Price Research and Methods Section, 
Economic Research Service, for assistance in preparation of the manu­
script for publication. The author also is particularly indebted to 
Donald S. Kuryloski, Economic Research Service, 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 that improved the sections on substitution 
and competition and on storage demand. Ernest J. Holcomb, Consumer 
and Marketing Service, Oakley M. Frost, Statistical Reporting Service, 
and Will M. Simmons, 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 utilization model for the late summer and 
fall crop and three models for the early crops (winter and early spring, 
late spring, early summer). The basiC difference between the 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 competition and substitutability between different 
types of potatoes in the three early markets. 

The analyses in this study are designed (1) to give quantitative 
measurements of price and demand relationships for the different 
seasonal crops of potatoes, (2) to give estimates of price and income 
elasticities for each crop, (3) to examine price and demand for potatoes 
by use, (4) to provide a basis for measurement of degree of competition 
and substitutability between different crops of potatoes, and (5) to 
predict the values of certain economic variables in the potato industry. 

Some of the findings and cOliclusions relating to consumer demand 
for different types of potatoes with respect to prices and income are 
as follows: 

Consumer response during 1947-60 varied from an elastic demand 
of -2.6 for winter and early spring potatoes to a markedly inelastic 
demand of -0.2 for late summer and fall potatoes. Thus, winter and 
early spring potatoes may be said to have a unique demand because of 
the seasonality factor. During the same period, consumption of late 
spring potatoes tended to increase 0.6 percent on the average for each 
1 percent decrease in fartn prices, assuming no change in the other 
factors. Also, consumption of early summer potatoes tended to increase 
0.7 percent when farm price decreased 1 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 crops of potatoes, 
reasonable estimates of income elasticities were obtained, but in most 
instances the income coefficients were not statistically signif icant. 
In addition, there appeared to be 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 to measure the degree of competition 
and substitutability between different crops of potatoes in different 
early markets. The results showed a positive and relatively high cross 
elasticity for each crop of potatoes competing in a given seasonal 
market. It is concluded that a moderate to substantial degree of sub­
stitution takes place in a 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 growr. 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, shan-run variatiuns in 
supply are distributed among the different outlel[s according to the 
comparative price elasticities of demand. This study showed that price 
elasticities for different utilizations of late summer and fall potatoes 
during 1947-60 were: Starch, -LO; livestock feed, -C.S; and food, ~0.2. 
Utilization is most variable in the outlet with the highest elasticity, 
which is starch; and least variable in the outlet with the lowest elas­
ticity, which is food. 

The statistical models generally gave satisfactory predictions for 
years beyond the period of fit. Comparisons for 1961, 1962, and 1963 
showed that the late summer and fall moqel was the most accurate in 
predicting both direction of change and absolute values of the dependent 
variables. Equa~ions in this model, fitted by least squares, correctly 
predicted the direction of change in each of 15 observations. 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 direction of change and abso­
lute values of the dependent variables for 1961, 1962, and 1963. Equa­
tions in this model correctly predicted four our of six directions of 
change and also gave relatively close estimates for prices of both 
late spring and storage potatoes. 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 potato crops with the same relative 
accuracy. 
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"DEMAND AND PRICE ANALYSIS FOR POTATOES 

By Olman Hee, Agricultural Economic Statistician, 
Economic and Statistical Analysis Division, 

Economic Research Service 

INTRODUCTION 

F actors affecting the price and demand for pota toes on a national 
level are identified and measured statistically, by use and by seasonal 
crops, in this bulletin. One or more seasonal crops may be supplied 
to a seasonal market. The seasonal markets examined are: Winter and 
early spring, late spring, early summer, ano late summer and fall. 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 to provide a basis for evaluating the 
results ,?f the statistical analyses. 

Thlsbulletin also examines possible differences in demand for 
fresh and processed potato products, even though some of these products 
are still too new to permit collection of historical data for formal 
statistical analysiS. 

Price structure and demand structure for potatoes have usually 
been studied separately in' the past. Forty years ago, Waugh (61) U 
used regression analysis to predict the price for New Jersey potatoes. 
This early study and others, such as one by Holbrook Working (66) on 
Minnesota potatoes, were mainly concerned with explaining price move­
ments and predicting prices. In 1938, 14 years after the early price 
forecasting studies, Schultz (35) 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 
respect to the inelastic nature of demand for total U.S. potatoes. His 
studies indicated the necessity of recognizing different uses for po­
tatoes. One of the objectives was to estimate demand relationships for 
potatoes for food at the retail level. For this reason, consumption and 
retail price were used in a formulation of demand for total 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 (1), Meinken (27), 
and Shuffett (~). measured the effects on farm prices of supplies of 

11 Underscored numbers in parentheses refer to items in the Liter­
ature Ci<ed, page 99. 
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two or more different types (crops) of potatoes. Meinken's analysis 'for 
New Jersey potatoes measured the effect of competing supplies from 
Long Island on the price of New Jersey potatoes. Shuffett's study meas­
ured the effects of early and intermediate production and January 1 
storage stocks of potatoes on January-July average price received by 
farm1:!rs. 

Gray, Sorenson, and Cochrane (IS) studied demand and price 
!'elationships for potatoes as a basis for evaluating the effects of the 
price support program. Using an assumed price elasticity of demand 
(basp-d 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 for increasing the demand elasticiry for potatoes, 
as well as a price support plan and an alternative pricing plan for po­
tatoes which were proposed as a means to reduce production and price 
variations. 

Simmons Cl£), in a 1962 study.. analyzed the impact of alternative 
Government programs on the eiasticity of demand for potatoes. His • 
primary concern was the problem of unstable prices and incomes faced 
by potato growers. He attributed the instability to the low demand 
elasticity for potatoes and rl-. large year-to-year variations in produc­
tion relative to the small yearly changes in demand. He presented re­
sults from several regressions which related prices co potato supplies, 
and potato acreage to price, using data for the period after World War 
II. 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 potatoes. Although his primary interest 
was to evaluate economic poliCies of concern to California pota to growers 
and to predict the California market, the 14-equation model which he 
fitted embrac.ed the U.S. potato industry. The model basically determined 
how the supply of the U.S. late summer and fall crop, the California late 
spring crop, and the late spring crop from other States was distributed 
among the total U.S. demand foT. potatoes for food and nonfood uses. Also, 
it diVided the marketing year into (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 nature 
of the California potato market. Further uses of the model were made to 
evaluate t':le economic policy of California potato growers and to predict 
the California market for potatoes. 

The present study differs from the foregoing st'.ldies in a number 
of ways, including the following: 

(l) A utilization model is formulated and statistically fitted for 
late summer and fall potatoes which assumes an interrelation between 
uses of potatoes for food, feed, and starch. 

(2) Three early-season 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 nontechnical methods. 

2 

http:embrac.ed


(4) Economic and statistical assumptions are given which are 
basic to the choic(~ of the particular model adopted and to the deter­
mination of the method of statistical analysis. 

(5) For particular models, several different estimation procedures, 
including limited information, two-stage least squares, reduced-form 
and orGinary least squares merhods are used to estimate the coefficients 
in the economic relations. 

(6) From these equations, estimates of price and income elasti­
cities are obtained for the different c:rops of potatoes that l:ompete in 
each seasonal market--winter and early spring, late spring, early summer, 
and late summer and fall. 

OJ Predictions, and tests of these predictionc, are made from 
the statistical models for price and consumption of the different types 
of potatoes 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 stated, are based on obser­
vations for the postwar period. 

ECONOMIC IMPORTANCE AND LOCATION 
OF THE POTATI) INDUSTRY 

The annual potato crop in 1963, in total 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 mmion (@. (In 1964, the total farm 
value of potatoes was $840 million, the highest in three decades, due 
to an unusually small crop.) In recent years, potatoes, in terms of 
volume, have ranked first in the United States among crops utilized 
chiefly for food in their initial state. 

Of the 239 million hundredweight of potatoes produced in 1964, 
about 83 percent was used for food either in fresh or processed form 
(.§2l. 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. About 9 percent of the 1964 crop was used for seed. This use 
shows relatively little variation from year to year. Shrinkage, waste, 
and loss made up about 4 percent of the production. Exports and imports, 
never large, involve trade 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, 
potato growing has become a large-scale commercial enterprise. Be­
cause of this and improved methods of storing and marketing potatoes, 
production is now becoming concentrated 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 tabula.tion 
below shows how the USDA Statistical Reporting Service classifies the 
different seasonal crops accordi:,g to the usual time of harvest: 

.Season:>1 Category Usual Time of Harvest 

Winter January, February, and March 
Early spring April 1 to May 15 
Late spring May 16 to June 30 
Early summer July 1 to August 15 

r'.} Late summer August 16 to Septr'mber 30 
Fall October, November, and December 

The beginning and closing dates for these seasons are approximations 
and there is some overlapping. The above classification has been in 
effl",ct since 1956 (52). Prior to that time the Crop Reporting Board used 
only three major seasonal categories: Early, intermediate, and tate. 

Early Crops 

The early crops--winter, early spring, late spring, and early 
summer--have remained an important part of total U.S. production 
from the early 1930's to date. In 1962-64, early crops comprised 16 
percent of total U.S. production (22 percent of total food use) (52). 
About half of these potatoes were from the late spring crop. From 
1947 to 1964, planted acreage of all E!arly crops declined by more 
than one-half, yield per acre increased by over three-quarters, and 
total production declined by about a seventh (table 1). Most of the decline 
was in the early summer crop. 

Winter and early spring croP9..---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 mar­
keted locally. This group accounts for about 3 percent of total U.S. 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 to a peak of 11.2 million hundredweight in 
1957,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 to 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 65 percent; Alabama and North Carolina together, 

·20 percent; Arizona, 10 percent; and 7 States in the South produced the 
remaining 5 percent. Although late spring potatoes account for about a 
tenth of total U,S. production, they make up a little over one-half of 
the supply available for food during May-June; storage supplies consti­
tute somewhat less than one~half of May-June supplies, and Florida 
potatoes largely account for the rem9.inder. During 1947-64 production 
of late spring potatoes, although showing substantial annual fluctuations, 
Iremained ar. essentially the s;1me level--about 24 million hundredweight 
'(table 1).. 
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PRINCIPAl POTATO PRODUCING AREAS 

WINTE!! AND EARLY SPRING LATE SPI!ING 

EARLY SUMMER LATE SUMMER AND FAll 

L::J Wint.r • Early summer • 	 Lat. summar 
and loll 

• Early spring III Lat. summer 

• La•• spring • Fall 

L";'";,'"";,;;":;;,..;,'M;;,;I';;,;'..;O;.,;..;.;,o';,";,;;;"';;.;'";;,;,.___________",;,;'O;.,;",;,;"..;.";;.;".,;;"';;;."';;.'.;.;..ICO:?MIC tUIAtCH inYICI 

Figure 1 

California potatoes are marketed in all major cities in the East. 
The bulk of the California late spring crop is sold for table stock. 
Because of the extended storage season for fall potatoes. California 
late spring potatoes are encountering growing competition from fall 
potatoes marketed fresh as well as from processed potatoes. 

Early summer crop.--Early summer potatoes contribute almost 
one-half of total consumption durin"g the early summerm.arketing period, 
They comptise about 5 percent of annual U.S. production. Since 1lJ48, 
production Of early summer potatoes has fluctuated from 10 to 15 million 
hundredwelght. The Eastern Shore of Virginia produced about 25 percent of 
the early summer crop during 1962-64; California, 20 percen t; Delaware 
and Texas together, 30 percent; and scattered areas in the "East. South­
east, and Central States, 25 percent. 
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Table l.--potatoe-:: Trend in production of early crops, by seasonal category and 
principal state in each category, 1947-64 ~/ 

Winter and early spring Late spring Early summer Total 
Year .. .. 3Virginia,

F~orida Total g/ : California 1/: Total 1/ Total seasons
all areas 

Mil. cwt. Mil. cwt. Mil. cwt. Mil. cwt. Mil. cwt. Mil. cwt. MiL cwt. 

1947 1,942 4,124 14,044 23,217 5,324 18,584 45,925 
1948 2,212 4,404 17,860 27,478 6,336 19,142 51,024 
1949 3,205 5,108 15,436 25,496 4,313 13,592 44,196 
1950 3,351 5,409 16,547 28,360 4,450 14,040 47,809 
1951 3,774 5,885 10,787 20,499 3,842 12,237 38,621 
1952 4,589 5,895 13,315 22,355 2,601 9,908 38,158 
1953 6,144 7,822 16,997 27,706 3,485 ll,928 47,456 

0\ 1954 5,839 7,552 12,771 22,087 2,682 ll,167 40,806 
1955 6,080 8,975 16,843 23,992 3,648 14,001 46,968 
1956 6,766 9,282 13,824 21,840 3,422 ll,622 42,744 
1957 7,610 ll,198 18,025 27,084 2,784 ll,348 49,630 
1958 5,977 9,674 14,553 23,671 3,299 14,007 47,352 
1959 4,916 7,145 14,625 22,644 2,891 13,372 43,161 
1960 4,535 6,753 16,916 26,451 4,326 14,637 47,841 
1961 5,810 9,607 19,012 27,753 4,552 15,496 52,856 
1962 4,633 7,593 13,856 21,690 3,508 12,685 41,968 
1963 6,268 9,000 15,246 23,847 3,270 12,622 45,469 
1964 !!J 5,180 7,857 13,432 20,248 2,614 ll,492 39,597 

]J Data represent gross production. 

2/ Data for 1947-48 include estimates for California winter potatoes. 

~ Data for 1947-48 show a breakdown of California early potatoes into winter and late spring potatoes. 

jPre1iminary• 


Compiled:f':oom Potatoes, 1866-1950 [461; Potatoes, 1866-1953 [511; Potatoes and Sweetpotatoes, 1954-1959 [521
and supplements; and from records of the ,U. S. Economic ResearchService. . ­



The early summer crop must be marketed shortly after harvest. 
As a result, this crop may suffer severe price problems in. year.s 
of heavy production. Production areas in the Southeast, especlally ill 
the Appalachians, are essentially noncommercial farming operations. 

Late Summer and Fall Crop 
The late summer and fall crop combined comprises over four­

fifths of total potato production in the United States. Part of this crop 
can be carried through a 6- to 8-month storage period, and it is a 
dominant market influence during the major portion of the year. These 
potatoes are the sole influence from mid-August through December. 
As storage potatoes, they are still a dom inant force from January through 
April, although early potatoes exert some influence. Storage potatoes 
eXf.'.rt a lesser influence through late spring; recently some storage po­
ta';oes have been marketed as late as July. 

Production of late potatoes is widely dispersed through the upper 
half of the United States with the bulk of production in highly specialized 
producing areas. Together, Idaho and Maine produce about two-fifths 
of the total of late summer and fall tonnage. If production in Minnesota 
and North Dakota is included, the proportion of production in the four 
States is one-half of the totaL Other important producing States are 
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 225 million hundredweight, even though acreage was down 
by one-quarter (table 2). Most of the increase in production was in 
the Western States, particularly 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 total (table 2). Production in the East 
declined substantially immediately following the end of the price­
support program in 1950. However, production after that time showed 
no significant trend. 

About half of the potatoes in the East are produced in Maine. 
As in the region, production in Maine in 1955-64 showed no significant 
tren Q. The gains in the potato processing industry in this area appar­
ently were largely offset by a decline in the sale of table stock. 

The more southerly 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 to peak in October, 
and Pennsylvania marketings are J"<eaviest in December. Maine mar­
ketings tended to peak in March and April for potatoes 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 total marketings for January-June, but only 12 percent during 
1951-53. 

Central Region. --The Central Region produced an average of a 
little over 50 million hundredweight of potatoes during 1962-64, about 
one-fourth of the late summer and fall crop. After declining substan­
tially in the years immediately following the price-support period, 
production in 1955-64 rose by about 30 percent. 

7 

http:eXf.'.rt


Table 2.--Potatoes: Trend in production of late summer and fall crops combined, by region, 
and by principal State in each region, 1947-64 11 

Eastern g/ Centra::" ?:.I Western ?:.I Total 
Year allMinnesota-Maine Total Total Idaho Total regions ?:.iNorth Dakota 

Mil. cwt. Mil. cwt. Mil. cwt. Mil. cwt. Mil. c • .,t. Mil. cwt. Mil. cwt. 

1947 39,060 79,605 21,765 48,439 17,160 55,985 184,029 
1948 45,045 89,178 21,888 54,258 27,360 74,522 217,958 
1949 42,228 85,828 21,885 51,965 21,790 58,511 196,304 
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 ('7,907 16,302 41,775 26,929 63,255 172,937 
1953 34,839 71,386 18,278 44,480 30,690 68,357 184,223 
1954 29,046 67,023 23,312 47,820 26,608 63,898 1.78,741 
1955 34,968 73,016 16,098 37,248 33,188 70,464 180,728 

0:> 1.956 41,748 80,360 24,014 48,092 33,730 74,596 203,048 
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 If8,037 42,408 84,568 202,638 
1960 33,663 72,894 27,687 52,974 43,078 83,726 209,594 
1961 37,000 77,705 28,052 56,532 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 
1964 II 39,875 73,891 20,094 45,848 39,515 80,067 199,806 

11 Data represent gross production. ?:.I Data for 1947-48 are for 29 late States; data for 1949-64 are for 26 
fall States; 1.ate summer production includes quantities harvested and marketed from August 15 to September 30 
for New Jersey, Maryland, Virginia, North Carolina, and New Mexico. II Preliminary. 

Cgmpiled from Potatoes, 1866-1950 [46]; Potatoes, 1866-1953 [21]; Potatoes and Sweetpotatoes, 1954-1959 [52] 
and supplements; anB from records of the U.S. Economic Research Service. 



Most of the production increase in this region during 1955-64:' 
·occurred in Minnesota and North Dakota, primarily in the Red River 
Valley. During 1962-64, production in these twO States averaged 25 
million hundredweight and comprised about half of the regional production. 
AlthoL\gh the gains in production in these two States were mainly asso­
ciated with increased processing activity, improved storage facilities 
extended the marketing season in the area. Production also rose in 
Wisconsin because of new land development and in Michigan because of 
.more processing. 

The peak of marketings for Minnesota and North Dakota potatoes 
ranges from January through April. Marketings from Wisconsin and 
Michigan tend to peak in August-October but volume of marketings 
continues moderately heavy through March. 

Western Region.--During 1962-64, the Western Region produced an 
average of about <)0 million hundredweight of potatoes or about two­
fifths of the late summer and fall crop totai. Of the three regions, 
production increased the most in the Western Region (table 2). 

Most of the production increase occurred 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 prodl~ction are in part 
associated with the increase in processing demand. Processing facili­
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 Washington. About one-third of all freezing and dehy­
drating plants 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 Washington potatoes tend to peak during September­
October; Oregon, Colorado, and Idaho markptlngs are relatively large 
from October through the following spring \!2i). Idaho potatoes tend to 
compete heavily in certain periods with potatoes 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 unloads of Minnesota and North Dakota origin during March-April 
and 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 is 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
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ships; a more technical presentation is made in later sections of the 
•bulletin. 

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 economic relations that apply to the late summer 
and fall crop of potatoes. A similar set of relations could be developed 
for the other potato crops. 

MAJOR RELATIONSHIPS IN THE POTATO ECONOMY * 
PRODUCTION SECTOR 

I.-__.....J .•.•..•.... 

MARKET SECTOR 

* A.JlROJl/S SHOW THE Dl1fEcrlOH OflINFLUENCE. IOLIO LINCl INDICATE M.AI(JR 1''' rHI 0, IN'LU£NC~• 
.H'M,OLS "E~CIt TO HOTATIOH IN THE TEXT. 

0, S. DfPARTwENT OF "GR\CUL TLIRE NEG," ERS 1911-U III ECONOMIC RBE"RCH SERVICE 

Figure 2 
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The potato industry may be grouped into a production secto'r 
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 various items indicate the more 
important factors; broken lines without arrows indicate interrelated 
physical quantities; and dotted lines indicate relations betwe.en decision­
making and operation. Arrows are used to indicate the principal direction 
of influence of each factor. Double-pointed arrows connect the variables 
that are belit::ved to be jointly determined. The relative sizes of the boxes 
and circles GO 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 factors. 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 slowly over time. 
Studies (ll.) have shown that potato growers respond to prices by 
varying not only potato acreage, but also certain inputs such as fertil­
izer, that affect yield per acre. Also, current levels of yield are asso­
ciated with previcJ.s levels of yield. Other factors affecting yield are 
technology and weather. Statistical analyses for 1930-41 and 1951-56 
showed that the elasticity of acreage for late summer and fall potatoes 
with respect to the previous year's price was in the neighborhood of 
0.12. The elasticity of yield for the same crop of potatoes with respect 
to the previous year's price was about 0.10. 

The market sector iEustrates 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 potatot::s 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 anyone of these also indirectly affect the others in 
this group. 

Variables that relate to the general economy, 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 estimates 
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 potatoes. The underlying 
assumptions for this and other seasonal potato models are g,iven in the 
section on Statistical Models and Estimation. 

The symbols in the boxes and circles refer to the variables included 
in the late summer and fall statistical modeL Th<:) variables are identified 
on pages 116-123. Not all of the factors that appear in the diagram were used 
in the statistical model because of lack of data, and those with minor 
effects were excluded to keep the model statistically manageable. 
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Price- Consumption Relationships 

The relation between prices and consumption of potatoes can be 
studied by simple research tools, such as graphic analysis, or by more 
sophisticated methOds. The latter usually involve the formulation of 
statistical models and the processing of data on high-speed electronic 
computers. Fairly elaborate mathematical methods are frequently needed 
to give preCise statistical measurements of price and demand relation­
shj~;~. But simple price-consumption relationships, workedoutby graphic 
analysis, give the research worker a qUick, preliminary research tool 
by which he can analyze the data and observe firsthand the relationships 
between the variables <g). 

In this section a Simplified relationship betweeri the price and con­
sumption of late summer and fall potatoes is graphically presented, 
allowing for the effects of certain exogenous 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 a net relationship and essentially traces out 
a Marshallian demand curve <~, 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 (BLS). Prices are collected 
in 46 cities for potatoes of No. I grade, of the variety selling in greatest 
volume during the current month in the cities surveyed. Late summer and 
fall potatoes are sold in greatest volume from August through April. 

The BLS Jretail 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 late 
summer and fall or other seasonal potato crops. However, this limitation 
appeared to have lilde effect on the regression analyses. 

PotatO consumption.--Conceptually, a good measure of consumption 
of potatoes for food by the civilian population in the United States would 
be a survey of consumers taken at frequent intervals to permit estab­
lishing a time series on consumption. However, such surv-::;Y3 are done 
infrequently and only for a short period of time, such as a week. Esti­
mates of potato consumption 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 nonfood uses to arrive 
at an annual consumption estimate for each seasonal crop. Data on 
nonfood uses are available from utilization and disposition reports is­
sued by the Statistical Reporting Service l48, 52). Annual gross consump­
tion is divided by civilian population to get per capita consumption. 

Consumption of late summer and fall potatoes for food varies much 
less than production. One of the reasons is that potatoes are a staple 
item in the diet. Despite variation in supplies and prices, consumers 
generally use about the same quantity of potatoes every year. Because 
of changes in acreage and yield, annual production of late summer and 
fall potatoes during 1950-64 varied from 1 to 25 percent. The production 
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not used for food (and seed) moves into such outlets as livestoc\c feed, 
starch, and waste. 

Consumer income.--Traditionally, consumer income has been used 
as a demand shifter in statistical analyses. Income is assumed to affect 
the potato economy but not to be materially affected by it. However, for 
the postwar period 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 instances, the results 
have indicated little, if any, income effect. 

A cross-section analysis of data contained in the 1955 Household 
Food Consumption Survey (iI) 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 to $4,000, and it was about the 
same for all income groups between $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 Food Consumption Survey is thatfamilies in the lowest income group 
purchased about 15 percent less potatoes than families in the middle­
income group and 5 percent less than f .. milies in the highest income group'. 
Further, the fact that families in the lowest income groups show grad-" 
ually increasing consumption for each increase in income would suggest 
'that potatoes are not an "inferior good." 

. Quantity of processed vegetables.-- Preliminary graphic analysis 
suggested that processed vegetables, such as canned and frozen peas 
and sweet corn, might be a substitute food for potatoes. Processed 
vegetab'es are convenient 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 to encourage 
purchases of processed items over that of others. 

Time trend. __ Certain changes in consumption and prices--such 
as those resultIng from changes in tastes and preferences, changes 
in technology which can affect demand as well as supply, and changes 
in composition of foods in the market basket--take place slowly over 
time. Time trend may be used as an exogenous variable in a regression; 
analysis to take account of these changes. 

Waugh (63) in a recent publication showed that most of the varia­
tion in prices of individual foods and of total food was associated with 
changes in consumption and consumer income. But he also noted that, 
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. Bur as Manderscheid (25) has indicated, the assumption 
that 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 still serve as a reasonable 
first approximation even though 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 
potatoes can be illustrated by graphic analysis (fig. 3). The graphic 
analysis assumes that the retail price of potatoes is 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. Retail price of potatoes 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. 

MULTIPLE REGRESSIO!t 
Retail Price and Related Faclars 
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Figure 3 

In section A of figure 3, value,s of retail price for each year are 
plotted on the vertical axis against values of per capita consumption of 
potatoes 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 between retail price and 
consumption of late summer and fall potatoes 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 8. This is done to see if income can explain any of 
the variation (deviations from line of relationship in section A) in prices 
not explained by consumption. 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 relationship in section Bare 
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 potatoes and consumption of processed 
vegetables, after allowing for the effects of consumption of potatoes and 
consumer income. Next, the deviations in section C are plotted against 
time in section 0, and again a line is drawn through the scatter. To com­
plete the initial procedure the deviations from the line of relationship in 
o 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 fit. 
The broken line is such a line; it shows the net relationship between price 
and consumption, after allowing for the effects of changes in disposable 
income, per capita quantity of processed vegetables, and time trend. 
The open circles show the net scatter between the variables and rep­
resent the deviations fror .. the net relationship that could not be explained 
by the four explanatory variables. 

One apparent observation in section A is that a straight line ap­
pears to fit the data as well or better than any other type of curve. This 
suggests that the form of the relationship is a linear function. This in­
formation is recognized in choosing the form of the data used in fitting 
the statistical model for late summer and fall potatoes, discussed in a 
later section. Based upon the regression line in section A, we would 
~xpect an approximate change of 1.5 cents per lO-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 to 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 potatoes to rise with increases in 
income. For the first part of the period, Le. for 1948-53, the scatter 
appears to be greater around the line than for the remainder of the 
period. Examination of the orir;inal data (black dots) in section A shows 
that this was the period of grea:..er than average variation in retail prices. 

As expected, the slope of the average line of net relationship in 
sLetion C shows a negative slope. It indicates that when quantity of 
processed vegetables was relatively high, retail price of potatoes tended 
to decline. Increased supplies of processed vegetables result in lower 
prices and increased consumption. Since processed vegetables may be 
substitutes for potatoes, an increase in consumption of these products 
may adversely affect consumption of late summer and fall potatoes. 

In section 0, the slope of the trend line, fitted freehand, is barely 
observable. The indication is that deflated prices for fresh potatoes 
during 1947-64 were not associated with any significant changes 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 summer and fall potatoes. 

The relationships developed in this graphic analysis may be used 
to predict the retail price of potatoes, if information on consumption of 
potatoes, consumption of processed vegetables, and consumer income 
is known or can be estimated by other means. For example, suppose 
that for the 1965-66 crop year, we estimated as follows: Per capita 
consumption of potatoes, 86 pounds; per capita disposable income, 
SI, 839; and per capita consumption of processed vegetables, 18.8 pounds. 
From section A we read off a retail price of 44 cents per lO-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 trend. This gives us an 
estimate of 51 cents per lO-pound bag. The actual deflated retail price 
for 1965-66 turned out to be 52.6 cents. In this case, the lines of average 
relationship gave a good estimate. 

Nature of Demand 

In the preceding pages, arelationship between price and consumption 
for late summer and fall potatoes was indicated from the graphic analysis. 
The line of average relationship drawn in section A of figure 3 might be 
regarded as a market demand curve for late summer and faU potatoes 
at the retail level. It showed various 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 pric:;s. Similar demand functions could be graphically constructed 
for other seasonal crops. Each would most likely appear somewhat dif­
ferent depena,i.ng on the nature of demand for each. 

Elastic and Inelastic Demand 

To permit comparisons 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 lO-percent drop in price may result in a lO-percent rise in the 
quantity demanded. In this case the percentage drop in price is equal to 
the percentage rise in purchases; economists term this" unit elasticity" of 
demand. It implies a constant total revenue. If the 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. 
But if the percentage increase in consumption is less than the percentage 
decrease in price, demand is inelastic and total revenue declines as price 
falls. 

The factors that determine whether different types of potatoes have 
an elastic or inelastic demand are: (1) The number of uses for the 
commodity, (2) the number and closeness of substitutes, (3) the strength 
of preferences for particular foods, and (4) the importance of the ex­
penditure for that food in relation to the food budget. 

In general, the commodities that have many uses tend to have more 
clastic 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 pdtatoes is more inelastic 
at the farm level than at the retail level. The difference depends on the 
level of marketing services performed. Price elasticity at the farm 
level becomes progressively smaller relative to price elasticity at 
retail as the level of marketing charges increases. 

A classification of price elasticities for potatoes by seasonal 
category is given in table 3. This classification summarizes, in general 
terms, the elasticities implied in the statistical results presented in 
the section on Statistical Models and Estimation. This table illustrates 
the wide range of differences in price elasticity of demand for dif­
ferent types of potatoes. It shows that early potatoes exhibit a much 
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Table 3.- Classification of rels:t:i:\'"'e price, elasticities 
for potatoes, by seasonal category, ana. by form 

(fresh or processed), postwar period, 
United States y 

Seasonal Processed.Fresh formcategory form 1/ 

Winter and early 
spring Elastic Elastic 

Late spring Moderately inelastic Elastic 

·Early summer ~derately inelastic Elastic 

Late summer and 
fall: Y 

Full season Markedly inelastic Elastic 

January-April Markedly inelastic Elastic 
.. 

May-June Elastic Elastic 

11 Evaluation of elasticities takes the following form: 
Ela~tic, elasticity coefficient ~ 1; moderately inelastic, 
elasticity coefficient ?0.5 but < 1.0; markedly inelastic, 
elasticity coefficient> 0.0 but <: 0.5. 

gj 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 included in the late spring market. 

]I From statistical analysis of price and consumption 
relationships for frozen french fries based on quarterly 
data, 1956-63, which showed a price elasticity greater 
than -1.0 (analysis not shOwn). 
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higher price elasticity than late potatoes over the entire storage season. 
But price elasticity for storage potatoes in the winter and spring is 
higher than in the fall. This is as expected, since storage potatoes 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 elasticities of demand. 
Also, the price elasticities of demand in the different 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 
utilization patterns between two periods. It attempts to approximate the 
demand curves for starch, Cs2, for livestock feed,Cf2 ' and for food, Ch2, 
during the postwar period, 1947-60. Similar demand curves are shown 
for the same three uses (CS1,Cf1 ' and Chi) for 1921-41. These hypo­
thetical demand (;urves were drawn to reflect the average situation that 
prevailed during these two periods. They indicate in general terms the 
elasticities obtained from statistical analyses. y Within the range of the 
average of the economic variables, the implied elasticities obtained from 
regression analysis for 1947-60 were -1.0 for potatoes 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 food. 
Since the demand curves are linear, these elasticities apply in a statis­
tical sense only to the portion of the curve in the neighhorhood of the 
average values of the economic variables. 

QUANTITIES OF LATE SUMM~R AND filL POTATOES 

UTILIZED AT DlffEREN' PRICES, AND SHIfTS IN DEMAND 
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Figure 4 

Y The statistical analyses for 1947-60 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 farmers for late summer and fall potatoes for each 
of the two periods. The average price was $1. 80 per hundredweight 
during 1947-60 and $2.27 during 1921-41. For the purposes of this ex­
ample, the same price is used for all outlets. In actual practice the grades 
and sizes of potatoes going into each outlet are not the same. Therefore, 
a more realistic diagram might use some equivalent price for each 
outlet or a price that 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 into 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, 14.2 pounds 
for livestock feed, and 1l0.5 pounds for food. 

Because of differences in price elasticity, the effect of changes 
in potato 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 relatively 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 
tbe broken price line. It can be observed 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 turn, use for livestock feed will 
increase at a faster rate 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 
,use categories may be eliminated. 

So far, we have been considering short-run adjustments in utili­
zation and associated differences in elasticities. In the longer run, 
other considerations are reflected in the utilization pattern. The biggest 
shift (in absolute terms) in utilization from 1921-41 to 1947-60 was the 
substantial drop in pel capita consumption of potatoes 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
ta toes for starch. In addition, while the price elasticity of demand for 
potatoes for food remained about the same and that 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 potato diversion programs, which permitted heavier 
use for starch in years of excessive production. 

Substitution and Competition in Early Potato Markets 

The four seasonal markets--late summer and fall, winter and 
'early spring, late spring, and early summer--are identified with time 
of sale of potatoes, whether from production directly or from storage 
stocks. Some potato crops, particularly the more perishable, are 
marketed for final use immediately after harves't. Most of the late 
summer and fall crop is first stored and then marketed for final use 
from storage. 

Figure 5 sho",:s approxima~ely .w,hen the different potato crops 
are marketed for fmal 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 	(September through December). In the winter 
and early spring market 	(January through April) this crop (as storage 
potatoes) competes with 	 early potatoes marketed during winter and 
early spring. In May and Jllne (the late spring market), diminishing 
supplies of storage potatoes compete with early potatoes harvested 
and marketed during late spring. 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. 
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Figure 5 

The following discussion specifies the characteristics of a seasonal 
potato .market and suggests a set of criteria which may be used to 
determme the degree of substitution among the different types of po_ 
tatoes (also. see (20». 

Characteristics of A Seasonal Potato Market 

As indicated, various early-crop potatoes are available at retail 
markets eluring different seasons from January through August. Each 
of the early potato crops appears for a limited time because of a shorr 
harvest season and high perishability. 

In the earliest seasonal market (winter and early spring), early 
crop potatoes 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 potatoes, 
mostly from California and the Southeastern States, compete w.ith lesser 
supplies of storage potatoes, chiefly from Idaho and Maine. In the early 
summer market, early summer potatoes (primarily from Virginia, 
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Delaware, and Texas) compete with limited sU1?plies of late-maturing 
late spring potatoes !lnd early-maturing late summer potatoes. 

Although the different potato crops are produced in different 
parts of the country, interregional shipments of potatoes within a season 
make possible competiti.on in a s~ngle economic market. Shipments from 
Western areas to Midwestern and Eastern metropolitan centers have 
been much greater than shipments from East to West. Different seasonal 
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 
market. In the winter and early spring market, fall (storage) potatoes 
constitute more than 90 percent of supplies. In the late spring market, 
late spring potatoes make up just over 50 percent of total volume. In 
the early summer market, early summer potatoes typically account for 
abol.!t 50 percent of supplies. During the September-December period, 
late summer and fall potatoes constitute essentially the entire supply. 

Marketings of late summer and fall potatoes are distributed so 
tbat certain regions tend to market them in a succeeding pattern. This 
tends to produce an even flow of supplies to the principal markets. For 
example, in 1963 and 1964, unloads in the New York City wholesale 
marker 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 increaseu through October and 
then declined somewhat. From September through December the market 
was supplied from the late summer and fall crop alone. Maine and Idaho 
potatoes appeared in volume from November through spring. In 1964 and 
1965, marketings from Long Island declined in volume in the spring, 
but marketings from Maine continued heavy through June, and those 
from Idaho were heavy thrl)ugh May. During this period, diminishing 
supplies of storage stocks competed with early potatoes. 

In the Chicago wholesale market for the same period (1963-65), 
unloads of late summer and fall potatoes from Washington and Wis­
consin were moderately heavy in August. Lighter volume unloads from 
these States followed in October-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 months 
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 those from Idaho and 2.5 
times greater than those from Minnesota. Diminishing supplies of 
storage stocks competed with early potatoes from the spring potato­
producing States. 

Substitution Between Different Types of Potatoes 

Potatoes are not a homogeneous product. Potatoes sold in different 
seasonal markets differ (1) in outward appearance and internal qualities, 
(2) in selling price, and (3) in promotional efforts to gain consumer 
acceptance. Consumer preferences for certain types of potatoes may 
be influenced by attributes of outward appearance, such as tt russet" 
skin or tt smooth" skin. Or preferences may arise through anticipated 
qualities of the cooked potato, such as .. mealy" or" moist," Different. 
promotional practices are in evidence fur different varieties, qualities, 
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 potatoes are offered in the retail 
stores. Because of B: unique demand, this crop of potatoes is higher 
-prjced than storage potatoes. 

Consumers recognize differences and pay higher prices for potatoes 
of their choice. Thus, different crops of potatoes may be considered dif­
ferentiated products selling at different prices. For example, in recent 
years, wholesale prices on the New York market for winter and early 
spring potatoes averaged four-fifths higher than prices for storage 
potatoes of good quality.V Also, wholesale prices for Western Russet 
potatoes on the New York. market averaged 2 times higher than prices 
for Maine Round White potatoes of good quality. Varietal characteristics 
have been given as the explanation for consumer preference for many 
differentiated products (~. 

In the present study, competition between different crops of po­
tatoes is examined by testing for the degree of substitution between 
early potatoes and storage supplies in each. of the seasonal potatO 
markets. Certain criteria are needed to evaluate the degree of compe­
tition and substitution. W. W. Cochrane (5) sets up the following critel'ia 
for evaluating competition between 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 al'e in 
competition and operate in the. same economic market. Second, there 
must be common attributes: including external forces which tend to link 
two or more products into the same market pattern. 

The first type of evaluation can be carried. out on 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 nearly equivalent 
direct and cross price elasticity coefficients, but of different sign. For. 
the second type of evaluation. such exogenous forces as disposable in­
come, marketing costs. and underlying trends are expected to affect 
prices and consumption of potatoes similarly. However, in the latter case, 
c;l.ution must be exercised, as many products are affected similarly but 
are not substitutes. 

Bishop (3) suggests that both direct and cross elastiCities of demand 
must be evaluated to determine com petition between products..1I 

11 Average wholesale price, January through April, i960-o4, on 
the New York Wholesale market 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 period, on the New York wholesale market was 
$5.52 per hundredweight for Western Russet potatoes, compared to 
$2.73 ner hnndrenweillht for Maine Round White potatoes. 

11 Direct price elasticity 1S defined as 

E .. : aqi • Pi where ~qi is the change ill quantity, q., of the}h 

11 0 Pi qi oPi 1 


th
commodity associated with a unit change in price, Pi ,of the i com­
modity. 

Cross price elasticity is defined as 


E .. _~q i Pi where ~.qi is the change in quantity/li ,of the i th 
1] -_ • ...... J"\ 

pp j qi z,Pj 

commodity associated with a unit change in price, Pjt of the jth commo­
dity. 
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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, indicating an elastic demand for this type of potatoes. 
Cross price elasticity with respect to the price of storage potatoes 
(January-April) was 2.0. Comparison of direct and cross price elastici­
ties indicates that storage potatoes compete quite closely with winter and 
early spring potatoes. Thus, there is a substantial degree of substitution 
of winter and early spring pot~ltoes for storage potatoes. 

Late Spring Market 

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

Early Summer Market 

The direct price elasticity ror early summer potatoes was found 
to be -0.7, indicating a moderately inelastic demand for this type of 
potatoes. 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 respect to prices of competing 
crops (late spring and late summer) is considerably lower than the direct 
price elasticity. These results suggest only a moderate degree of sub­
stitution of early summer crop potatoes for competing types of potatoes. 

CONSUMPTION AND PRICE TRENDS 

The research employed in a demand study involves the analysis 
of the shifts in demand as well as tbe level of demand. Shifts in demand 
can be studied in a preliminary way by graphs or tables, which show 
relative movements in price and consumption over time. If the retail 
price of a food commodity increases and consumption remains essen­
tially 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 
(price x consumption) also provide some cl~es to what is happening to 
demand. 

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 and fall potatoes was relative­
ly stable through 1960, but has in<;reased a little since then. Viewed from 
the standpoint of relative price and consumption 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 potatoes followed a persistent downtrend 
during the first half of the present century, declining from 198 pounds in 
1910 to only a little more than half that amount by 1950. 

Previous studies attributed the long-term decline in consumption to 
several factors. Scott and Mumford (.M.> in a 1949 study mentioned 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) a lesser need for high-calorie foods in present-day 
occupations, and (4) progressive urbanizationoftheU.S. population. Gray, 
Sorenson, and Cochrane (l§) in a 1954 study included (1) declining im­
migration of people accustomed to 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 little preparation, and modern housewives 
with outside jobs have ~ittle time for meal preparation. Gray, et al. (15), 
emphasized that 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 potato consumption 
somewhat, it appears that their influence has weakened materially. 
Total per capita consumption of potatoes has shown no significant trend 
since 1950 (fig. 6). 

Recent Developments 

Since 1950, there appears to be little relationship between total 
consumption of potatoes and rising incomes. There are, however, dif­
fering consumer responses with respect to 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 to buy less (47). 

During 1920-~0, the increased availability of other vegetables 
.appeared to be a factor affecting total consumption of potatoes. Due 
to improved methods and facilities fO.r handling and transporting 
perishaole commodities, fresh vegetables became available in large 
supply during all months of the year. Output 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 misund0rstanding may still exist, the belief that 
potatoes are a high-calorie ("fattening")food has been largely dispelled. 
Fincher and others (6, 10, 60) have emphasized the nutritional value 
of potatoes. More particularly, they have shown that diets in general 
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POTATO CONSUMPTION, 
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Figure 6 

Potato consumption, fresh and processed, 1950~b4 y 

Ch1po ane! TotalYear Fresh Canned Frozene!ehyc1ratec1 y 
Pouncla Pouncla Pound. ~ ~ 

1950 100.0 5·7 0.3 0.3 106.3 
1951 106.8 6.0 .2 .6 113.& 
1952 93.8 6.7 .5 .9 101.9 
1953 99.1 7.3 .6 .8 107.8 
1954 98.1 7,6 .3 1.1 107.1 
1955 98.1 8.4 .6 1.8 108.9 
1956 90·3 9.0 .6 2.9 102.8 
1957 94.2 11.7 .6 2.9 109.4 
1958 87.6 12·9 .6 3.4 104.5 
1959 86.2 14.9 .5 4.9 106.5 
1960 84.4 16.8 .6 6.4 108.2 
1961 84.4 17.4 .7 6.8 109.3 
1962 80.4 17·9 .6 9.2 108.1 
1963 81.8 19.1 ·5 10·7 112.1 
1964 J.I 75.1 20.3 .6 14.0 110.0 

!I Fresh ve1ght equivalent.
Y Calendar year. 

y Prel1mJ.nE.ry. 


are apt to be deficient in ascorbic acid (vitamin C). Potatoes are rich 
in this nutrient. Further, nutritionists have pointed out that potatoes 
contain sizable amounts of important minerals, such as calcium and 
phosphorus. Dissemination of these findings may have helped to stabi­
lize the use of potatoes in individual diets. 

A significant development in recent years has been the appearance 
on the market of a great variety of processed potato products. Consumer 
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 stor­
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Table 4.- Commercially produced vegetables: Civilian per capita consumption, 1950-64 

Year 

1950 
1951 
1952 
1953 

{j\ 	 1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 J/ 

Total 
fresh and 
processed 

Pounds 

199·2 
200.8 
199·7 
200.2 
196.2 
198.7 
202.3 
202.0 
201.6 
200·9 
205.2 
204.5 
206.7 
207.8 
204.3 

: 

Fresh 
"};./ 

Pounds 

115.2 
111.9 
111.6 
109·1 
107.2 
105·1 
107.0 
106.4 
103.7 
102:·9 
105.8 
104.9 
102.8 
102·9 

98.7 

Fresh equivalent 

Total 

Pounds 

84.0 
88.9 
88.1 
91.1 
89.0 
93.6 
95·3 
95.6 
97·9 
98.0 
99.4 
99·6 

103·9 
104·9 
105.6 

Process(~d g/ 

Canned Frozen 

Pounds Pounds 

76.6 7.4 
79.6 9·3 
76.8 11.3 
79.4 11.7 
76.8 12.2 
80.5 13·1 
81.5 13.8 
81.4 14.2 
82.7 15.2 
82.6 15.4 
83.5 15·9 
83.5 16.1 
86.2 17.7 
87.8 17.1 
87.2 18.4 

~ Excluding melons. 2/ Data include pickles and sauerkraut in bulk; exclude canned and frozen 
potatoes1 canned sweetpotatoes, canned baby foods, and canned soups. 3./ Preliminary. 

Compiled from The Veg~tab~e_~it~atio~, October 1965 [58]. 



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

Although total per capita consumption of potatoes has been fairly 
steady since the early 1950' s, there have been continued shifts in the 
forms used. Consumption of fresh potatoes declined from 100 pounds 
per person in 1950-52 to about 80 pounds in 1962-64. Population gains 
were sufficient to maintain total fresh sales through 1961. But sub­
sequently, total fresh food use has declined. Many segments of the potato 
industry are aware that better marketing practices, such as closer 
grading and sizing, improved packaging, and more careful handling, are 
necessary to slow the trend away from sales of fresh potatoes. Pusateri 
(~) discussed recommendations for production and marketing of high­
quality fresh potatoes. 

Per capita use of processed potato products increased from 6 
pounds (fresh equivalent basis) in 1950-52 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 0.5 pound, or one-fourth; and 
frozen products increased from 0.6 to 11 pounds, or 17 times. The 
relatively large increase in consumption of frozen products reflects 
popularity with the institutional trade, where convenience, uniformity 
of quality, and portion control are particularly important requirements. 
Frozen food pack statistics for 1964 (30) indicate that about two-thirds 
of the output of frozen french fries and other frozen products are put 
up by food manufacturers in institutional and bulk containers. rt appears 
that most of the supplies of dehydrated products also move into restau­
rant and institutional outlets. 

Though data on sales of frozen french fries in restaurants are 
not aV8.ilable, data on sales of all 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 $15.7 billion in 1965, or 68 percent (41). Even after allow­
ing for a 16 percent increase in the consumer priceIevel, it can be seen 
that the volume of food eaten away from home by the people in this coun­
try has increased substantially. 

Substitution of other starchy foods, although frequently mentioned, 
does not appear to have made any important inroads on potato consump­
tion. The following section discusses production or consumption of these 
possible substitutes. 

Trends in Consumption of Related Foods 

Figure 7 shows trends from 1950 to 1964 for annual per capita 
consumption of potatoes, commercial vegetables, and all cereal products. 
Per capita consumption of potatoes and commercial vegetables was about 
maintained during this period but consumption of total cereal products 
declined almost 15 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 between total vegetable 
consumption and rising incomes. Also, the convenience aspect of pro­
cessed vegetables has notably increased their use, with an associated 
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PER CAPITA CONSUMPTION OF 

POTATOES AND RELATED FOODS· 
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Figure 7 

Potatoe. and. related. rood ca.tegories: Index numbers 
or per capt ta c:ooluaptlon, ~950-~ !I 

1950 • 100 

Con.\Dptlon per' cap1 ta 

Year Tot.a.l c~rclAl Total cerealTatal. potatoea 
,""&,,tab1.1 ?J product... 

1950 100 100 100 

1951 101 101 
 99 
1952 96 100 91 

1953 101 100 
 95 
195" 101 96 93 

1955 102 100 91 

1956 91 102 90 

1951 103 102 Il9 

195a 96 101 89 

1959 100 101 Il9

1960 102 103 aa 

1961 103 103 d1 

1962 102 lQ1. 86 

1963 105 lQ1. d6 

196" 103 103 &. 


!I All data ..... caler.l&r year oati_t.... 

y £Xc:l\l1e. _lon,. Include. mall and. proc:•••ed, trelll vel¥bt bl.a1l. 


Ca.pUed rrca data 111 the Vopt&l>le Sltuation, October 191'5. ( S' ), rrca U.S. Food 
CanelapUon, (~) and. trOll. "cordi ot the U.S. EcanOldc Re••arc:""'ii"'Senlce. -- ­

decline in consumption of fresh vege-tables. Housewives increased 'their 
·purchases of canned vegetables almost 15 percent during 1950-64, from 
.an already relatively high level, and purchased 2 l/2 times more frozen 
vegetables in 1964 than in 1 %0. 

During 1947-64, per capita consumption of total cereal products 
declined but consumption trends differed among individual products. 
Production of rice for food, although 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 food planning.S I 
The advent of" instant" rice products, popularized as convenience food'S, 
added co total rice consumption. 

, Production of semolina flour, from which macaroni and noodles are 
made, although highly irregular from 1950-52 to 1962-64, declined about 
30 percen t from the beginning to the end of the period. Production of wheat 
flour declined about one-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 potatoes, the American diet contains less 
than one-eighth as much of these products as of potatoes. 

Trends in Prices of Potatoes and Related Foods 

After 1950, retail prices of potatoes increased a little more than 
the consumer price indexes for all food l,nd for all consumer goods and 
services (fig. 8). Prices for food eaten away from home rose progres-

It 	 sively higher during the period compared to prices for all food (59). 
The price increase for potatoes over time reflects the higher cost of 
existing marketing services as well as improvements in marketing. 
From 1950 to 1964, the cost of marketing services for potatoes rose 
slightly more than 90 percent while that for all food rose about 40 per­
cent. 

RETAIL PRICES OF POTATOES 
AND RELATED ITEMS 

% OFI957-59-------.--------------r-------------~-, 

11 0 Po'o'oo, II,..h}~//----------I----l-
-	 \ I / ........ -:.::.:: 


All food 	 _--:::.:::...•....• ­\ 	 ~... ---.I.......... 

100 +---...-...-...-...~..........~~~........." - .............-'!--------------+----1 


90 ~ ~ -~--,r-·-----------+-----------+-~ 
,. Consu mler price index 

80J I ILL 

1950 1955 1960 1965 

U.1. DE",I,"TIoI(NT Of .. c.;uCUt TUUf 

Figure 8 

§J Of interest is the comparison of starch content of rice with 
that of potatoes. Tables of food values in the 1959 Yearbook of Agri­
culture (§.Q, pp. 252-262) show that 1 cup of boiled rice (1 serving) 
contains 45 grams of carbohydrates (starch) while 1 medium- boiled 
or baked potato (1 serving)contains only 21 grams. 
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Table 5.- Index numbers of retail prices fOT potatoes 

and related foods, 1950-64 11 


(1957-59=100) 

Potatoes Vegetables 
Cereals 

andYear Frozen . . bakeryFresh Fresh .Processed'french : '2./ : productsgj !:./fries 

Ind.ex Index Index Index Index 

1950 74 78 96 79 

1951 81 j~ 91 107 86 

1952 122 Jj 93 104 88 

1953 89 88 105 90 

1954 86 104
~~ 85 92 


1955 93 11 91 98 93 

1956 111 3/ 94 100 95 

1957 94 98 98 98 98 

1958 103 103 101 101 100 

1959 104 99 101 101 101 


1960 118 101 99 102 103 

1961 104 100 96 107 105 

1962 105 96 106 106 108 

1963 loB 93 106 105 109 

1964 133 92 110 106 110 


11 All data are calendar year estimates. 

gj Variety of potatoes l U. s. No. 1 grade, sold in 
greatest volume within season. 

]/ Data nut collected prior to 1957. 

4/ Estimated for 7 important vegetables. Potatoes, 
6weetpotatoes, and melons excluded. 

2/ Canoed 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 prici'1 epreads for potatoes, 1950-64 y 

Price per hundredweight-- Price spread per hundredweight-- Ratio of 
Year farm toWholesale Farm- : Wholesale- Farm-Famy Retail !f./ retail prices:J./ wholesale retail reta:!l 

]);)1. ]);)1. ]);)1. Dol. ]);)1. Dol. 

1950 1.77 3.36 4.29 1.59 0.93 2.52 0.41 
1951 2.08 3.81 4.71 1.73 ·90 2.63 .44 
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 1.44 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 .40 
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 4.12 .31lJJ 

1959 1.91 3·71 6.05 1.80 2.34 4.14 ·32.... 
1960 2.43 4.39 6.87 1.96 2.48 4.44 .35 
1961 1.63 2.71 6.02 1.08 3.31 4.39 .27 
1962 1.69 2.80 6.05 loll 3.25 4.36 .28 
1963 1.70 2·73 6.23 1.03 3.50 4.53 .27 
1964 21 2.71 4.23 7.57 1.52 3.34 4.86 .36 

1/ All prices and spreads are on a calendar year basis. 2/ Annual average prices received by farmers for 
potatoes on a farm product equivalent basis (adjustment at farm level for losses through shrinkage and spoilage 
in marketing) equal to 10.42 pounds of potatoes at farm for every 10 pounds bought at retail. :J.I Compiled from 
reports of wholesale prices for Irish (white) potatoes delivered to New York and Chicago, weighted by respective 
unloads in those cities. 4/ Annual average of retail 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 10-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.) '11 Preliminary. . 

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



The rise In retail prices for fresh potatoes during 1950-64 nearly 
paralleled the rise in prices of other fresh vegetables (table 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 technological 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 
1955 to 1964, the rise in the index of prices for white bread was almost 
equivalent to that for potatoes, while prices of wheat flour and rice rose 
much more slowly. 

Trends in Farm, Wholesale, and Retail Prices 

Different trends iii potato prices can be observed at various mar­
keting levels during 1950-64 (table 6). Retail prices increased sub­
stantially while wholesale prices showed a moderate decHne. Farm 
prices for potatoes showed little trend apart from considerable year­
to-year fluctuations. Farm prices exceeded $2 per hundredweight dur­
ing 1951, 1952, 1956, 1960, and 1964. 

The retail price of potatoes increased from $5.23 per hundred­
weight (52 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-retail 
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 to the consumer. 

A USDA study (£i,p. 22) indicated that retailers 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 sweetpotatoes, frequently 
reflect higher retail price spreads than other food items in the produce 
department. In 15 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 potatoes during 1950-64 showed no sig-. 
nificant trend, and both wholesale-retail 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 about 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 potatoes and indiVidual food items can be made 
but probably is not too useful, because each food product shows vary­
ing trends in marketing services (.§.?). 
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Shepherd (E, 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 
at retail. 

THE POTATO PROCESSING INDUSTRY 

Growth in 1955-64 

The outlook for demand for potatoes was not encouraging up to 
1955-64. Low-carbohydrate foods such as beef, broilers, leafy vege­
tables, and fruits were benefiting from a growing economy, while po­
tatoes were experiencing a continuing downtrend in per capita demand. 
The desire for variety in the diet and other factors responsible for 
changes in spending patterns, discussed in the section on Consumption 
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 to 106 pounds in 1950. But the rapid increase in use of 
processed potato products in the mid-1950's halted the decline in per 
capita potato consumption. In 1955-64, per capita use varied from year 
to year, holding within a range of 103 to 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 potatoes used for food. Quantities used for individual 
items were as follows (in millions of hundredweight): Potato chips, 
28.8; dehydrated, 10.8; frozen french fries, 20.5; other frozen products, 
3.2; canned potatoes, 1. 7; and other canned products (hash, stews, 
soups), 1.5. 

Tte rapid expansion in the potato processing industry since World 
War II is one of the significant developments in the food field. For ex­
ample, production of potato chips has increased about fOUrfold. More­
over, 15 years ago, potato flakes were unheard of and potato granules, 
which preceded potato flakes, were still undergoing experiment. Today, 
potato processing plants operate in most major producing areas of the 
United States, and marker more than 50 different potato products. 
According to the National Potato Council, the retail value of processed 
potato products in recent years has approa.ched the retail value of po­
tatoes sold fresh (31). 

Potato processing mday, 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 efforts of research in industry 
and Government. 

Although potato 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 table 7. Frozen items are avail­
able in greatest number but the number and variety of dehydrated pro­
ducts is increasing rapidly. Of the frozen products, frozen french fries, 
patties, and hash browns are found in almost every food market. Of ti'le 
dehydrated products, instant mashed (both flakes and granules), diced, 
scalloped, and au gratin potatoes are available in almost all food stores. 
Several products, such as frozen mashed, frozen whipped, and frozen 
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Table 7.--Classification of Processed Potato Products 

Frozen Products 

French fries (regular Roasted 
and crinkle-cut) Cottage fried 


Patties Boiled 

Shredded Pancakes 

Hash brown Dumplings 

Diced Knishes 

Mashed Blintzes 

Whipped Pirogen 

Stuffed baked Hashed in cream 

Rissole Soup 
Au gratin Potatoes and peas 
Delmonico in cream sauce 
Scalloped Dehydrofrozen 
Dutch potato salad Diced 
Small whole potatoes Mashed 

Dehydrated Products 

Instant mashed 
Granules 
Flakes 

Diced for preparing hash brmffi 
potatoes and general purposes dishes, 
and for remanufacture in canned 
hash and stews. 

Slices for preparing salad, hash 
Chiplets brown, casserole, and other 
Shreds general-purposes dishes. 

Scalloped Salad mix 
Au gratin Pancake mix 

Flour--for potato bread, doughnuts, 
crackers, and other speCialty baked 
goods and breading material. 

Starch 

Regular and chemically modified potato 
starches for use in paper manufacture, 
textile Sizing, and food processing. 

Potato Chip Products 

Regular and crinkle-sliced 
Barbecue-flavored 
Cheese-flavored 
Smoke-flavored 
Dip-chips 
Snack-chips 
Shoestring potatoes 

Prepeeled Products 

For fresh delivery to 

restaurant trade. 


Whole potatoes 
French fry cuts 
Oil-blanched 
Hash Brown 
Salad 

Canned Products 

'~ole potatoes Chowder 
Slicei Soup 
Shoestring Pancakes 
Hash Strained 
Stew (baby food) 
Salad (American Au gratin 

and German 

style) 


Experimental Products 

Chip bars 
Chip confections (candy­

flavored) 
Sponge dehydrated 
Puffs 
Nuts 
"Instant" dehydrated 
Dip sticks 



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

West 

Processed 


East Central 	 Totalproduct 
Northwest other 

Chips 	 140 139 ~/ ~/ 358 

Frozen items 	 38 18 25 10 91 

Dehydrated 	 "lJ28 
c.> 
til 	 Flakes 6 6 5 0 17 

Granules o o 3 0 3 
Diced o o 4 1 5 

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

y. i'otal for all West was 79 plants. No further breakdown is available.
1/ Includes one plant in Northwest producing both granules and flakes. Also includes 2 plants in 

Northwest for which form of product is unknown. 



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 (12, 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 properties 
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 
to be influenced by: (1) Quality improvement of existing forms, (2) 
new product development, and (3) the anticipation of a growing economy 
and increased consumer incomes. 

Location of the Potato ~rocessing 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 that 358 
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 tge 28 plants, 
the following numbers 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 to locate plants in areas of concentrated 
production where they are able to obtain ample supplies of potatoes 
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 to each of the two 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 
switch sales from fresh buyers to processor buyers, and conversely, 
for a few cents per hundredweight. Volume of potatoes 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. Negotiations 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.S. No.1 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 pears 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 the processor to market fresh potatoes 
'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 continuity 
of sales. 

Processors have been more successful in penetrating the institutional 
market than the retail 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, four statistical models, consistent with 
economic theory, are developed to explain the demand and price structure 
for the potato industry. The four models represent the following seasonal 
markets: Late summer and fall, winter and early spring, late spring, 
and early summer. Both the single-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 statistical relationships indicated by these analyses 
are then used to make estimates of prices and consumption of the different 
types of potatoes during the period of fit and to predict values of these 
variables for 1961, 1962, and 1963. 

Basic Assumptions 

The economic and statistical assumptions used in formulating 
the economic relations are basic to the chOice of the particular model 
adopted and of the method 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 sections) 
associated with the four basic models used in this study. 

The basic assumptions used in the utilization 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 becomes fixed. 

(2) Potatoes are not a homogeneous product; therefore, different 
quality and size characteristics may lead to diversion of certain po­
tatoes to lower valued uses. 
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(3) Allowance is not made for substitution effects between storage 
(late summer and fall) potatoes and early potatoes. During September­
December, only one type of potatoes (late summer and fall) appears in 
the Nation's commercial markets. Competitive behavior and substitution 
between storage potatoes and early potatoes are analyzed in alternative 
studies, based on individual seasonal markets. 

(4) Consumption of potatoes 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 between retail prices and farm prices is affected 
by changes in cost of marketing services. 

(6) Relationships among the variables are linear in actual numbers. 

This model permits the analyst to estimate the demand for po_ 
tatoes for food, for livestock feed, and for starch. Also it enables one 
to estimate farm price and retail 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 result, the following modifications in 
assumptions are needed for the early crops: 

(1) These models do not develop separate demand functions for 
nonfood 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 any given peri ­
od is the demand for "use" within that period plus the demand for 

storage. 


(4) Prices of early potatoes in one sf,asonal 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 forv:ard into the next seasonal market. 

The early-season models permit the analyst to estimate the demand 
for food for the following types of potatoes: 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 farm price for each 
of these types of potatoes. 

Fitting Procedures 

From the single-and multiple-equation approaches used to estimate 
the coefficients, estimates of elasticities are computed. 
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Fox (U, p.ll) has emphasized that for many agricultural com­
modities, where consumption (or production) can be assumed to be given, 
estimates of price elasticity of demand can be made by use of the single­
equation least squares 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 pota-to 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 obtained 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 SLImmer 
and fall model. To the extent that separate 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 circumstances, consumption 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 simultaneity 
between the jointly determined consumption variables. The limited 
information method and the method of two-stage least squares 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 starch 
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 coefficients. 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 relative 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 identifiability with 
respect to given formulations in a system of equations. It is sometimes 
impossible to estimate coefficients in certain structural equations with 
the data available. Such equations are said to lack identifiability and 
are termed underidentified. Identifiable equations may be .i!:!.§J identified 
or overidentified. In the present analysis, all of .the equations fitted by 
the limited information method are pverl,<'ol.entifieg.21 

!v A rule of thumb or "counting rule" establishes the conditions 
necessary for identifiability. If the number of variables in the system 
(endogenous plus all predetermined variables, counted separately) minus 
the number of variables in a particular equa tion is greater than the number 
of endogenous variables in the system less one, we have an overidentified 
equation. Futher rules on identification are given in Friedman and Foote 
(ll, p. 29). 
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Results of the stiltistical analysis 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 these regression coefficients so that comparisons can 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, it is known that 
there will be deviations from the exact relation due to disturbance factors 
not specified. Important variables may be omitted either because they 
are not available or because their importance is not realized. There­
fore, we can expect nonindependence in the error terms. This non­
independence takes the form of autocorrelation. To test d1e 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 total demand for late summer and fall potatoes 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 summer and fall model formulates a set of economic relations 
which takes into account these different demands or uses for potatoes. 
These structural relations are fitted statistically to measure the re­
lationship between consumption 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 nonfood equations. These 
elasticities facilitate comparisons of the demand characteristics of the 
three outlets. The model also is designed to permit the analyst to estimate 
prices for late summer and fall potatoes at the retail and farm levels. 

Statistical Relations 

Consistent with economic theory and the assumptions stated in the 
preceding sections, five statistical 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 formu.lated at any marketing level--farm, 
wholEis:ale,retail--or some other intel'mediate level. However, as a rule, 
demand relations should be formulated at the marketing level at which 
the key decisions regulating economic flows are made. This model 
assumes that the demand for potatoes consumed as food is generated 
at the consumer level and that factors affecting the demand for food 
should be identified as close to the consumer level as possible. Therefore, 
the retail price of potatoes is used in the demand relation for use as 
food. On the other hand, the farm price for potatoes is closer to the 
point of decision-making for use in livestock feed. Thus, the economic 
variables used in this relation are identified at the farm level. In the 
case of utilization for starch, a price series at the manufacturing level 
would be desirable. But such a series is not available, and consequently 
the farm price is used. 

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

Demand for food 

Ch = al + bllPr + cnDi + cl2Ch + cl31)u + cI.fpv + clST + ul (1)
t-l 

Demand for feed 

Cf = a2 + b2lP f + c21P fs + c22D~+ c23T+ u2 (2) 

Demand for starch 

(3) 

F arm-retail price relationships 

= a4 + b41P + c41M+ u4Pf r (4) 

Identity 

(S) 

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 into the structural model are 
described below. All variables used in this analysis are expressed in 
actual values. Data for price and income variabl,es are in constant 1947-49 
dollars. All variables relate to the seasonal period, August-April, 
and for the years 1947-60, unless otherwise stated. 

The following variables are assumed to be endogenous or jointly 
determined in this model: 1J 

= Apparent per capita consumption of late summer and tall potatoes 
for food; pounds. 

= Per capita use of late summer and fall potatoes for livestock 
feed; pounds. 

C s : Per capita 
pounds. 

use of late summer and fall potatoes for starch; 

11 Endogenous variables are those variables that anl join tly determined 
by the system of equations. 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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:::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. 

,~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 wholesale prices of all commodities, August­
April, 1947-49:.100; dollars per hundredweight. 

The following variables are assumed to be predetermined in this 
model:~ 

:: Apparent per capita consumption of late summer and fall 
potatoes for food, lagged 1 year; pounds. 

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

=Index numbers of price of feeder steers, October 1, divided 
by index numbers of wholesale prices of all commodities, 
August-April, 1947-49 :100. 

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

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

=Dummy va.riab1e (Q 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 potatoesu 
used for feed and starch. 

M =-Index numbers of cost of marketing late summer and fall 

potatoes, divided by BLS index of wholesale prices of all 

commodities, January-December, 1947-49=100. 


T =Time trend; linear, 1947~1. 

Q - (Se + R~Total supply of potatoes available for food, livestock feed 
and starch. 

Results of Statistical Analyses 

The Jal:e summer and fall model assumes that the total supply of 
potatoes is 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 to exist at any given time. 
Thus, prices and consumption in each outlet are jOintly determined. 
Therefo:te, to obtain unbiased coefficients in the structural demand 
relations, the statistical analysis used to estimate these coefficients 

..§j Predetermined variables consist of exogenous variables and lagged 
values of endogenous variables. Exogenous variables are those variables 
whose values are determined outside the system of equations under 
consideration. 
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must allow for simultaneity 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 information 
method and the two-stage least squares method. The same equations 
also were fitted by least squares. 21 Results of these analyses are shown 
below. Numbers in parentheses under the regression coefficients are the 
r"spective standard errors. 

Limited Information Estimates:JiI/ 

Consumption for food 

Ch= 27.320 - 0.343 P +U.OU037 Di +0.586 'b +0.143 P + 4.387 Du (6)r
.(0.138) (0.00404) (0.219) t-l (0.213) pv (3.830) 

+ 0.903 T 
(0.883) 

Consumption for livestock feed 

= 17.465- 2.585 P - 0.008 P + 1.418 Du· - 0.450 TCf f f
(0.723) (0.014) s (0.919) (0.125) 

Consumption for starch 

C = 16.698 - 4.251 Pf - 0.665 Cfr + 4.227 D' + 0.199 T (8) 
s (1.597) (0.493) (1.981) u (0.613) 

Farm-to-retail price relationship 

Pf = 29.445 - 0.236 P - 0.149 M (9)r 
(0.781) (0.287) 

• 
.2J 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 forecastingpotato consumption and prices. 

W In fitting the equations, the time trend and dummy variables 
were omitted from the M zz matrix for all the equations. It has been 
shown that Often, when a variable is only a crude approxima,.tion 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 variables are omitted from the Mzz 
matrix. For further details regarding the handling of particular variables 
in the system, see Friedman and Foote (.!i. pp. 66, 70, 74). Hildreth and 
Jarrett (lL pp. 69-70) have shown that the method of limited informa­
tion allows some predetermined variables to be dropped from the 
matrix of predetermined variables for the entire system, provided. suffi­
cient predetermined variables are used to provide identification. 
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1}g>-s tage. le.as1.s.guares. estimates' 

Consumption for food 

Ch z 25.991-0.398 P +0.00213 D +0.629 C	 +0.120 P v +4.980 Du (6a)
h(0.167) 	r (0.04615) i (0.253) t-l (0.244) P (4.148) 

+0.901 T 
(1.008) 

Consumption for livestock feed 

Cf - 17.438 - 2.568 P - 0.009 Pfs + 1.417 D - 0.449 T (7a) 
(0.718) f (0.015) (0.915) u (0.124) 

Consumption for starch 

Cs = 17.472 - 4.594 P - 0.615 Cfr + 4.219 Du
I 

+ 0.119 T (8a) 
0.724) f (0.422) (2.086) (0.651) 

Farm-retail price relationship 

Pf .. 3.835 + 0.058 P - 0.046 M (9a)
(0.016) r (0.012) 

Least squares estimates: 

Consumption for food 

Ch= 30.970··0.193 P - 0.00437 D. + 0.470 C + 0.205 P (6b)
h

(0.078) r (0.03256) 1 (0.166) t-l (0.169) pv 

+ 2. 7i B D + 0.910 T u
(2.976) (0.714) 


d = 2.624* 
 R2 =.72 

Consumption for livestock feed 

Cf = 16.248 - 1.844 Pf - 0.014 Pfs + 1.383 Du - 0.398 T (7b) 
(0.505) (0.013) (0.825) (0.109) 


d= 3.090* 


Consumption for starch 

Gs = 12.069 - 2.202 Pf - 0.963 q + 4.274 D + 0.678 T (8b)
(1.038) (0.393) r (1.655) u (0.473) 


d.:2.962* 


-Inconclusive test for serial correlation in the reSiduals. 
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F arm-co-retail price relationship 

4.400 + 0.057 P - 0.051 M (9b)
(0.011) r (0.010) 

d: 1.607 6 
4 ~o serial correlation in the residuals. 

Utilization for seed. largely from the late summer and fall crop, 
\hll-s 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 as a variable to be estimated in the statistical 
mOdels. However. an exploratory analysis was conducted for utilization 
for seed to determine the major factors that affec~ this outlet.llJ 

The Durbin-Watson statistic (d) was used to test for serial corre­
lation in the unexplained residuals. The presence of serial correlation 
stems from (l) the extent to which the residuals reflect errors in the 
'data and the extent to which they reflect omitted variables, and (2) the 
nature of the omitted variables. Another possible cause of serial corre­
lation in the residuals is an incorrect specification of the form of the 
relation (65). For equations (6b). (7b). and {8b l. 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 l 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 
obtained for the basic variables in the equations fitted by the simultane­
ous equations technique, indicating that consumption and prices for food 
and nonfood were interrelated and jointly determined. However, reasonable 
results also were obtained when the least squares method was used. 

Higher values of the structural coeffiCients for retail price in 
the food equation and for 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 to the 
standard error of the regression coeffiCients. 

!lI The following equation for utilization for seed was fitted by least 
squares to actual data for 1947-60: 

Se = 11.481 + 1.062 If t 0.569 If - 0.031 Y + 0.118 T (10)e 
(0.496) (0.532) t-l (0.023) t-1 (O.120) 

d = 1.440· R 2 =.70 
where-
Se ~ Apparent per capita utilization of late summer and fall 

potatoes for seed; pounds. 
P f = Season average price received by farmers for late summer 

and fall potatoes, divided by index numbers of wholesale 
prices of all commodities, August-April, 1947-49; dol./cwl. 

P f t-1 !It Pf lagged 1 year. 

Ye t-1 =- Index of technological factors. 

The price elasticity for utilization for seed was found to be -0.19. 
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Gonsumption 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 potatoes for food. Results 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 a 
0.34-pound change in consumption in the opposite direction, when all 

·other factors were held constant. The least squares estimate of the 
coefficient of retail price was 0.19. Thus, a higher coefficient was obtained 
by the simultaneous equations method. A I-pound change in consumption 
in the previous year was followed, on the average, by a O.6-pound change 
in the same direction in consumption in the current year. 

The coefficient associated with price of processed vegetables, 
Ppv, bad the right sign in all analyses but was found to be statistically 
nonsignificant at an acceptable probability level. The effect of per capita 
disposable income on consumption of late summer and fall potatoes was 
positive but the relationship was statistically nonsignificant. Results 
from other regression analyses (not shown) also indicate that the use of 
disposable income as a demand shifter in time series analysis for the 
postwar period has not been entirely satisfactory, 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 to 
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 sign. For this 
equation, however, time trend was not statistically significant at the 
'usually accepted probability leveL Although no statistically significant 
trend was established for per capita use of all potatoes for food, signif­
icant and largely offsetting trends in consumption of fresh potatoes and 
processed potatoes can be observed from 1956, when Statistical Reporting 
Service data first became available, to 1964. 

A dummy variable (O and 1) was introduced into the food equation 
to determine whether any abrupt change in structure had occurred 
because of the shift from fresh to processed use, which could not be 
explained by the time variable. The coefficient for the dummy variable 
was positive, but not statistically significant at an acceptable probability 
level. Consumption of processed potatoes apparently did not increase 
more abruptly in any single year or group of years than the counterpart 
decrease in consumption of fresh--at least not enough so that the rate 
of change was statistically different in one subperiod from that in another. 

Consumption for livestock feed 

Farmers traditionally have fed potatoes to livestock to utilize 
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 
COntinuous {lJ. 

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 vari"ables were significant at the 5 percent 
probability level. The feed equation, fitted by limited information, 
indicated that a 2.6-pound change in per capita use of potatoes for 
livestock feed was associated, inversely, with a $1 change in farm pi-ice, 
assuming no change in the other .fa~tors. 

Normally, heavy. supplies of potatoes at harvest tend to bring 
low prices for potatoes over the entire season in each individual use. 
But as prices fall to low levels, relatively more potatoes are diverted 
~o nonfood uses than to food use. Because of the prohibitive cost of 
transporting low-grade potatoes, demand for potatoes for livestock 
feed is important only in areas where numbers of livestock are rela­
tively high. U suaUy, low-grade potatoes utilized for livestock feeding 
which must be transported from one farm to another are valued at 
slightly more than the cost of transportation from point of sale to point 
of destination. 

The relationships indicate that a unit change in the index of price 
of feeder steers, October 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 time, 
and supplies .of potatoes are relatively large, more potatoes will be 
fed to livestock to get cheap gains. Potatoes will tend to be substituted 
more for feed grains for livestock feeding when price of potatoes is 
low relative to 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 a decrease in use of potatoes 
for livestock feed had occurred. The greatest volume of potatoes diverted 
to livestock feeding occurred during 1947-50, i.e., early in the period 
of analysis. Subsequently, during the period studied, in only 1 year (1956) 
did diversion to this outlet equal the 1947-50 average. The regression 
coeffiCients associated with the time factor for each method of fit 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. 

gonsumption for starch 

The coefficients for the starch equation, fitted by limited informa­
tion, indicated that farm price of potatoes, volume of potatoes 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 to price, in either absolute or percentage terms, 
was somewhat greater than the comparable response of utilization for 
feed. This would indicate that utilization for starch appears to be con­
siderably more variable than utilization for livestock feeding, following 
changes in production. This may be due in part to the institutional setting 
of each of these outlets. Even though 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 to operate at 
capacity; and when production is down, starch operations are curtailed. 
Feeding of potatoes takes place in more States, and feeding patterns tend 
to be more continuous. 
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Volume of potatoes process,ed' for food, efr ' could be expected to 
have some effect on use for starch because frequently field-run potatoes 
are used in each of these two utilizations. The analysis showed that a 0.6 to 
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 quantity 
of potatoes processed for food. The coefficient foT. this variable was 
statistically significant only in the least squares analysis. 

The coefficient for the dummy (0-1) variable, which represents a 
change in utilization structure, was significantly different from zero at 
the 10-percent probability level. The statistical results indicate that 
utilization for starch was a little higher in the late 1950' s compared to 
earHer years. 

F arm-retail price relationships 

Analysis was made of the relationship between farm and retail 
prices for late summer and fall potatoes during 1947-60. The equation 
relating farm price to retail price, fitted by the limited information 
methOd, gave highly unsatisfactory coefficients for the retail price and 
marketing cost variables. When the equation was fitted by two-stage 
least squares, the coefficients appeared reasonable and the signs obtained 
were consistent with economic theory. This also was true lor the least 
squares fit. The equation, as fitted by two-stage least squares, indicated 
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 squares, it was found that a 
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 sensitive to changes in marketing costs. This furnishes statistical 
evidence for the framework developed in an earlier section (see p. 32) 
with respect to the decline in the farmer's share of consumer expenditures 
for potatoes in the postwar period. 

Demand Elasticities 

Table 9 presents elasticities of demand with respect to price for 
utilization of potatoes for food, livestock feed, and starch. Also shown 
are elasticities 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 potatoes for food are 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 food 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 ~all potatoes: Estimates o~ price and income elasticities 

based on single- and multiple-equation models, by type o~ 


analysis, based on data ~or 1947-60 !I 


Analysis 

Limited in~ormation method: ]/ 
Consumption ~or ~ood 

-0 "'" 	 ConsUSption ~or ~eed 
Cons'~tion ~or starch 

Least squares method: '2/

Consumption ~or ~ood 


Consumption ~or ~eed 


Consumption ~or starch 


Value 

Percent 

-0.21 
- .51 
-1.01 

- .12 
- .34 
- ·52 

Demand elasticity with respect to~- gl 
Price Income 

standard 
error Value Standard 

error 

Percent Percent Percent 

0.08 1.::.10 . 07 0.70 
.14 
.38 

.05 1.::.1-. 07 .56 

.10 

.26 

11 Variables used in these analyses are described on pp. 116-123. 

2/ Computed at the mean values o~ the economic variables ~or the period of analysis.

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

~ Coe~~icient does not di~~er significantly ~rom zero when tested at the 10 percent probability 


level.
21 Estimates using the least s'luares method are based on demand equations (6b) through (8b). 



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 limited 
information method for the pre-World WarII perio<;l(analyses not shown). 
When the food equation for 1947-60wasfittedby the least squares method, 
a price elasticity of -0.1 was obtained. The elasticity estimate of -0.2 
obtained by the limited information fit probably is the best estimate 
describing (he demand structure for potatoes for food use. 

Elasticity estimates may differ between various stUdies because 
of inclusion or exclusion of certain 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 R 2 from .62 to .72. 

To determine the importance of processed vegetables as a sub­
stitute for potatoes, this variable was included in the analysis. The 
cross elasticity with respect to price of processed vegetables was found 
to 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 fall potatoes. 
This implies that processed vegetables could be a good substitute for 
potatoes. However, the cross elasticity coefficient is not significant at 
an acceptable probability level. This confirms what other researchers 
have found with respect to food substitutes for potatoes: Consumption­
price relationships are not statistically significal1t with respect to 
substitutability between potatoes and other food groups. 

The income elasticity coefficient of 0.07 obtained for consumption 
of late summer and fall potatoes does not differ significantly from zero. 
This means that changes in the overall average of income, for the period 
of analysis, appear to have little or no effect on consumption. In contrast, 
the income elasticity coefficient computed frOm analyses (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 high incomes. Also, it is hard to sep­
arate, statistically, the effects of income, price level, and time trend 
in the postwar period because of high intercorr~lation between 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 1 percent 
change in farm price, in the opposite direction, holding all other factors 
constant. This shows that the demand for late summer potatoes for 
livestock feed is more elastic than demand for food use. This is logical, 
because livestock feeders who make decisions with respect to feeding 
potatoes or feed grains are relatively sensitive to price changes. In 
addition, any Government program that provides incentives for this use, 
when prices are low, increases the elasticit!' of demand in this use. 

In earlier years it appeared that potatoes for livestock feed became 
more inelastic over time. For the pre-World War II period, the elasticity 
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of demand for potatoes 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 that 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 from the 
computed elasticity for values of the variables for 1947-51. 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 cattle feeders in the postwar 
period appears to be that fewer cattle are being fed on fewer but larger 
potato farms. 

Demand Elasticity for Starch 

The estimate of elasticity of demand for starch for late summer and 
fall potatoes, obtained from the limited information fit, was -1.01. This 
means that a L 01 percent change in consumption for starch was associa­
ted with a I percent 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 capacity 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 ~ Early Spring Model 

The competitive behavior and ease of substItution between winter 
and early spring potatoes and storage potatoes during January-April 
are statistically examined in this model. In addition, as all storage po­
totoes 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 to early-season 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 potatoes from Idaho, 
Maine, and the majority of the Northern States. 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 potatoes to reach the market. Thus, consumers are look­
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 
potatoes. Historically, prices for winter and early spring potatoes have 
been higher than prices for storage potatoes. 

About 60 percent of fall (storage) potatoes 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 potatoes in Jan'uary-April was 4.2 
pounds, while that of storage potatoes was 27.6 pound_so 
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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 potatoes in the winter 
,and early spring market. These relations include (1) demand for winter 
and early spring potatoes for food, (2) demand for storage potatoes for 
food during January-April, and (3) demand for fall potatoes for storage, 
to be consumed in a later period. 

The specific model which takes into account the interactions among 
the various demands is represented by equations (11) through (14): 

Demand for winter and early spring potatoes for food 

(11) 

Demand for storage potatoes for food 

(12) 

Demand for storage (fall potatoes) 

(13) 

Identity 

(14) 

In these relations the jointly determined or endogenous variables 
are Pf ,Ps ,Cf ' and St' The predetermined or exogenous variables 

I I I 
are 01 , M I' Q s ' P s ,Cfr , Sj , and T. The a's represent the constant 

I mc I 
term, the b's represent structural coefficients associated with endogenous 
variables, and the c's represent structural coefficients associated with 
the predetermined variables. The u's represent random error terms and 
those variables not indentified or specified. 

Equations (1J) and (12) represent the demands for winter and early 
spring potatoes and for storage potatoes, respectively. They include 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 function to the farm level. A preferable 
demand function would include a retail price, but a series on retail prices 
for seasonal potato crops is not availa.ble. 
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Equation (3) is the demand"relation for storage stocks of potatOes 
carried over to spring. It is hypothesized that the quantity stored at a 
p.'1rfdcular point in time, say May 1, is det.ermined by sustained changes 
in monthly prices received by farmers, volume processed into food, and 
initial stocks of potatoes on hand at the beginning of the storage period. 12/ 
During January-April, storage potatoes consumed for food, disposition 
under Government programs, quantity of stOrage stocks on May 1, and 
disappearance for miscellaneous use, shrinkage, and loss must equal 
total storage 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: 

PEl= 	Season average price received by farmers for winter and early 
spring potatOes, diVided by BLS consumer priced index, January­
April, 1947-49"'100; dollars per hundredweight. 

PfI'''' 	Simple average of monthly prices received by farmers for fall 
(stOrage) potatoes, January-April, diVided by BLS consumer price 
index, 1947-49=100; dollars per hundredweight. 

q 1::: 	 Apparent per capita consumption of fall (storage) potatoes for food, 
January-April; pounds. 

St :; 	Estimated 'per capita quantity of fall potatOes in stOrage, chiefly 
for food, May Ii pounds. 

The 	 variables assumed to be predetermined in this model are: 

Q ~ Apparent per capita consumption of winteI' and early spring po­s l tatoes; pounds. 

0 ; Per capita disposable income, 1st quarter, divided by BLS consumer
1 price index, January-April, 1947-49:: 100; dollars. 

::: 	 Index numbers of cost of marketing potatOes, diVided by BLS index 
of wholesale prices of all commodities, January-December, 1947­
49=100. 

PsmC"Sustained monthly price change for potatOes at the farm level, in 
one direction only, November-April, divided by BLS index.of whole­
sale prices of all commodities, November-April, 1947-49: 100; 
cents per hunrl:-edweight. 

!.y Further discussion on demand for stOrage and the underlying 

assumptions is given in the appendix on pp. 104. 
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= Percentage of total food utilization of potatoes processed into foodCfr
I products. 

=' Per capita disposition under Government programs of fall (storage) 
potatoes. 	 . 

Sj =	Estimated per capita storage stocks of fall potatoes, January I; 
pounds. 

R :. 	Per capita disappearance of potatoes for miscellaneous uses, 
shrinkage and loss, January-April. 

T ._ 	 Time trend; 1947=1. 

Results of Statistical Analyses 

Estimates of the structural coefficients in the demand relations 
(11) and (12) were obtained hy the limited information, 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 resuhs of these analyses 

are presented below. Numbers in parentheses are the standard errors of 

the respective regression coefficients. 


,Limited information estimates, 

Demand for winter and early spring potatoes for food-

Ps =3.088 - 0.017 Q + 1.120 P + 0.000540 - 0.030 M + 0.013 T (15) 
I (0.206) sl (0.381) fl (0.00069) 1 (0.054) 1 (0.169) 

Demand for fall (storage) potatoes for food 

Pf :.18.743 - 0.339 Cf + 0.582 P - 0.00402 Dr 0.046 M + 0.179 T (16)
I1 (0.170) 1 (0.274) s1 (0.00554) (0.048) (0.162) 

Two stage least squares estimates: 

Demand for winter and early spring potatoes for food 

Ps .. 4.800 - 0.068 Os + 0.857 If - 0.00117l1. - 0.018 M 1+ 0.033 T (15a) 
1 (0.174) 1 (0.294) 1 (0.00151) (0.046) (0.145) 

Demand for fall (storage) potatoes for food 

= 14.584 - 0.273 C + 0.636 p. - 0.00336 0 - 0.031 M + 0.142 T (l6a)Pf f 	 1 11 (0.121) 1 (0.215) s 1 (0.00443) (0.036) . (0.126) 

54 



Least squares estimates: 

Demand for winter and early spring potatoes for food 

P = 6.022 - 0.105 Q + 0.669 Pf - 0.00239 I1. - 0.010 M l + 0.047 T (I5b)s 
1 (0.164) 

s 
1 (0.231) 1 (0.00551) (0.043) (0.138) 

d =1.612* 

Demand for fall (storage) potatoes for food 

P = 9.351 - 0.188 C + 0.698 P - 0.00257 D - 0.013 M + 0.096 T (I6b)
f f s 1 1 
1 (0.053) 1 (0.156) 1 (0.00369) (0.025) (0.096) 

d= 2.1914 

Demand for storage (fall potatoes) 

St: -10.867 - 0.020 P + 0.261 Cf + 0.281 Sj (I7)
(0.008) 

smc 
(0.085) q (0.115) 

d", 2.274 A 

* Inconclusive test for serial correlation in the residuals. 

A No serial correlation in the residuals. 


The !)-JrIJin-Watson statistic (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) the test shows that no serial cor­

relation exists in the residuals. For equation (I5b), the test is incon­

clusive. 


The results from the three methods of fit indicate that winter and 
early spring potatoes are in direct competitiOn with storage potatoes in 
the winter and early spring market. With the exception of the coefficient 

"associated with supplies of winter and early spring potatoes (Qsl) in 
equation (15), the price and quantity variables are statistically signifi ­
cant at the 10 percent probability level in all analyses. Also, for equation 
(15) the simple correlation coefficient, -0.64, between quantity (Qsl) and 
price (Ps» of winter. and early spring potatoes (analysis not shown), 
was significant. But, as indicated, supplies of winter and early spring 
potatoes 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 
(ith commodity) is maslced and :1ard to identify becaiJse consumption 
of winter and early spring potatoes Oth commodity} makes up only about 
one-!leventh of total per capita consumI:tion during January-April. 
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The relationships indicated that a I-Pound change in per capita 

consumption of storage potatoes (January-April) was followed, on the 

average, by a 34-cent change in own price in the opposite direction. 

The coefficient for consumption of storage potatoes was significant at 

the 10 percent probability level. Since storage potatoes dominate the 

winter and early spring market, the relationships between price and 

consumption were close, as expected. 


. The anal'yses in?icated a positive relationship between consumer 

Income an'a pnc\3! of wmter and early spring potatoes. This would indicate 

tha~ housew,ives tend to purc~as,e more winter and early spring potatoes 

as m,c~me mcr~ases, and thIS m turn tends to increase the price. The 

coeffIcIent for mcome, however, was not statistically significant at an 

acceptable probability level. 


For storage potatoes, results obtained by the limited information • 
method indicated a negative relationship between 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 (J.l), high intercorrelation be­
tween independent variables may mean lower reliability for individual 
regression coefficients and may even result in a change of sign in a 
regression coefficient. 

The trend coefficients in equations (15), (15a), and U5b) su.ggest 
that there has been little net trend in the price of winter and early spring 
potatoes. The trend coefficients for price of storage potatoes (January­
April) were generally larger than their standard errors in all of the 
analyses and showed a positive trend. However, none of the trend coef­
ficients were statistically significant at an acceptable probability level. 
Since there appears to be no statistically significant net trend in prices 
or in consumption of winter and early spring potatoes, 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 (St). 
The relationship indicated that storers tended to sell after an extended 
price increase and tended to hold 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 coefficient for sustain­
ed month-to-month change in prices was statistically significant at the 
5-percent probability level. The other explanatory variables, i.e., volume 
of processing, Cfrl , and storage stocks on January 1, St , 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 
out-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. - Consumption and storage relationships for potatoes (January-April): Estimates of 
price and ;ncome elasticities based on single- and multiple-eq,uation models 

by type of analysis, based on data for 1947-60 ~/ 

Price elasticities g/ : Income elasticitit!s Y 
Analysis and type Direct Cross 

of potatoes Standard• Standard Standard ValueValue : Value errorerror error 

r{:t. Pct. Pct. Pct. Pct. Pct. 

Limited information method: 11 
Winter and early spring !!./-2.63 3·19 2.07 0·70 4/0.32 0.38 

tJl 
-...] Storage (marketed for food) - .21 .10 .17 .08 ~/-.34 .51 

Least sq,uares method: 1/ 
Winter and early spring Y-4.26 6.65 1.99 .69 
Storage (marketed for food) - ·37 .10 .38 .08 !!.I-.50 .67 
In storage, May 1 - .56 .22 

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

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

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

~/ Coefficient does not differ significantly from zero when tested at the 10 percent probability 


level. 
5/ Estimates obtained by the least sq,uares method are based on demand eq,uations (15b), (16b), and 

(17) • 



centers on elasticity measures designed to L,(.,.::ate the degree of competi­
tion and substitution between winter and early spring potatoes and storage 
potatoes. Elasticities 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 to those obtained from the 
limited information estimates. 

Price elasticities 

Estimates of price elasticities of demand were obtained for winter 
and early spring potatoes, storage potatoes marketed in January-April, 
and May 1 storage stocks (table 10). The elasticity coefficient obtained 
by the limited information fit of equation (15) indicates that a 1 percent 
change in price of wi.nter and early spring potatoes was followed by a 
2.6 percent change in consumption, in the opposite direction, holding 
income and other factors constant. Based on the least squares method 
of fit, the elasticity was -4.3. The results point to an elastic demand for 
winter and early spring potatoes. 

The cross elasticity obtained by the limited information approach was 
2.0 for winter and early spring potatoes with respect to the price of 
storage potatoes. The values for direct and cross price elasticities, 2.6 
and 2.0, respectively, for winter and early spring potatoes indicated 
that a general case of substitutability existed between the twO types of 
potatoes. But the apparent difference in the twO elasticity measures sug­
gests that housewives regard winter and early spring potatoes and storage 
potatoes as differentiated products. Consumer preferences for certain 
types of potatoes in the winter and early spring market result in price 
differen tials between them.W 

For storage potatoes (January-April) the estimate of direct elas­
tkity, based on the limited information method, was -0.2. This elasticity 
coefficient Is equivalent to the elasticity coefficient Of -0.2 obtained for 
late summer and fall potatoes for the entire season. Accordingly, storage 
potatoes during January-April are assumed to be markedly inelastic. This 
result agrees with preliminary analyses which showed that storage 
potatoes heavily dominate supplies during this season. 

The cross elasticity obtained by the limited information method 
was 0.2 for storage potatoes with respect to the price of win ter and early 
spring po;:.:.~_~s, which also is inelastic. The cross elasticities for winter 
and early spring potatoes and storage potatoes (January-April), 2.0 and 
0.2, respectively, were significantly different. However, probably not too 
much importance should be attached to the differences in these cross 
elasticities since the levels of the quantity series differ significantly. 

Price elasticity of demand for storage stocks was found to be -0.6. 
That is, a 1 percent change in the price of storage potatoes 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 

W Average wholesale price, January through April, 1960-64, on the 
New York wholesale market was. $6.06 per hundredweight for Florida 
potatoes and $6.28 per hundredweight for California winter potatoes, 
compared 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, total inventory value 
of storage stocks declines as price falls. 

Income Elasticities 

Estimates of income elasticity based on the limited information 
method suggested that a 1 percent change in consumer disposable income 
was followed by a 0.3 percent change in the same direction in consumption 
of winter and early spring potatoes, holding all other factors constant. 
This result appears to confirm the belief that, as incomes rise, housewives 
lend to buy more winter and early spring potatoes. 

The estimate of income elasticity based on the limited information 
.IT.lethod suggested that 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 coefficient compares 
with a zero income elasticity coefficient obtained for late summer and 
fall potatoes over the entire marketing season. However, the coefficient 
was not statistically significant at an acceptable probability level. As 
mentioned previously, the use of average income in time series analysis 
to explain changes in price or consumption of potatoes is not very mean­
ingful. Cross-section analysis showsthat consumer responses differ with 
different levels of income. 

Late Spring Model 

In the late spring market, early California potatoes and potatoes 
from the Southeastern States compete with storage potatoes chiefly from 
Maine and Idaho. By this time of year, supplies of storage potatoes have 
dwindled and the dominant potatoes for the United States as a whole are 
late spring potatoes. Average per capita consumption of late spring 
potatoes during late spring for 1947-60 was about 15.5 pounds per 
person, and of storage potatoes (May-June), about 4 pounds per person. 
Improved storage facilities for fall potatoes and other technological 
improvements have resulted in increased late season use of storage 
potatoes. In 1958-60, per capita consumption of storage potatoes (May­
June) was 5.0 pounds, an increase of 1.9 pounds from the levels of 
1951-53. During this same period, per capita consumption of late spring 
potatoes declined 1. 4 pounds to an average of 14.0 pounds in 1958-60. 
These consumption figures are averages for the United States as a 
whole; the relative importance of supplies of late spring potatoes and 
storage potatoes depends on the location of the market. For example, in 
many Northern and Eastern cities, storage potatoes are still the dominant 
type of potatoes in late spring. 

Structural Demand Relations 

The theory of individual consumer demand for two closely competing 
commodities specifies that the quantities consumed of each depend on its 
own price, the price of competing commodities, and other common factors 
such as income and tastes. 

To illustrate, the quantity oflate spring potatoes or storage pota toes 
consumed (M ay-June) depends upon price of late spring potatoes, price of 
storage potatoes, consumer income, and other factors. Furthermore, the 
theory specifies that the individual demands may be summed to equal total 
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demand for potatoes in the late spring market. For example, the aggregate 
demand relations may be written as follows: 

Demand for late .pring potatoes 

(18) 

Demand for storage potatoes (May-June) 

(19) 

where QS2 represents consumption of late spring potatoes; Qf2 the con­
sumption of storage potatoes; PS2' the farm price for late spring potatoes; 
Pf2, the farm price for storage potatoes; D2, disposable income; M2, mar­
keting costs; and T, the time variable. The u's represent random dis­
turbances due to unspecified influences. The marketing cost variable is 
included in the demand relation when retail prices are not available, as in 
this case. As in the other analyses, the time variable is used to represent 
gradual changes in tastes over time. 

Results of Statistical Analyses 

In the late spring market, the supply of potatoes (from the late 
spring crop and from storage) available for consumption in any given 
year is fixed. Thus, prices of potatoes in any given·year in this market, 
after allowing for other factors such as consumer income, are deter­
mined by the volume of potatoes marketed. Furthermore, prices of 
late spring and fall potatoes 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 structural demand re­
lations (18) and (19) must take into account the joint determination of 
the prices of late spring and prices of storage potatoes (May-June). As 
both of these equations are just identified, the reduced-form method of 
fitting structural equations can be used. !.if The reduced-form equations 
corresponding to the structural demanorelations (18) and (19) are as 
follows: 

(20) 

(21) 

• 
!1! The method consists of three steps: (1) The structural equations 

are algebraicaUy transformed into reduced-form equations so that each 
endogenous variable is expressed as a function of all predetermined 
variables, (2) the reduced-form equations are fitted by least squares, 
and (3) the regression results a!·e then algebraically transformed back 
into the original structural equations. Meinken, ltojko 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, PS2 and Pf2 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 structural 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. Data 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 commodities was taken to represent 
index of marketing costs. The statistical results are presented in equa­
tions (22) and (23). Numbers in parentheses under the coefficients are the 
respective standard error.s. 

Late spring potatoes 

~ :0:. 10.332 - 0.464 Q - 0.362 Qf + 0.00427 D - 0.043 M 2 (22)s 	 2 
2 (0.060) 2 (0.056) 2 (0.00326) (0.025) 

- 0.101 T 

(0.092) 

d =3.238* 	 R 2 =- .92 

Storage potatoes (MayqJ une) 

:II: 10.521 - 0.301 Q - 0.518 Or + 0.00337 D2 - 0.056 M2 (23)Pf s 
2 (0.124) 2 <0.116) 2 (0.00673) (0.051) 

- 0.035 T 
(0.190) 

d :: 2.765* 

·Inconclusive test for serial correlation in the residuals. 

Variables 

The variables for this model are defined as follows: 

Ps 2~ 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. 

Pf 2 -: 	 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 2= Apparent per capita consumption of late spring potatoes; pounds. 

Qf = Apparent per capita consumption of storage potatoes (May-June) 
2 for food; pounds. 

D2 :: 	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:o 	 Time trend; 1947=1. 

The Durbin.-Watson statistic (d) tests the unexplained residuals 
from an equation fitted by least squares to see if successive values are 
serially correlated. 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 5 percent probability level. The relatively high values of the coef­
ficients of mUltiple determination for the equa tions in this model in­
dicated that the exogenous variables tended to explain a large portion 
of the variation in farm prices of late spring potatoes and storage po­
tatoes (May-June). 

Price-consumption relationships in equation (22) indicated that a 
I-pound change in per capita consumption of late sVring potatoes was, 
on the average, followed by a change in farm price of 46 cents per 
hundredweight in the opposite direction, a 11 other factors held constant. 

Relationships in the same equation indicated that a i-pound change 
in per capita consumption of storage potatoes (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 direction. Thus, the rela­
tively large influence of competing supplies on the price of late spring 
potatoes indicates that fairly close competition exists between these two 
types of potatoes. Each is identified with the same economic market. 
However, price of late·spring potatoes Is affected substantially more 
by supply of those potatoes than by competing supplies. This indicates 
that consumers recognize these as tWO different types of potatoes. Fur­
thermore, each type of potatoes sells at different prices.§' 

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

!21 Average wholesale prices for May-June, 1960-64, on the New York 
wholesale market were $5.82 per hundredweight for Western Long White 
potatoes, compared to $3.72 per hundredweight for storage potatoes. 
About the same relative difference existed for retail prices per hundred­
weight on the New York retail market between Western Long White 
potatoes and storage potatoes for the same period. 
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The negative trend coefficients, -0.10 and -0.04 respectively for 
the late spring and storage potato equations, indicate a decline in deflated 
prices over time. The standard errors, however, are large. Per capita 
consumption of late spring potatoes dropped slightly but actual (undeflated) 
prices of late spring potatoes showed no significant trend. This indicates 
no major change in overall demand. However, it is likely that demand for 
la.te 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 market. 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 11 indicates that a 1 percent change in price of late spring 
potatoes was followed, on the average, by a 0.6 percent change in consump­
tion, in the opposite direction, holding income and other factors constant. 
The results point to a moderately inelastic demand for late spring po­
tatoes. The cross elasticity for late spring potatoes with respect to price 
of storage potatoes was 0.4. 

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

The cross elasticities for late spring potatoes and storage po­
tatoes, 0.4 and 1.3, were significantly different. However, probably not 
too much importance should be attached to the differences in these cross 
elasticities since the levels of the quantity series differ significantly, 

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 fall model. 
Anumber of plausible explanations can be made. For example, the 
direct and cross price elasticities obtained from the late spring model 
indicate that a substantial degree of substitutability exists between 
late spring potatoes and storage potatoes. Where substitution in demand 
is relatively great, the indications point to 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 obtained between storage potatoes in May-June and storage 
potatoes in all seasons may be simply due to arithmetic--a relatively 
small consumption rate in May-June, as against a relatively large 
consumption rate for the whOle year. 

Early Summer Model 

As with the other early-seas')n models, the objective is to measure 
the substitution effects between the dominant and other seasonal types of 
potatoes marketed in the early summer market (July-August). 
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Table 11.- Consumption relationships for potatoes (May-June): Estimates of price and 
income elasticities of demand, based on data for 1947-60 !/ 

Price elasticities y ~ Income e~ti~it1e-;gT 
Analysis and type Direct Cross 

of potatoes Standardstandard standard ValueValue Value errorerror error 

Pct. Pct. Pct. Pct. Pct. ·Pct. 

Reduced-form l!l2thod: 11 
Late spring !i/ -0·59 0.08 0.38 0.06 2/0.38 0.29 

0­

"" storage (marketed for food) §.! -1.88 .42 1.32 .54 2/ .48 ·94 

!I. Variables used in this analysis are described on p. 121. 

g; Computed at the mean values of the economic ~'iables for the period of analysis. 

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

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

11 Coefficient does not differ significantly from zero when tested at the 10 percent probability 


level. 
&/ 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 
Carolina, and (2) late summer potatoes from a majority of the Northern 
States. 

During 1947-60, about half of all potatoes entering the early summer 
market were early summer potatoes; about 15 percent were late spring 
potatoes; and 35 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 quantities, 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 summer potatoes vary from one year to the next, 
and have marked influences on consumption and prices of the in-between, 
early summer crop. 

structural Demand Relations 

Substitution and competitive behavior among the three types of 
potatoes in the early summer market are taken into account in equations 
(24) through (26r. 

Demand for early summer. potatoes 

Q (24)P :a 1+ bll + b12 PS2(S) + b13 PIs + C lP3 + c I2 M3 + c I3 TS3 S3 

+ ul 

Demand for late spring potatoes in early summer 

Demand for late summer potatoes in early summer 

(26) 

In these relations the endogenous variables are Ps3 , PS2(s)' PI , 
and the predetermined variables are QS3 ' QS2 ' Qls' D3" M3, and ~. 

Variables 

All variables used in this analysis are expressed in actual values. 
Data for the price'and inc~me variables are in constant 1947-49 dollars. 
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All variables relate to a seasonal period (July-August) except marketing 
costs, which represents a calendar year. The description of the variables 
follows: 

PS3= Season average price received by farmers for early summer 
potatoes, divided by BLS consumer price index, July-August, 
1947-49:100; dollars per hundredweight. 

Ps 2 (&) == 	 Average price received by farmers for late spring p::>tatoes, 
July-August, divided by BLS consumer price index, July­
August, 1947-49"100; dollars per hundredweight. 

PIs := Average price received by farmers for late summer potatoes, 
July-August, divided by BLS consumer price index, July-August, 
1947-49=100; dollars per hundredweight. 

QS3 ~ 	Apparent per capita consumption of early summer potatoes for 
food; pounds. 

QS2=Apparent per capita consumption of late spring potatoes for food; 
pounds. 

Ql-= Apparent per capita consumption of late summer potatoes for 
s food; pounds. 

D3 ~ 	Per capita disposable income, 3rd quarter, divided by BLS 
consumer price index, July-August, 1947-49::100; dollars. 

M3':: Index numbers of cost of marketing potatoes, divided by BLS 
index of wholesale prices of all commodities, January-December; 
1947-49=100. 

T :: Time trend; 1947'e1. 

Results of Statistical Analyses 

Estimates of coefficients in relations (24) through (26) were 
obtained by the limited information, two-stage least squares, and ordinary 
least squares methods. The analyses were based on actual data in 
arithmetic terms for 1947-60. As in other seasonal markets, farm price 
was used as the dependent variable in all demand relations, since retail 
price by type of potatoes was not available. Numbers in parentheses under 
the coefficients are the respective standard errors. 

Limited information estimates; 

Demand for early Bummer potatoes. 

PS3:: 	-2.139 - 0.107 Qs3 + 0.639 PS2(s) + 0.501 P 1s + 0.00339 D3 (27) 
(0.059) (0.204) (0.395) (0.00190) 

-0.010 M3 - 0,0101 T 
(0.023) (0.056) 
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Demand for late spring potatoes in early summer 

PS2(s)"" 9.163 - 0.284 QS2+ 1.791 PS3 - 0.0010903 - 0.052 M3 (28) 
(0.453) (0.522) (0.00046) (0.061) 

+ 0.043 T 
(0.040) 

Demand for late summer potatoes in early summer 

PIs -1.285 .. 0.156 Q1s + 0.495 PS3 	 + 0.00056 0 + 0.005 M - 0.097 T (29)
3 3

(0.226) (0.267) 	 (0.00060) (0.038) (0.222) 

Two-stage least squares estimates: 

Demand for early summer potatoes 

'"' 5.000 - 0.208 Q S3 + 0.783 PS2(S) - 0.197 PIs + 0.00241 D3 (27a)P S3 
(0.291) 	 0.255) (0.198) (0.00731) 

- 0.046 M -0.110 T 
(0.110) 3 (0.208) 

Demand for late spring potatoes in eady summer 

P S2(S)= 9.163 - 0.284 QS1+ 1.791 P S3 - 0.0010903 - 0.052 M3 (28a) 
(0.454) (0.521) (0.00047) (0.062) 

+ 0.043 T 
(0.040) 

Demand for late summer potatoes in early summer 

PIs=' 1.285 - 0.156 Q
1 	

+ 0.495 P S3 + 0.00056 D 3 + 0.005 M 3 (29a) 
(0.229) 	 S (0.269) (0.00060) (0.038) 

- 0.097 T 
(0.224) 

Least squares estim,ates: 

Demand for early slimmer potatoes 

PS3 = -3.380 - 0.096 QS3 + 0.706 PS2(s) + 0.507 PI + 0.00362 0 (27b)
3(0.032) (0.129) (0.130) s (C. 00168) 

- 0.004 M 3 -0.108 T 
(0.015) (0.050) 

d :: 2.635* 
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Demand for late spring potatoes in early summer 

PS2(s) =6.950 - 0.071 QS2 + 0.546 P$3 - 0.00239 D - D.023 M (28b) 
(0.042) (0.103) (0.00226) 3 (0.016) 3 

+ 0.071 T 
(0.074). 

d: 1. 773* R 2 =.96 

Demand for late-summer potatoes in early summer 

Pls'= 2.341 - 0.075 Qls + 0.756 PS3 - 0.00142 D3 + 0.004 M3 (29b) 
(0.178) (0.086) (0.00383) (0.028) 

- 0.016 T 
(0.150) 

d =2.619* 

* Inconclusive test for serial correlation in the residuals. 

The statistical results indicate that early summer, late spring, and 
late summer potatoes do compete in the early summer market. The coef­
ficients of mUltiple determination for each demand equation fitted by 
least squares indicate that the explanatory variables accounted for over 
90 percent of the variation in farm price for all seasonal potato crops 
~arketed in early summer. 

The coefficients obtained by the limited information method indicated 
that a I-pound chailge in per capita consumption of early summer potatoes 
was followed inversely, on the average, by an ll-cent change in price of 
early summer potatoes. When the same relation was fitted by least 
squares, the relationship between price and consumption of early summer 
potatoes was improved and this coefficient was significant at the 5 per­
cent probability 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 to 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 

Table 12 presents price and income elasticities applicable to the 
early.summer market. Elasticities are computed only for the coefficients, 
o~tained by the limited information method and theleast squares method. 
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Tab~e ~2.- Consumption re~ationships for potatoes (Ju~y-August): Estimates of price and income 
e~asticities based on single- and multiple-equation models, by type 

of analysis, and based on data for ~941-60 11 

Income e~asticities
Price elasticities gJ gJ 

Analysis and type Cross e~asti- Cross elasti-Directof potatoes city (a) city (b) 
StandardValue error

Standard Standard: StandardValue Value Value error error error 

Pct. Pct. Pct. Pct. Pct. Pct. ·Pct. Pct. 

Limited information method: ~ 
Early summer.JJI ~-0.61 0.31 0.44 0.14 §l0.28 0.22 §l0.52 0.35 
Late spring 1 ~- .52 .83 .89 .26 -.18 .08 

L.ate summer 'JJ "§j- .48 .70 '21.29 .16 §I .24 2.40 


Least squares method: §! 
Early summer.)jl - .75 .25 .54 .10 .32 .08 .39 .14 

Late spring 1 ~-1.04 .62 1.35 .25 ~-.8~ .8~ 

Late summer 'JJ "§j-1.0~ 2.40 ·92 .~o "§j1.32 5.28 


11 Variables 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.

3/ Based on coefficients in equations (21) through (29). 

~ Computed from an equation in which cross elasticity (a) is with respect to price of ~ate spring potatoes and 


cross e~asticity (b) is with respect to price of late summer potatoes. 
5/ Coefficient differs significantly from zero when tested at the 12 percent probability level. 
~ Coefficient does not differ significantly from zero when tested at the ~O percent probability ~evel.
'JJ Co~puted from an equation in which cross elasticity (a) is with respect to price of early summer potatoes. 
§! Based on equations (27b) through (29b). 



Price elasticities 

Estimates of price elasticity of demand obtained by the limited 
information method given in table 12 indicate that a 1 percent change in 
price of early summer potatoes was followed, on the average, by a 0.7 
percent change in consumption, in the opposite direction, holding income 
and other factors constant. 

The results point to a moderately inelastic demand for early summer 
potatoes. The cross elasticity with respect to price of late spring potatoes 
obtained from equation (27) was 0.4, and from the same equation with 
respect to price of late summer potatoes, 0.3. The values obtained for 
direct and cross price elasticities indicate that a general case of sub­
stitutability exists among the three tYl;es of potatoes. But the cross 
elasticities obtained for early summer potatoes are relatively lower than 
they were for other early-season markets. This suggests a relatively 
lesser substitution effect of early summer potatoes for late spring po­
tatoes and late summer potatoes than for competing types of potatoes in 
the other early-season markets. The finding of relatively low cross 
elasticities for early summer potatoes is a little surprising, since all 
of the seasonal types of potatoes competing in the early summer mar­
ket are perishable. Consumers were not expected to be able to differentiate 
as well between types of perishable potatoes as between early potatoes 
and storage potatoes. 

Direct and cross prke elasticities for late spring potatoes (July­
August) obtained 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 hlgh positive cross 
elasticity gives strong evidence of substitutability. The apparen [difference 
between direct and cross price elasticities for la te spring potatoes implies 
that consumer preferences exist and these result in different selling 
prices for the different types of potatoes. A caution shduld be given on the 
size of the cross elasticity coefficient in equation (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 for direct and c!"oss price elasticities for late summer 
potatoes (July-August) obtained from equation (29) were -0.5 and 0.3, 
respectively. Again, they indicate that substitutability exists between 
late summer potatoes and early summer potatoes. As with early summer 
potatoes and late spring potatoes, the apparent difference between the 
direct and cross elasticities points to differentiation between the two 
types of potatoes. The least squares analyses for equations (28b) and 
(29b) yielded direct and cross price elasticity coefficients for late spring 
potatoes and late summer potatoes that seemed unreasonably high. 

As in the other seasonal markets, different prices were received 
at the wholesale level for different seasonal crops of potatoes. ljl 

!21Average wholesale prices for 1960-64, on the New York wholesale 
market, were $3.58 per hundredweight for early summer potatoes, $5.94 
per hundredweight for late spring potatoes marketed 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 tendency for prices to 
decline over the summer as harvest increases. 
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DEMAND ELASTICITIES FROM OTHER STUDIES 
Most previous statistical studies of demand for potatoes considered 

principally the total U. S. potato crop (all seasons) as the sllbject for 
research. Results of many of these studies 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 
seasonal types of potatoes or for individual demands for different uses. 
The relatively recent studies of Shuffett <Wand Zusman (68) were the 
first to divide the total U. S. potato crop into" winter" and" spring" 
markets. 

Estimates of price elasticity of demand obtained by previous 
researchers from regression analysis for the total U.S. crop ranged 
from -0.16 to -0.39. These studies analyzed price and quantity data 
for the pre-World War II period. Fox obtained an income e1a~ticity' 
of demand for total U.S. potatoes for the pre-World War II period of 
approximately 0.8. When seasonality of production was disreg~rded, 
as it was in most of the earlier studies, the demand for potatoes 
appeared to be markedly inelastic. 

Shuffett (38) found price elasticities of demand of -0,47 for the 
early and intermediate crops, -0.25 for the late crop, and about -0.30 
for total U.S. potatoes. He attributed the higher elasticity coefficient 
obtained for total U.S. potatoes, compared to that for the late crop, to 
inclusion of early potatoes, for which the demand was more elastic, in 
the former analysis. 

Gray, Sorenson, and Cochrane (15) and Simmons (39) developed 
theoretical analyses in their researcnon problems of iIistability in 
potato prices and income to farmers. Both studies 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 
little was known at the time their report was published about substi­
tutability between potatoes from different producing areas. 

Zusman gave price flexibility coefficients for four types of po­
tatoe!:>: (1) Winter, (2) storage--carried over to spring, (3) Califor­
nia early, and (4) other early States. The reciprocals of price flexi­
bility are often taken to represent elasticities of demand. In table 
13, demand elasticities have been computed from Zusman's price 
flexibility coefficients. Price elasticity for winter (storage) potatoes 
from Zusman's study is considerably lower than those obtained by 
earlier research workers. Zusman noted that previous studies had 
used gross production as the quantity variable, whereas he used dis­
appearance for food, and the use of latter data may have produced 
this result. Also, his study indicated that demand for late summer and 
fall potatoes for nonfood use is more elastIc than the demand for food. 

Zusman used an unusual procedure for computing price flexi­
bilities for (1) California spring potatoes, (2) other early spring po­
tatoes, and (3) storage potatoes 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 to 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 

Demand elasticity with respect to--
Form Pe"iod Time 

l'l~t;nod 01' analyis Quantity Own price Incomeof of trend 
and study measuredata analysis coefficient Standard Standard 

Value Valueerror error 

teast squares. 
Schultz (35), !I 

Total potatoes Logarithms 1915-29 Consumption -0.002 -0.32 0.02 

Fox (12) 
Total pot.atoes 

do. 3/ . 
Gray, Sorenson, and. Cochrane ®) : 

Total potatoes 
do. 

do. 
do. 

do. 
do. 

1922-41 
1922-111 

1910-42 
1923-41 

Production 
Consumption 

Consumption 
db. 

.35 

.26 
- .22 

- .39 
- .16 

.02 

.03 

(4)
(4) 

Y 0.83 0.23 

i3 
Shuffett (38), 21 §/ 

Early and intermediate 
Late 
Total 

Simmons (12.), Y 
Eastern region 
Central region 
~laine 

Ninn.-N. Dak. 

do. 
do. 
do. 

Actual data 
do. 
do. 
do. 

1920-41 
1920-41 
1920-41 

1951-60 
1951-60 
1951-60 
1951-60 

Production 
do. 
do. 

do. 
do. 
do. 
dO. 

- .47 
,.•25 
- .28 

- .13 
- .16 
- .32 
- .64 

.08 

.02 

.02 

.05 

.ll 

.07 

.40 

.46 

.35 

.42 

.25 
·09 
.08 

TWo-stage least souares: 
Zusman (68), 6/­

Winter­ -
Storage-carried over to spring: 
California early 
Other earlY 

do. 
do. 
do. 
do. 

1930-58 
1930-58 
1930-58 
1930-58 

Consumption 
do. 
do. 
do. 

.008 .14 
.71 

- ·29 
- .56 

·09 
.19 
.13 
.19 

11 Prices received by farmers deflated by index of U.S. industrial production. y Derived from income flexibility. :lI Pric(l 
undeflated in tlleseequations. !!.I Not available. 21 Price undeflated in all equations. §) 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 
coefficients in thl.s table is subject to the cautions given with regard to such derivations by Meinken, ilojko, and Kil1~ (28, pp. 
732-734). 



studies. The use of total supplies in spring for computation of the 
price flexibilities at their mean values gives a quite different price 
flexibility (and price elasticity of demand) from that derived by use 
of the mean value of the relevant single quantity variable. Computation 
by the former procedure tends to overstate the value of the price 
flexibility coefficient (understate the value of the price elasticity of 
demand). 

None of the studies discussed here analyzed aU of the inter­
relationships in the different seasonal potato markets which are implied 
in published data on seasonal categories provided by the Statistical 
Reporting Service. The most recent studies, however, made different 
attempts to allow for competing supplies of potatoes. In this manne:z; 
improved estimates of own price-consumption 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 potatoes that compete in each of the three 
early-season markets. 

PREDICTION FROM STATISTICAL MODELS 

A very important function of a statistical model is its ability to 
correctly predict variables for years beyond the period of fit. For 
instance, an analyst may want to obtain projections of per capita con­
sumption, retail price, or farm price of late summer and fall potatoes, 
for 1, 2, or 5 years ahead. Or he may be interested in estimating farm 
price or consumption of early potatoes. In addition, policymakers or 
members of the industry may be interested in forecasting direction 
of change in prices and consumption of potatoes. 

This section evaluatE's the statistical models for their ability to 
correctly predict direction of change in prices and consumption and to 
.correctly estimate absolute values of thE' endogenous variables beyond 
the period of fit. This can be done since the models were fined 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 
between actual values of the endogenous variables and the estimated 
values for these same variables obtained by using different estimating 
equations. The same comparisons for the period of fit, 1947-60, are 
shown in the appendix, tables 22 through 25. 

A qualitative test is used to 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 yields p successes and q failures equally 
by chance, in predicting ahead. 

A quantitative test is used to determine how closely the predicted 
values for the 13 endogenous variables approximate the actual (observed) 
values. Variance ratios (unexplained variation as a ratio of total varia­
tion) are used to test the accuracy of prediction of the absolute values. 
For this test, the lower the variance ratiO, the better the prediction. 
In addition, estimates evaluated by qualitative and quantitative means are 
classified by method of estimation, to determ ine which method yields the 
best results. 
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Table 14.--Model of late summer and fall potato market: Actual and 
predicted values of the endogenous variables, 1961-63 

Predicted 

Reduced-form structural equationsequations
Item and year Actual 

Limited Least Limited Two-stage Least 
informa- squares informa- least squares 
tiony gj tion }j squares !JJ 21 

Pounds Pounds Pounds~ ~ ~ 

Consumption for food, 
per capita, Ch: 

1961 
1962 
1963 

86.67 
86.94 
88.25 

88.47 
88.05 
89.91 

85.56 
85.96 
37.38 

87.88 
87.84 
88.52 

85.26 
85.14 
88.87 

86.74 
86.80 
87.31 

Consumption for livestock 
feed, per capita, Cf : 

1961 10.63 8.23 10.42 8.69 8.64 8.66 
1962 8.29 7.21 10.22 7.60 7.55 7.73 
1963 7.69 7.19 10.66 6.83 6.79 7.20 

Consumption for starch, 
per capita, Cs : 

1561 8.54 6.94 7.19 7.63 7.72 7.13 
1962 6.12 4.47 4.94 5.03 5.10 4.63 
1963 6.25 5·09 5.33 4.42 4.36 4.76 

Dollars Dollars Dollars~ ~ ~ 
Farm price per hundred­
weight, Pf: 

1961 1.06 0.87 1.42 1.22 1.25 1.18 
1962 1.28 1.44 1.55 1.41 1.35 1.30 
1963 1.44 1.19 1.52 1.28 1.42 1.36 

Cents Cents ~ ~ ~ ~ 

Retail price per 10 
pounds, Pr : 

1961 45.0 43.2 50.6 46.6 43.9 43.2 
1962 48.2 47.6 46.3 44.9 46.4 46.4 
1963 49.9 45.8 45.8 48.3 48.2 48.6 

Y Limited information estimates obtained by algebraic transformation of endogenous 
variables in equations (6) through (9).

gj Least squares estimates obtained by fitting the eudogenoos variable as a function 
of all the predetermined variables in the .model. 
~ Limited information estimates are from structural equations (6) through (9).E! Two-stage least squares estimates are from equations (6a) through (9a). 
~ Direct least squares estimates are from equations (6b) through (9b). 



Table 15.--Hodel of winter and early spring potato market: Actual. and 
predicted values of the endogenous variables, 1961-63 

Item and year 

Farm price per hundredweight: 

Winter and early spring potatoes, 
PSl 

1961 

1962 

1963 


-l 
'" Storage potatoes (January-April), 

Pfl 

1961 

1962 

1963 


FaJ.l potatoes in storage, per 
capita, ~my 1, St 

1961 

1962 

1963 


Actual 

~ 

1.81 
2.15 
1.87 

1.33 
0·89 
loll 

~ 

10.67 
13.10 
12.54 

Reduced-form 
equations 

Limited Least 
informa- squares 
tion Y_ EJ 

Dollars ~ 

2.09 2.30 
1.43 2.16 
1.81 1.52 

1.89 1.24 
0.72 1.43 
1.06 1.01 

Pounds ~ 

Limited 
informa­
tion]} 

~ 

2.05 
1.58 
1.82 

0.96 
0.99 
0.72 

Pounds 

Predicted 

Structural. equa:Lions 

Two-stage Least 
least squares 

t ~quare:;~ _ _ ~ 

~ ~!! 

2.14 2.14 
1.78 1.85 
1.91 1.90 

1.00 1.02 
1.08 1.16 
0.81 0.90 

~ ~ 

12.18 
13.44 
13.22 

y-Limiteuinformationetitimates obtained oy-,ugebraiC transformiition of endogenous variables in equation5l15T and (16). 
gj Least squares estimates obtained by fitting the end~naE variable in equations (15b) and (16b) as a function of al.l the 

predetermined variables in the model. 
3/ Limited information estimates are from structural equations (15) and (16). 

~ Two-stage least squares estimates are from equations (15a) and (16a).

21 Direct least squares estimates are from equations (15b), (16b) and (17). 




Table 16.--Model of late spring potato market: Actual and predicted 
values of the dependent variables, 1961-63 

Predicted 
Item and year Actual 

Reduced-form equation­
least squares 

Farm price per hundredweight: Dollars Dollars 

Late spring potatoes, PS2 11 

'-I 1. 3!~ 
0-

1961 1.23 
1962 1.83 2.00 
1963 1.37 1. 74 

Storage potatoes (May-June), Pf2 ~~ 

1961 1.01 1.08 
1962 1.13 0.86 
1963 0.85 0.84 

11 Least squares estimates obtained bv fitting theend~genous variable in equation (22) as a func­
tion of all the predetermined variables in the model. g; Least squares estimates obtained by fitting 
tt~endogenous variable in equation (23) as a function of all the predetermined variables in the model. 



Table 16.--Mode1 of late spring potato market: Actual and predicted.. 
~ va lues of the dependent variables, 1961-63 Continued 
:. 
~ 
o 

Predicted..... 
Item and year Actual 

Ordinary least squares 

Per capita disappearance: Pounds Pounds 

Late spring potatoes, Q ~ S2 

1961 15.47 15.29 
1962 11.90 12.33 

...... 

...... 1963 12.87 13.69 

Storage potatoes (May-June), Qf Y 
2 

1961 5.45 5.10 
1962 8.17 6.45 
1963 7.72 6.85 

37 Least squares estimates obtained by fitting equation (18r.~--~· 
~ Least squares estimates obtained by fitting equation (19). 



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

Item and year Actual 

Reduced-form 
equations 

Limited Least 
1nforma­ squa.res
tion 1/ Y 

Predicted 

Structural equations 

Limited Two-stage 
info.rma-. : le.ast. 

:_~1.0~ ~___ t llquar.Els.!L 

Least 
squres 

F&rm price per hundredweight: ~ !!2!l~ Dollars ~ ~ ~ 

Early summer potatc~s, PS3 

1961 
1962 
1963 

1.34 
1.67 
1.54 

1.78 
1.94 
1.34 

1.72 
1.82 
1.10 

1.10 
1.69 
1.78 

0.99 
1.49 
1.34 

1.04 
1.67 
1.80 

-l 
CD 

Late spring potatoes, P s §j ;
2(s) : 

1961 
1962 
1963 

1.34 
1.75 
1.69 

1.93 
1.83 
1.18 

1.94 
2.10 
1.47 

1.00 
1.35 
1.54 

1.00 
1.35 
1.54 

1.45 
1.63 
1.48 

Late summer potatoes, F1.s §j 

1961 
1962 
1963 

1.04 
1.35 
1.61 

1.76 
1.80 
1.38 

1.33 
1.72 
1.32 

1.38 
1.60 
1.47 

1..38 
1.60 
1.47 

1.00 
1.24 
1.10 

11 Limited information estimates obtained by algebraic transformation of the endogenous variables in equations (27) through (29).
g; Least squares ·estimates obtained by fitting the endogenous variable in equations (27b) through (29b) as ~ function of all the pre­

determined variables in the mottel. 
3/ Limited information estimates are from structural·equations (27) through (29).
!I Two-stage least squares estimates are from equations (27a) through (29a).
5/ Direct least squares estimates are from equations (27b) through (29b). 
~ The estimated values of PS2( , and Pls from the limited information fit and the two-stage least squares fit of the structural 

equations are identical because t~e coefficients obtained in the equations 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 predictions 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. If the actual price of a particular type of potatoes 
increases from year t-l to year t, the estimate for t is correct if it too 
is higher than the actual price of potatoes in year t-1. Likewise, if the 
price of potatoes declines from year t-l to year t, the prediction for 
t is correct if it toO is less than the actual t-l price. 

Let p be the probability of ~etting a corect prediction of the direc­
tion of change (=)1) and q the probability of getting an incorrect one (=)1). 
Further, let 1961, 1962, 1963 be the years for which Rredictions are to 
be made. The. terms in the bin,omial expansion (p 1.~ ~):3 give the prob­
ability of getting 0, 1, 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 predlction out of 3 is the sum of the probabilities of getting 
1, 2, and 3. Thus, we are dealing with cumulative sums of at least that 
many successes. 17/ 

Table IS presents results of the comparison of the accuracy of 
predictions from the four statistical models with the probabilities of 
obtaining correct predictions by chance alone. The estimated values 
were computed from single and multiple equations fitted byalterna­
tive methods. Also, this table shows the total number of correct pre­
dictions for each statistical model. 

In table IS, comparisons are made of the correct number of 
predictions for a variable among the different methods of fit. In making 
these comparisons, twO considerations are important: (1) What infor­
mation is needed to make predictions when allof tqe different methods of 
fit are considered, and (2) should comparisons be limited only to methods 
using the same amount of information? 

The first twO columns in table is show the number of correct 
predictions of direction of change obtained by using the reduced-form 
method of fitting simultaneous equations. 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 to make estimates of the endogenous 
variables. 

!11 The partial sum of the expansion of the binomial (p 1- q)n was. 
used in the computation of the probabilities where the expansion terms 
are 

n n-l n (~-! I n-2 2 n (n-l) (n-2) Jl-3 3 

q + nq p+ q P + 2 . " lj p 


+ n (n-l) (n-2) ... (n-r +1)
+ •.•• 

2.3 ... r 
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Table 18.--Number of ~orrect predictions 9f direction of change in values of the endogenous vtlrlables in the 
the potato economy, and related probabilities, by statistical model and alternative 

methods of fit, 1961-631/ 

Method of fit 

Reduced-form equations Structural equations
Model and 
endogenous Limited Least Limitec Two-stage Least 
variabl-:"s information squares information Ip.ast squares squaresy 

Number ?reb...... Number Proba- Number Prob...... Number Proba- Number Prob..... 
correct bility correct bility correct bility correct bility correct bility 

Late summer and fall 
model: 13 0.0037 11 0.059 10 0.15 13 0.0037 15 0.00003 

Ch 2 .50 3 .12 2 .50 2 .50 3 .12 
Cr 3 .12 2 .50 3 .12 3 .12 3 .12 
Cs 3 .12 3 .12 2 .50 2 .50 3 .12 
Pr 2 .50 2 .50 2 .50 3 .12 3 .12 
Pr J.! 3 .12 1 .88 1 .88 3 .12 3 .12 

g> 

Winter and early 
spring model: 4 .34 3 .66 2 .89 2 .89 4 .75 

1 .88 2 .50 1 .88 1 .88 1 .88PSI 
3 .12 1 .88 1 .88 1 .88 1 .88Pf1 

St (") (4) (4) (4) (4) (4) (4) (4) 2 .50 

Late spring model: (5) (5) 4 .34 (5) (5) (5) (5) (5) (5) 

(5) (5) 2 .50 (5) (5' (5) (5) (5) (5)PS2P (5) (5) 2 .50 (5) (5) (5) \5) (5) \5)f2 

Early summer model: 4 .75 5 .50 (, .25 7 .09 7 .09 

2 2 .50 2 .50 3 .12 2 .50~s3 1 :~ 2 2 .50 2 .50 3 .12 
P~~.) 1 .88 1 :~ 2 .50 2 .50 2 .50 

1/ From year t-l to year t. 
y. Number of correct predictions and related probabilities given by model and by endogenous variables within each model.M~l8.Ilation for derivation of estimated valueo for Pr given in footnotes to table 19.!I. Or inary least squares estimates alone were obtained for this equation since it contained only 1 endogenous variable.
II Least squares reduced-form estimates alone were obtained for these eqt.ations since too\.' o.vere "just identified. II 



Of all statistical models fitted, the late summer and fall model 
appeared to give the greatest number of correct predictions of direction 
of change for 1961, 1962, and 1963, in both absolute and percentage 
terms. The equations used to estimate the consumption variables, Ch, 

: Cf, and C s, gave the greatest number of correct predictions for all 
different methods of fit. However, the equations used to estimate the 
price variables, Pf and P r , gave substantially correct predictions of 
direction of change for the two-stage least squares, limited information 
reduced-form equations, and ordinary least squares methods of fit. 
The structural equations fitted by least squares gave correct predictions 
of direction of change for every endogenous variable for every year 
of prediction. The probability of obtaining 3 correct predictions out of 
3, as was obtained for each endogenous variable in this model, by 
chance alone.1 is 0.12. The probability of obtaining 15 correct predictions 
out of 15, as was obtained from estimates derived from this model, 
by chance alone; is O. ~0003. 

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 done by ..:hance. The structural equations, using three different methods 
of fit, were able to predict direction of change correctly 1 out of 3 
times for PSI and for Pf1 . Almost as many correctpredictions could 
haVe been derived by tossing coins. However, the reduced-form equations 
for obtaining estimates for PSI and Pf1 ' in the aggregate, correctly 
predicted 3 out of 6 and 4 out of 6 directions of change, respectively. 

Estimates for the late spring model for 1961-63 showed that the 
reduced-form equations fitted by least squares correctly predicted 4 
out of 6 directions of change. The direction of change for each of the 
individual endogenous variables, PS2 and Pf2 ' was correctly pre­
dicted 2 times out of 3. The reduced-form equations were the only 
equations fitted for the late spring mOdel since the system of equations 
was" just iden~ified: I (See p.39for criteria of identification.) 

For 1961-63 the structural equations in the early summer model 
fitted by limited information, two-stage least squares, and ordinary 
least squares correctly predicted 6 out of 9, 7 out or 9, and 7 out of 9 
directions of change, respectively. For these methods of fit, 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 better in 
predicting direction of change than random predictions based upon chance. 
Based upon all methods of fit, the equations for estimating Ps3 did the 
best in predicting dil'E~ction of change correctly, followed I::y the equations 
for estimating PS2(s) and PIs' Estimates for PS3 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 tbatthe variation among the estimated 
values is. minimized relative to the total variation in the actual values. 
For this test the variance ratio (unexplained variation as a ratio of 
total 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 Cram (24). 
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Table 19.--Endogenous variables in the potato economy: Total variation, and ratio ~r unexplained variation to 
total variation, by statistical model and alternative methods of fit, for specified periods 11 

Period and model 
Endogenous 
variable 

Total 
vtlt;iation 

gj 

Hntio of un"~lained variation to total vari"i;ion 37 
Reduced-folm esuations Structural eguations 

Limited Least Limited Tlicrstage Least 
inronnation squares information least squares squa!'es 

Late summer and 
1247"60 

fall "model: 
Conslllllption of 1'O'.;"':oes for !'ood 

(pounds) 
Consumption of potatoes for livestock 

feed (pounds) 
Conslllllption or potatoes for starch 

(pounds) 
Farm prire for potato~s, (dol~pr5) 
Retail prire for potatoes, 10 lb. ~ 

(cl!nts) 

C
h 

C
!' 

Cs
Pf 

Pr 

(,0.72 

21.00 

91.59 
4.30 

480.14 

0.24 

.19 

.13 

.5( 

.53 

0.07 

.08 

.05 

.23 

.42 

0.42 

.35 

.09 

.11'1 

.32 

0.29 

.35 

.04 

.13 

.19 

0.28 

.28 

.26 

.12 

.22 

en 
", 

Winter and early spring model: 
Farm pri~e, winter and early spring 

potatoes (dollars) 
Farm price, storage potatoes, Jan.-

April (dollars) 
Storags stocks, fall potatoes, May 1 

(pounds) 

P
sl 

P
f 1 

St 

flJ~5 

f.OO 

76.(,5 

.31 

.42 

(5) 

.30 

.39 

(5) 

.35 

.24 

(5) 

.2r 

.30 

(5) 

.24 

.12 

.30 

Late spring model: 
Farm prie", late spring potatoes 

(dollars) 
Farm price, ~torage potatoes, May-June 

(dollars) 

P
s2 

P!'2 

(.94 

10.70 

(r,) 

(i.) 

.08 

.22 

(f) 

(") 

(. ) 

(t) 

((;) 

(I) 

Early summer model: 
Farm price) early summer potatoes 

(dollars 
Farm price, late p,Dri~ potatoes, 

July-Aug. (dollars) 
Farm price, late cummer potatoes, 

July-Aug. (dollars) 
See lootnotes at end of table. 

P
S3 

PS2 (s) 

PIs 

10.37 

9.29 

7.?5 

.94 

.52 

.83 

.40 

.30 

.49 

.02 

.1' 

.16 

.23 

.16 

.16 
Cont1nued -

.02 

.04 

.08 



Table 19.--Endogenous variables 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 11 -Continued 

Ratio of unexnlained variation to total variation 3Z 

Period and model Endogenous 
variable 

Total 
variation 

y 
Reduced-form eguations 

Limited Least 
information squares 

Structural eguations 

Limited Two-stage 
information least sq'lares 

Least 
squares 

1961r63 
Late summer and TlIIr1i!Odel: 

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 lb. ~ 

(cents) 

Ch 

Cf 

Cs 
Pf 

Pr 

1.42 

4.83 

3.71. 
.07 

12.38 

5·09 

2,119 

1. 79 
1.71 

2.70 

2.08 

2.61 

1.09 
3.00 

4.16 

1.65 

1.03 

1.45 
1.00 

1.20 

3.95 

1.10 

1.42 
.59 

.57 

0.64 

·92 

1.73 
.28 

.29 

en 
w 

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 

(pounds) 

PSl 

P
fl 

St 

.07 

.10 

3.22 

8.57 

3.40 

(5) 

5.14 

3.10 

(5) 

5.43 

3.00 

(5) 

3.57 

2.40 

( 5) 

2.&; 

2.10 

1.07 

Late spring model 
Farm price

j 
late spring potatoes 

(dollars 
Farm price) storage potatoes May-June, 

(dollars 

Early summer model 
Farm price

j 
early summer potatoes 

(dollars 
Farm price, late ~prin~ potatoes,

July-Aug. (dollars) 
Farm price, late summer potatoes, 

July-Aug. (dollars) 

PS2 

Pf2 

Pit
3 

P 
s2(s) 

Pls 

.15 

.04 

.06 

.10 

.16 

(Ii) 

(6) 

5.17 

5.20 

4.81 

1.20 

2.00 

6.00 

5.30 

1.88 

(n 

(G) 

2.00 

3.00 

1.25 

(6) 

(6) 

3.17 

3.00 

1.25 

(6) 

«(,) 

2.33 

.71 

1.69 



1J Equations ~itted to actual data for 1947-60. See tables 14-17 for estimated values of the variables for 1961-63 and tables 
22-25 ~or estimated values of the variables for 1947-60. 

1.~, 	 3 
:.. ~~gf Total variation .... (x - X)2 for 1947-60; r (X X)2 for 1961-63. 


t=l t=l 


11 Unexplained variation = 	
14
L (x - X,)2 for 1947-60; t3 

(x _ XI)2 for 1961-63. 

t=l t=l 


~ 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 Pr dependent (analysis not shown); and estimates from reduced-form equations obtained by (1) algebraic trans­
~ormation of endogenous variables and then fitting by limited information and (2) fitting directly by least squares (analysis not 
shown). 

0> 21 Ordinary least squares estimates alone were obtained for this equation since it contained only 1 endcgenous variable. 
-/="" 

§! Least squares reduced-form estimates alone were obtained for this equaUon since it was "just identified." (See p. 39 for 
criteria of indenti~ication.) 

-




Table 19 shows the tonI variation present in the endogenous 
variables in the potato economy and the ratio of the unexplained varia­
tion to the total variation. The meaning of this ratio is as follows: If 
the factors used in the statistical relationship can explain all the varia­
tion in the endogenous variable, then the amount left unexplained is 
zero and the ratio is zero. On the other hand, if the factors cannot 
explain any variation during the period of fit, then the ratio becomes 
1.0. Therefore, for the period of fit, 1947-60, the closer the ratio is 
to zero, the better the model--or the method of fit--is for estimating. 

For years beyond the period of fit, deviations of the estimates 
from their mean can be greater than deviations of the actual values 
from their mean, and therefore the variance ratio can exceed 1.0. 
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 to make estimates of the endogenous variables 
and to 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. 

Th~ parameters of the limited information reduced-form equations 
were algeiJraically derived from the parameters in the structural equa­
tions, while those in the least squares reduced-form equations were 
directly fitted. In using these reduced-for:m equations, only values of the 
predetermined variables were used to make estimates of the endogenous 
variables. Thus, one useful purpose of the reduced-form. equations 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 obtained readily 
from various Government agencies. And total production or supply of 
potatoes which has been assumed as predetermined could be estimated 
from a supply equation based on factors 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 endogenous variables in the structural 
equations than between an endogenous variable and anyone of the pre­
determined variables. The three right-hand columns of variance ratios 
are used to test the ability of the structural equations to estimate 
directly the values of a single endogenous variable. 

For 1961-63, based on variance ratios given in table 19, the late 
summer and fall model, among all models fitted 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, Pf and Pr , appeared to give better estimates than the equa­
tions for the consumption variables, Ch, Cf, and Cs . Based on this tes~, 
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estimates for farm price, Pf , iand retail price, P r , from equations 
fitted by ordinary least squares were substantially better than estimates 
for the other variables. 

For the period of fit, 1947-60, the ratios indicate that the reduced­
form equations for the late summer and fall model gave the best estimates 
of Ch, 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 potatoes, a key endogenous variable, to be known and 
given. Comparison of the ratios among the methods of fit indicates that 
the relationship between consumption and price of late summer and fall 
potatoes appears more stable over time than the relation between con­
sumption and the exogenous variables used in the analysis. 

The structural equations fitted by least squares and two-stage· 
least squares gave relatively low variance ratios for Pf. farm price, 
and Pr , retail price, for 1961-63. But the comparison between them and 
the ratios obtained from the reduced-form equations can be misleading. 
The structural equations show the relation between farm price, retail 
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 factors. 

The ratios for estimates obtained from the reduced-form equations 
for 1961-63 indicate that these are reasonable equations for estima­
hng Pf in view of the relatively low total variation resulting for t..hat 
variable. The ratios indicate that of the two reduced-form equations, 
the limited information reduced-form equation appears to be better 
in estimating Pf in years beyond the period of fit. 

For the period of prediction, 1961-63, as measured by the variance 
ratios in table 19, over all methods of fit, 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; as seen from the table 
of variance ratiOS, the total variation in PSI and Pf, for 1961-63 was 
very small. For example, differences from the mean for actual prices 
for 1961-63 for PSI 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 total 
variation for each of PSI and Pf I 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 PSI and Pf 1 from structural 
equations than for estimates from reduced-form equations. However, 
each structural equation contains the price of the competing types of 
potatoes. The lower ratios obtained from fitting the structural equations 
may be due to inclusion 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 period of fit, 1947-60, 
and the period of prediction, 1961-63, the structural equations fitted 
by ordinary least squares gave better predictions of prices than the 
limited information and two-stage least squares',fits. 
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For the pe'"iod of predictionJ 1961-63, as measured by the variance 
ra:ios, equations for the late spring model gave better estimates than 
those in the winter and early spring model. As seen in table 19, reasonable 
estima tes were obtained for both PS2 and Pf2 from the equations can tained 
in the late spring model. The predetermined variables, QS2 and Qf2' 
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 prediction. 

The early summer model, as measured by the variance ratios, 
did very well in providing estimates for PS 3,PS 2(sj, and PIs from structural 
equations for the period of fit, 1947-60. For all three endogenous vari­
ables, the variance ratios computed from results of structural equa­
tions averaged lower than that for any other model. 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 model gave lower ratios for 1961-63 for esti­
mates obtained from structural equations than for estimates obtained from 
reduced-form equations. In general, of the three endogenous variables. 
'PIs 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 potatoes in the early summer market (July..August) in 
the early 1960' s may be the cause of the substantially higher ratios for 
PS 3. p s2(s)' and PIs for 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 
(observations) for comparison between actual and estimated values is 
relatively smRll. such as 3, the ratios of unexplained variation to total 
variation will usually be larger than if a larger number of years (obser­
vations) is used. This is due to the problems associated with a small 
sample. 

Graphic Analysis of Predicted Values 

Comparison between the actual and computed values can also be 
shown graphically. These are plotted for 1947 through 1963 in figures 
9 through 14 for specified endogenous variables in the potato economy. 

Figure 9 shows that estimated values for 1947-50 and 1954-63 
of Ch, consumption for food. closely approximate the pattern of actual 
values. For these years. even though production of late summer and 
fall potatoes was more than sufficient to supply requirements for food. 
the food equation estimated changes in consumption fairly accurately. 
The long-term estimation of Ch appeared to be as good as .the short­
term estimates. Values obtained from 1956 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 fit appeared to do 
a better job of estimating than the limited information structural 
equations fit. 

Figures 10 and 11 indicate that the equations did a pretty good 
job of estimating farm price and retail price of late summer and fall 
potatoes for 1947-63. Only for the cro!. years 1954-56 and 1960 are 
notable differences found between estimated and actual values. The 
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POTATO CONSUMPTION 
Actual and Computed Values * 


LB. PER CAPITA ----.-----,----,-----,,.----, 


92 

89 

86 

83 

80 

77~=±=C~±=~=t=C~~~~~~~ 
1947 '50 '53 '56 '59 '62 '65 
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U. L DEP"RT"!!."T 0" AGItICVL TURf. NfG. lelts. ..oJ1_U (12) (CONOYle RfU"RCH SERVICE 

Figure 9 

actual prices by months, for the stated years, as reported by the 
Statistical Reporting Service, tended to show wide fluctuations which 
are hard to capture from annual data. These twO diagrams indicated that 
the statistical model is able to do as well (or better) in correctly 
estimating wide swings in farm and retail 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 
..yere very similar. 

PRICE OF LATE SUMMER AND FALL POTATOES 
Actual and Computed Values * 


S PER CWT. 


2.80 

2.30 

1.80 

1.30 \--- ­
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Figure 10 
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RETAIL PRICE OF POTATOES* 
Actual and Computed Values l:. 

CENTS PER 10 LB. -----,-------r------,-------r------, 
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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-to-year divergence probably was due mainly 
to unusually sharp changes in anticipated production of late spring 
potatoes, which in turn affected prices of both winter. and early spring 
potatoes and remaining storage supplies. The model did about as well 
in predicting long-term changes as in predicting short-term changes, 
such as 1 year. The model was able to make fairly close estimates for 
the gradual downturn in price of winter and early spring potatoes 
between 1947 and 1954. Estimates obtained by limited information 
structural equations for winter and early spring potatoes were similar 
to those obtained by ordinary least squares. But for the period of 
prediction, 1961-63, the estimates obtained by the ordinary least 
squares method were closer to the actual values. 

In figure 13, the estimates of price of late spring potatoes for 
the period of analysis, and for the period of prediction, 1961-63, show 
a reasonably close fit. Coefficients for the explanatory variables in 
equation (24), Qs2 and Qf2, were statistically significant at the .001 
probability level. Thus, the highly satisfactory coefficients obtained 
from fitting tte equations in this model probably were the basis for 
obtaining the close estimates. 

The estimated values in figure 14 for price of early summer 
potatoes conformed very closely to the actual values for the period 
of fit, 1947-60. For the. period of prediction, 1961-63, however, the esti­
mated values obtained from both limited information 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 
summer potato supplies in the early Gummer market, a change may be 
required in the structural coefficients, through inclusion of more recent 
data. 
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PRICE OF WINTER AND EARLY SPRING POTATOES 
Actual and Computed Values * 
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Figure 12 

PRICE OF LATE SPRING POTATOES 
Actual and Computed Values * 
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Figure 13 

A further consideration in appraismg the results of the analysis 
relates to the test for serial correlation in the residuals. It can be 
shown that serious errors and bias may result if the residuals are 
autocorrelated. Durbin and Watson \.2) devised approximate tests for 
autocorrelation in successive residuals of least squares regression 
equations. In this study, the technique is used only to test equations 
fitted by the least squares method. Results of the test for equations 
used to estimate 13 endogenous variables are given in table 20. 
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PRICE OF EARLY SUMMER POTATOES 
Actual and Computed Values * 
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Figure 14 

In using the Durbin-Watson test the following statistic is computed 

N 
~ 

f (dt-dt_l
d t=-2:: 

N 2S dt 
t.:l 

where dt is the unexplained residual for observation t and dt-l is the 
unexplained residual for the observation lagged 1 year. 

The two computed values d and 4-d I relate to the two tails of the 
sampling distribution; dl relating to positive serial correlation, and 4-d' 
to negative serial correlation. If d l or 4-d 11S less than the lower bound 
of critical values found in the Durbin-Watson table of significance 
points, the indication is that the residuals way be serially correlated, 
either positively or negatively. If both d' ~d 44 are greater than the 
upper bound in the table of significance points, the indication is that 
there is !lQ serial correlation. 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 approximation of the degree of serial 
correlation. 

Results of the Durbin-Watson test show that the 13 equations fitted 
by least squares in the four statistical models meet the condition of 

It 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 to estimate Pst. Pfl , St , Pf2' P S 3, 
PIs, P S 2(s). Pf, and Pr , the d statistic is at the upper end of the inconclu­
sive range. For all of the equations fitted in the four statistical models, 
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Table 20.--Test for serial correlation in the residuals 
of 13 equations fitted by the least squares method. 

Durbin-Watson statistic 
Endogenous 
variable d' 4-d' 

PSI * 1.61 2.39 

Pf\ * 2.19 1.81 

st * 2.27 1.73 

PS2 * 3.24 .76 

Pf2 * 2.76 1.24 

P
S2(s) * 1·77 2.23 

PS3 * 2.63 1.37 

PIs * 2.62 1.38 

* 2.62 1.38Ch 

Cf * 3·09 .91 

Cs * 2.96 1.04 

D. 1.61 2.39Pf 

Pr * 1.05 2·95 

* Inconclusive test for serial correlation in the 
residuals . 

6 No serial correlation in the residuals. 

92 




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 -tests. 

INFLUENCE OF GOVERNMENT PROGRAMS 

Various Government programs, both Federal and State, have been 
used since the 1930' s in efforts to bring n' "'re stability to the potato 
industry. Historically, these Government activitles can be broadly classi ­
fied~ 

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

(2) Soil conservation payments made in conjunction with acreage 
alloonent programs from 1938 through 1941, in which potatoes were 
classified as a SOil-depleting crop; besides conservation of the soil, 
attempts were made to bring production intO balance with domestic and 
export demand. 

(3) Price support programs, 1942-50, made Commodity Credit 
Corporation funds available for support operations through commodity 
loans, purchases, or other operations. 

(4) Federal and State marketing agreements and orders, initiated 
in the 1930' s but of much greater importance in the postwar period, 
were intended to maintain minumum standards of quality and to bring 
about orderly marketing. 

(5) 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 magnitude of operations. During 1934-42, qup.ntities of potatoes inVolved 
in purchase and diversion operations were_ nominal compared to the 
volume handled in connection with price support operations during World 
War II 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 price-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 35 million hundredweight during 
the years of price support. 

In the following sections, brief descriptions are given of Govern­
ment programs by ti'me periods and their effect on potato prices and 
industry structure. 
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Pre-World War II Programs (1934-42) 

Before World War II, limited purchase and diversion operations 
were carried out for potatoes under provisions of .section 32 of the 
Agricultural Act of 1935. Section 32 p.::ograms were designed to remove 
excess supplies to the degree compatible with outlets available for 
utilization 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 tili;; 03DA (1) to purchase potatoes for school lunch and 
welfare distribution, and (2) to encourage diversion of surplus potatoes 
from the primary food market to such secondary uses as starch, flour, 
and livestock feed. 

The fundamental purposes of the Section 32 programs were to 
remove temporary surpluses, stabilize markets, and improve prices. 
However, there was no direct attempt to guarantee price levels for 
potatoes. Further, since growers had no advance knowledge as to whether 
a Government program would be instituted, or the probable 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 intermedia te-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 Nort!: Central and Western areas to regulate marketing of 
the 1942 crop. Because of strong wartime demands, however, these 
orders were not used unti11947. 

In 1938 potatoes were included in an acreage allotment program 
which was designed to lessen the exploitive use of land for soil-depleting 
crops. Soil conservation payments were made to farmers who received 
potato acreage allotments. In distributing acreage allotments to individual 
farmers, meeting the soil conservation needs of each farm and providing 
an equitable share of the market for each producer were principal con­
sideration s. 

Government programs in this earlier period did not appear to 
affect price greatly. ill Government expenditures on surplus removal 
operations in the years of greatest activity amounted to less than 3.5 
percent of the crop value. The programs appeared to increase aggregate 
income by a slightly larger amount than Government expenditures. 

!&I 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 (.!2. pp. 34-52). 
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Price Support Operations (1942-50) 

With the advent of World War II and resulting stronger demands 
for agricultural products, the emphasis on Government programs shifted 
from removal of excess supplies to stabilization or expansion of supplies. 
Legislation was developed which required the Secretary of Agriculture 
to support prices of those commodities for which he encouraged ex­
panded production. Minimum support rates were specified, generally 
in relation to parity. Potato prices were supported at 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 that for the 
1951 crop year and thereafter, no price support would be available for 
Irish potatoes unless marketing quotas were in effect. The SecretarY of 
Agriculture does not have the authority to proclaim marketing quotas for 
potatoes, and the Department of Agriculture has not operated a potato 
price-support program since 1950. 

Price-support operations for potatoes during this period were 
carried out primarily by the Commodity Credit Corporation. The methods 
used included purchases and loans to growers and dealers. In addition, 
Section 32 funds were used to divert potatoes to secondary uses, chiefly 
livestock fe:ed. 

Government peice-support operations .had a significant impact on 
the potato industry. Some effects of the program, such as relative price 
stability, must be considered temporary. But other effects, especially 
on acreage and yield, and on location ofproduction, 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 mqre sophisti­
cated marketing services. The reduction in price risk Spel ded up the 
process of relocation of production from unspecialized to "pecialized 
areas. Prices during the price-support period, when deflated by index of 
prices received by farmers, averaged about the same as prices in the 
8 preceding years, similarly deflated. However, annual variation was 
much less under the price support program. 

On the demand side, Gray, et al. (ll>, concluded in a 1954 study 
that consumers obtained potatoes at a lower average price than they 
would have under a free market. The study showed that when demand 
is highly inelastic, consumers pay less for a constant supply than for 
an equivalent fluctuating supply averaged out over the years. Also, 
it might be argued that under free market conditions, supply of potatoes 
would not have expanded during the war. Demand for potatoes, on the 
other hand, appeared to go up. The combination of an unchanged supply 
and a rise in demand probably would have resulted in a higher price to 
consumers than th~ pre-support 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 been primarily 
concerned with bringing supply intO balance with market requirements. 

These programs have inclUded: (1) Acreage marketing gUides,. to 
encourage necessary adjustments in production, (2) Federal and State 
marke:.ng agreements and orders, to reguhte the quality and volume 
of potatoes shipped to market, and (3) Section 32 diversion or purchase 
programs, to stimulate utilization of potatoes in the lower grade uses, 
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and for purchases of surplus potatoes for distribution to schools ana 
institutions. 

Acreage-marketing gUides are issued by the Department of Agri­
culture for all seasonal potato crops. The fundamental concept of the 
guides program is that, given the best information available, the grower 
will make intelligent decisions that 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 recommenda tions much more than other areas. 

Marketing orders and agreements have been operative largely 
in . States producing late-crop potatoes. With a marketing order the 
industry regulates handling and marketing mainly by prescribing the 
grade, size, quality, and maturity of potatoes that can be sold. The 
orders are designed to place a better product on the market, achieve 
more orderly marketing, and result in higher prices and incomes to 
potato growers. In general the marketing orders have been regarded ;­
favorably by the industry. 

Government purchases of potatoes for distribution have been 
relatively small. Outlets for utilizing the acquired potatoes are limited. 
Also, it is probable that donations, in effect, replace commercial sales 
to some extent. Under Section 32 authority, 369,000 hundred\'1eight of 
1953 c.rop 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 to other outlets. Expenditures for these 
purchases amounted to $488,000, $697,000, and $8,100, respectively. 

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

About 65 percent of the potatoes diverted during 1953-64 qualified 
for diversion payments (table 21). Quantities diverted ranged from 1.2 
million hundredw<'!ight in the 1954 crop year to 29.3 million hundred­
weight in 1961. Net costs of the diversion program varied from $217,000 
in 1954 to $10.1 million in 1961. 

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

In addition to those programs specially oriented to potatoes, other 
more general USDA activities such as the Plentiful Foods and Food Stamp 
programs have affected potato marketing to some extent. 

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

Quantity Expenditures 21 
Livestock feed Starch and flourCrop Livestock . Starch 

year Total feed :and flour: TotalSpec. A Culls Spec. A Culls (spec. A) :(spec. A): 
r;CJO() I, 000 1,000 1,000 1,000 1,000 1,000 1,000 

cwt. cwt. cw-t . cm. cwt. dol. dol. dol. 

1953 3/ 3/ 2,525 859 3,384 3/ 884 884 
1954 "3/ "3/ 723 498 1,221 "3/ 217 217 
1955 846 600 6,339 2,390 10,175 367 2,815 3,182 

~ 1956 1,689 1,687 10,915 4,379 18,670 669 4,330 4,999 
1957 1,585 2,299 3,771 4,448 12,103 704 1,710 2,414 
1958 9,716 3,299 7,984 2,457 23,456 4,267 3,194 7,461 
1959 4/ 4/ 4/ 4/ 4/ 4/ 4/ 4/ 
1960 3/ 3/ 2,358 976 3,334 3/ 1,237 1,237 
1961 8,937 4,obO 10,498 5,770 29,265 4,704 5,:?130 10,084 
1962 739 838 2,517 2,142 6,236 342 1)013 1,355 
1963 1,051 1,387 1,875 1,376 5,689 467 853 1,320 
1964 4/ 4/ 4/ 4/ 4/ 4/ 4/ 4/ 
1965 Ti/ Til Ti/ Ti/ Ti/ Ti/ Ti/ Ti/
1/ 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. ~/ 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, food editors, and food service. operators, and (2) special 
merchandising programs to encourage the movement uf a particular food 
through the market. The monthly plentiful foods list included potatoes 
repeatedly when they were in relatively heavy supply in 1961, 1962, 
and 1963. 

The Food Stamp Program was initiated on a pilot basis in m":d­
1961 and teRted in eight economically depressed areas in the United 
States. The purpose of the test was to determine whether such an ap­
proach could provide better nutrition for needy families, and to pave the 
way for making more effective use of our food supply. Reese and Adelson 
(W showed that participating families in a major city increased their i 
consumption of potatoes moderately during the initial survey period (April-
May 1961 to September-October 1961). However, in a rural county oil 
~\urveyed 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 not increase. 

~ 
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APPENDIX 

Demand for storage 

The total demand for potatoes in early seasons of the year includes 
demand by consumers for potatoes for food plus demand by storers for 
changes in storage holdings. The demand for storage arises to accommo­
da te the imbalance between production schedules and desired consumption 
plans. Decision-making by storers of potatoes 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 storage season 
for potatoes progresses, changes in market price become known to the 
storer. Thus, recent price movements are assumed to be a principal 
factor in storagE;' decisions. For example, one can hypothesize that market 
prices for potatoes are observed by storers perioaically, perhaps daily. 
For relatively large changes in price over short periods it :::an be assumed 
that substantially increased activity in movement vf storage supplies 
occurs. For smaller changes in price over longer periods, the dir<;ction 
and magnitude of sustained price ciJange influences storage movement. 
This will be discussed in this section. 

Other important factors believed to affect storage holdings are 
(1) volume of storage potatoes used by processors and (2) initial quantities 
of fall potatoes available for storage. 

Thus, the structural relation for demand for storage stocks of fall 
potatoes can be written 

5 
St::' a1 + bi [;1 (Pi - Pi-I) + b2 Cfrl + b3 Sj + Lit (30) 

where-

St _ 	 Estimated quantity of potatoes in storage May 1, chiefly for 
food; million hundredweight. 

5 
f::l (Pi -Pi-l):: \ constructed price variable, representing sustained monthly 

price changes in one direction only, for potatoes at the farm 
level, for the period November through April, divided by 
inCex of consumer prices, I947-4~=100; cents per hundred­
weight. Values of i designate price, P, in the particular 
month: i:l:December, i=2=January................. i::5::April. 

Monthly price changes in any storage season are included 
only if at least twO consecutive changes occur in the same 
direction. 

Cfr} 	 Percentage of tota I food u tiliza tion of potatoes processed into food 
products. 

Sj = 	 Estimated per capita storage stocks of potatoes, January 1, as 
reported by Statistical Reponing Service; pounds. 

Residual term in period t. 

Analysis of storage stocks of potatoes at any point in time is 
concerned with amount of stocks held. Thus, analysis of starers' behavior 
considers how storage holdings change in response to sustained price 
changes in a given direction. Pasour and Schrimper (32), basing their 
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study on demand elasticities for apples, ,have shown that when ,a cun:.ent 
: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 ,ex!Jected r!;l.te of return for shortperiods - -from 1 to 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 stocks 
responds more to 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 a change in the opposite direc­
tion in price expectations in future periods. A stock relation where a 
current price change is aC'companied by a change in price expectations in 
the same direction is given by 

(31 ) 

where __ 

Pt = farm price of potatoes in the current period 

= 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 

(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 holdings of 
potatoes. 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 stocks indicate that a recent small change in monthly prices 
following a sustained price change of substantial 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 the following: 

The assumption is that higher prices now influence storers to ~ 
potatoes now for a relatively high net return, rather than waiting and 
consequently risking a lower or zero net return. Increased sales now 
will be followed by a decline in price. Conversely, low prices now influence 
storersto hold potatoes in storage now with the expectation of a higher net 
return at some future date. Decline1Ii storage movement now is expected 
to be followed by a rise in price. 

We assume the following to hold: 

(33) 
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'where ­

·current price 

= season average price 

curr~nt 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 practical matter, except in extreme cases, storers do not 
huld all of their potatoes for long periods and sell none, or sell all of 
their 'potatoes in 24 hours and have none to store thereafter. A more 
realistic assumption is that marketings are at fairly high levels and con­
tinuous during much of the storage season, but sus!ained price changes 
have the effect of speeding up or slowing down out-of--storage movement. 

No special account has been taken of futures 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. 

Futures prices themselves, which represent the composite judgment 
of traders as to the p.robable cash prices at the respective maturity dates 
of the contracts, have an effect on the demand for storage. 

Futures trading facilitates storage of potatoes by providing a vehicle 
for hedging. Hedging is used as a means of reducing price risk. When the 
storer sells potatoes short under the selected futures contract, he knows 
what his price will be; consequently, he may store more potatoes than if 
he had to assume the full price risk. 

Wesson (21) has shown that changes .in cash prices for Maine 
potatoes at local shipping points were generally associated with similar 
changes in prices of potato futures conU"acts on the New York Mercantile 
Exchange. This association is represented by the legal right of delivery 
that futures contracts always have;" with a few exceptions (one of which 
is mentioned below), the carrying charge accounts for most of the dif­
ferencebetween cash and futures prices. 

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

(34) 

where-

F t+l = futures contract price for delivery in period t+1­

= cash price in period t.Ct 
M = marginal COSt per unit of rent for storage space, handling 

charges, interest, insurance and spoilage. 

x = ma.rginal convenience yield. 
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Futures prices may not always be higher than cash prices. As 
stated by Working (.22), it is possible tohave a situation which represents 
"inverse carrying charges" (where the futures price is below the cash 
price, or prices of deferred futures are below those of near futures). 
The marginal convenience yield enters as a strong factor. This situation 
may occur where an "unexpected increase in demand" for current use 
develops. 

Tables of Actual and Estimated Values 

Tables 22 through 25 give actual and estimated values of the 
endogenous variables used in each of the four statistical 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 fi,tted by least squares were used to obtain estimates, 
since the equations were "just identified" (see p. 39 for criteria of 
identification). 

Comparison of the actual and estimated values for the period of 
fit 0947-60) in effect tests the explanatory ability of the statistical 
models. Thus, in this sense the variables in the models attempt to 
"explain" why changes have taken place in the past. Changes occurring 
in 1947-60 were great enough to provide a challenging test of the ex­
planatory ability of the four seasonal models. Government programs for 
disposal of potatoes 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 structure for 
the potato economy, given certain stated economic and statistical 
assumptions. ' 

Data Used in Four Statistical Models 

The data used in fitting the respective statistical models are given 
in tables 26 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 relations. The 
data generate a measure of "real price" at the retail and farm market 
levels since 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 dispos:?ble 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 becauee wholesale prices are assumed to be the best 
indicator of changes in marketing costs resulting from chang':s in the 
general price level. 

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

In general, data for each statistical model begin with different 
initial seasons. Data for the late summer and fall model begin with 
August 15; for the winter and early spring model, January 1; for the late 
sprin~ model, May 1; and for the early summer model, July 1. 
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Table 22.-Model of late sumner and faIl potato matkE't: Actual and 
estimated values of 'the endogenous variables, 1947-60 1/--Continued 

Estimated 

Reduced-form : Structural equations
equations 

:Actual:------ ---------Item and Yc?ar 

Two­
:Limited: Le t : Limited: Least
:infor-: as :infor-: stage
:mation : squares :mation • least : squares' 

;squares; 

:~~ Pounds ~~ Pounds 

Consumption for livestock 
feed, per capita, Cf : 

1959 9.06 7.72 8.57 7.63 7.64 7.85 
1960 8.16 7.68 7.70 7.86 7.88 8.06 

Consumption for starch 
per capita, Cs : 

1947 3.12 3.25 3.12 3.44 3.39 3.73 
1948 4.44 4.70 3.99 4.50 4.47 4.67 
1949 5.23 7.32 5.08 5.52 5.58 5.16 
1950 8.63 8.21 9.08 8.75 9.02 7.09 
1951 1.84 1.48 2.21 2.7'7 2.66 3.46 
1952 6.97 5.42 6.39 6.47 6.44 3.79 
1953 6.47 7.20 7.07 8.49 6.69 7.13 
1954 4.11 5.87 4.34 4.82 4.73 5.38 
1955 5.31 5.20 4.83 5.90 5.93 5.70 
1956 10.96 10.83 11.30 10.74 10.74 10.75 
1957 7.47 7.53 7.42 7.99 7.90 8.54 
1958 10.63 9.53 9.63 10.50 10.62 9.79 
1959 4.37 5.43 5.75 5.28 5.20 5.74 
1960 5.70 4.30 5.03 4.62 4.67 4.31 

:Dollars Dollars Dollars Dollars Dollars Dollars 

Farm price, per hundred­
weight, Pf : 

1947 2.65 2.62 2.49 2.75 2.75 2.79 
1948 2.40 2.29 2.52 2.67 2.33 2.35 
1949 2.05 2.08 1.9" 1.97 1.63 1.59 
1950 1.26 0.65 1.39 1.57 1.32 1.30 

1/ See footnotes at end of table 14. - .continued 
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Table 22.--I·!odel of late summer and fall potato market: Actual and 
estimated values of the endogenous variables, 1947-~0 lI--C~ntinued 

Estimated 

~ Reduced-form Structural equationsequations 

It-pm ::md Year :Actual: 

Two­
~~~~~~d~ Least ~~~~~~d: stage Least 
:mation :squares:mation • least :squares 

;squares; 

:Dollars Dollars Dollars Dollars Dollars Dollars 

Farm price, per hundred­
~Ieight, Pf : 

1951 2.43 3.30 2.77 1.74 2.~6 2.47 
2952 2.72 1.99 2.01 2.35 2.53 2.49 
1953 
295/, 

1.07 
1.87 

1.10 
1.76 

1./~4 

1.71 
1.32 
1.28 

1.08 
1.58 

1.03 
1.53 

1955 1.116 1.69 1.76 :'.35 1.53 1.34 
1956 1.33 0.90 2.28 1. 55 1.62 1.57 
1957 1. S8 ?30 1.74 1.57 1.72 1.57 
2958 0.98 0.85 1.01 1.13 1.22 1.16 
1959 1. 77 1.96 1.56 1.65 1.81 1.76 
1960 1.55 1.70 1.58 1.~3 1.86 1.81 

Cents Cents Cents Cents ~ Cents 

Retail price, per 20­
pounds, .Pr : 

1947 
29118 

54.4 
51.4 

53.5 
51.8 

51.6 
54.3 

54.8 
52.6 

53.5 
52.6 

53.11 
52.6 

1949 47.7 51.6 45.7 117.h 52.2 53.0 
1950 39.6 110.7 h1.7 38.3 43.6 42.1 
1951 51,.6 59.3 58.8 51.7 53.2 53.5 
1952 61.5 50.6 51.5 59.9 58.2 60.1 
1953 39·7 1,4.7 1,5.3 40.8 43.3 42.2 
1954 
1955 

48.9 
114.9 

49.6 
49.0 

47.0 
49. 1 

46.1, 
48.6 

51.3 
47.0 

52.1 
~6.8 

1956 48.6 43.2 47.2 49.5 45.6 45.0 
1957 51.1 53.8 51.9 46.2 49.9 50.5 
1958 43.3 43.1 43.4 49.7 42.8 41.7 
1959 52.4 51.0 50.5 47.3 50.1 50.6 
1960 53.2 49.1 53.2 48.2 52.7 47.9 

11 See footnotes at end of table 14. 
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Table 23.--Mode1 of winter and early spring potato market: Actual and 
estimated values of the endogenous variables, 1947-60 1/ 

J::~timated 
'Reduced-fonn 

Structural equationse!:luations 
Item and year Actual 'liro-Limited 	 LimitedLeast 	 staee Leastinfor-	 infor­squares 	 least sqllaresmation 	 mation sguares 

Dollars 	 Dollars Dollars Dollars Dollars~ 

f'ann price, per hundredweigbt: 

Winter and early spring potatoes, 


PS1: 


1947 3.17 3.49 3.41 3.34 3.34 3.34 
1948 4.19 4.48 3.88 4.09 4.01 3.95 
1949 3.54 4.20 3.33 3.45 3.45 3.44 
1950 2.77 2.67 2.73 2.83 2.88 2.92~ 	 1951 2.4G 1.97 2.87 2.31 2.47 2.58 
1952 3.67 3.81 3·99 3.Q7 3.78 3.e3 
1953 2.38 2.75 2.84 3.00 2.90 2.83 
1954 2.08 2.51 1.60 1.49 1.80 2.03 
1955 3.17 3.19 2.81 2.71 2/7 2.63 
1956 2.99 2.21 3.51 2.50 2.41 2.34 
1957 1.(,7 1.61 1.44 1.78 1.81 1.84 
1958 2.04 2.34 2.34 2.95 2.84 2.75 
1959 2.15 2.47 1.(8 1. 77 1.95 2.09
19(,0 ?.94 2.88 2.77 3.03 2.92 2.84 

storaee potatoes (January-April), 

Pr1: 


194Z 	 2.10 2.13 2.10 2.05 2.03 2.01
194 	 3.29 3.282.~ 	 3.~0 3.17
1949 	 2. 3.31 2.40 2. 0 ~:~~ 2.~31950 1·93 1.91 2.03 1.811 1.85 1. 7 
1951 1.32 1.19 1.48 1.10 1.17 1.26 
1952 2.98 2.62 3.12 3.14 3.72 2.94 

11 See footnotes at end of table 15. 	 - Continued 



Tahle 23.-1-ndel oj' winter and earl~' sprinr. potato market: Artual and 
estimated values of the endol:enous vari ..hles, 1'11,,(-,0 J:/- Continued 

Estimated 
Hed\.red- form Strurtura1 equations

eguations 
Item and Year ArLual Limited 

infor­
malion 

Least 
squares 

Limited 
infor­
mation 

Two­
stll('e 
least 

squares 

Least 
squares 

Dol1a.'s Dollars Dollars Dollars ~ Dollal's 

Farm pricp, per hundredw@lght: 
Stora.~e potatoes (.January-April), 

p • 

I:: 
I\l 

1 
1CJ53 
10 51, 
lC')'j'; 
l'1S( 
10'>,( 
105M 
1<')5" 
1'10 

2.19 
0.il5 
1.01 
1.(,6 
LOP' 
2.10 
0.,,4 
2.05 

1.75 
1.04 
2.70 
1.43 
0.P,3 
1.4 
1.41l 
2.06 

1.79 
1.25 
2.71, 
1.9/\ 
0.'1(' 
1.32 
1.42 
1.67 

1.91 
0.-,.'\ 
1.71 
1.9'1 
1.37 
2.' 2 
1.13 
1.31 

l.fJi" 
1.40 
1.83 
1.CJO 
1.2<1 
2.36 
1.16 
1. 114 

1.79 
1.07 
1. 0 7 
2.01 
1.20 
2.03 
1.21 
1.(.0 

Pounds Pounds ~ Pounds ~ Pounds 

rall potatoes in storare, per rapita,: 
May 1, st.: 

l! 

1947 
1'14" 
1<)119 
1"50 
1:"11)1 
1CJ52 
1)~3 

1.'15~ 
1"5<; 
1956 
1'157 
lo:,h 
1'150 
19{'O 
See l'ootnotes at end of table 15. 

Vj2 
! t'(' 

3.01 
7.45 
,'.2' 
1.71 
'j,4? 
'1,83
B,o'1 
4.-''' 
9.28 
'.?"
1'.(.6 
•• 59 

(,. 'l( 
, .10 
11.'1( 
r . rl~' 
I.PI; 

2.(1 
7.03 
'1.0 1; 

C.CJ6 
4.46 
9.17 
( . til 

10.49 
'l. 53 



lable 24.--Model of late spring potato market: Actual and 
estimated values of the endogenous variables, 1947-60 ~ 

Item and year 

Farm price,per hundred­
weight: 

Late spring potatoes, 

PS2 


1947·· ••.................. ; 

1948...................... : 

1949.............•........ : 

1950...................... : 

1951.······· .............. : 

1952............•......... : 

1953.........•............ : 

1954..•................•.. : 

1955·· .................... : 

1956...................... : 

1957·· .................... : 

1958......... , .•.......... : 

1959·.··· .. · .............. : 

1960...................... : 


storage potatoes (May-­

June), Pf2 


1947......•.•............. : 

1948...........•.•.....•.. : 

1949....••••.............. : 

1950........•....•........ : 

1951.·················· .•. : 

1952..........•...•....... : 

1953··········· .•.....••.. : 

1954............•.......•. : 

1955········.· .•.......•.. : 

1956............•......... : 

1957..• ·.·.·· ......•...... : 

1958•..................... : 

1959··.·· .••.............. : 

1960..•................... : 


Actual 

Dollars 

2.80 
2.61 
2.38 
1.71 
2.10 
3·51 
1.34 
2.28 
1.85 
3.64 
1.22 
1.60 
2.60 
1·99 

2.45 
2.84 
2·92 
1.85 
1·31 
3·93 
1.26 
1.19 
2.62 
2·97 
0·78 
1.12 
1.85 
2.08 

~ See footnotes at the end of table 16. 
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Estimated 

Reduced-form equation ­
least squares 

2.94 
2.21 
2.55 
1.61 
2·37 
3.42 
1.47 
1.98 
2.12 
3.58 
1.17 
1.81 
2·53 
1.88 

2.94 
2.15 
3.04 
1.64 
1.59 
3.56 
1.84 
1.34 
1.78 
3·29 
0.98 
1.30 
1.91 
1.80 



Table 25.--Hode1 of early swomer potllto market: Actual and 
estimated values of the endogenous variables, 19117-00 y 

Estimated 
Reduced-form structural equations

eguationsItem and year Actual Limited 	 Limited Two-stageLeast 	 Least
infor-	 infor- least squares 	 squares
mation mation SQuares 

Dollars Dollars 1}gL1~ Dollars Dollurs~ 

Farm price,per hundredweigrt: 

Early suwmer potatoes, P 
s3 

194'( 2.62 2.94 2.38 2.60 2.63 2.67 
1948 2.46 2.15 2.40 ?30 2.08 2.33 
1949 2.25 2.34 1.79 2.27 2.18 2.29 
1950 1.74 1.87 2.32 1.92 1.94 1.88 
1951 2.06 2.73 2.88 2.10 2.75 2.03 

~ ..,.. 	 1952 3.98 2.11 3.06 4.01 3.32 4.07 
1953 1.38 1.23 1.50 1.<'7 1. 73 1.21 
1951, 2.22 2.64 2.?3 2.16 2.25 2.17 
1955 1.41 2.70 1.31 1.56 1.91 1.55 
1956 4.10 2.88 2.311 3.84 3.23 3.94 
1957 1.40 1.42 1.65 1.43 1.52 1.37 
1958 1.20 2.47 2.07 1.20 1.43 1.17 
1959 2.13 2.19 2.26 <'.21 2.26 2.24 
1960 1. ?9 0·99 1.04 1.80 1.54 1.80 

Late spring potatoes, (Ju1y-

August) PS2(s) 


1947 3,08 3.11 2.66 2.83 2.83 2.'(2 
1948 2.39 2.42 2.51 2.83 2.B3 2.4h 
1949 2.21 2.4? ?DO 2.13 2.13 2.33 
1950 1.63 1.75 2.02 1.47 1.47 1.64 
1951 2.13 2.53 2.74 1.36 1.36 2.28 
1952 3.B1 1.71 2.72 3·97 3·97 3.71 
1253 1.24 0·23 1.112 1.11 1.11 1.32 
See footnotes at end of table 17. 	 - CQ!\tinuedY 



Table 25.--Hodel of early summer potato market. Actual and estimated 
values of the endogenous VI' rinbles, 191!7-60 Y -- Continued 

Estimnted 

Item and year Actual 

Dollars 

Reduced-form 
eauations 

Limited 
infor- Lenst 

mation squares 

Dollnrs Dollars 

Structural equations 

Limited Two-stage 
infor­ least 
mation sguares 
~ Dollars 

Least 
squares 

Dollars 

Farm price,per hundredweight: 

Late spring potatoes, (July-
August) Ps." 

~(s) 

1954 
1955 

2.31 
l.39 

2.80 
2.81 

2.'/5 
l.72 

"'.08 
~.2b 

2.08 
l.<,6 

2.18 
l.86 

1956 3.82 2.83 3.08 3.96 3.96 3.52 

I::", 
195'( 
1958 
1959 

l.46 
l.36 
2.48 

l.23 
3,05 
2.46 

l.55 
2.3-( 
2.115 

1.1fQ 
l.28 
2.24 

1.411 
l.28 
2.24 

l.35 
1.59 
2.3<' 

1960 2.119 1.16 1.1/2 3.10 3.10 2.08 

Late suwmer potatoes, (July-
August) PI 

s 
194'i 2.41 2.56 2.10 2.39 2.39 <'.36 
1948 2.25 2.09 2.33 2.23 2.23 2.15 
1949 
1950 
1951 

2.08 
l.'/9 
l.45 

2.12 
l.61 
2.16 

l.69 
2.10 
2.29 

2.0"( 
l.54 
1.83 

2.0Ii 
l.54 
1.83 

2.09 
l.4'( 
1. 78 

:952 3.48 1.94 2.50 <,.86 2.86 3.28 
1953 0·99 1.4<' 1.43 l.49 1.49 1.25 
1954 1.'(4 2.02 2.1'( 1.81 1./l1 1.85 
1955 
;956 
195'1 

0·9"( 
2·91 
1.27 

2.02 
1.9"( 
1.24 

0.85 
2.39 
1.34 

1.38 
2Sf 
1.22 

1.38 
2S( 
1.22 

1.14 
3.09 
l.06 

1958 0·96 l.65 1.63 l.01 l.01 0.94 
1959 1.51 1.63 1.71 1.60 1.60 1.63 
1%0 

at end of table 17. 
1.71 ~-,1~ 1.00 1.52 1.52 1.41 



Table 26.--Data used in the 5-equation l~te summer and fall model for potatoes, 1947-60 

Year 

Consumption of late summer 
and fall potatoes for-

Food Livestock Starch 
11 feed gj 'jJ 

Consumption 
of late 

summer and 
fall potatoes 

for food, 
l.1gged 1 year 

Percent of 
late summer 

and fall 
productioll 

processed into 
food products 

Supply of 
late slimmer 

and fall 
potatoes 

for food, feed; 
and starch !if 

Ch Cf C s C.n 
t 

_
1 

" ~f 
r '~-(Se+R) 

'" 
!-lillion Million -"!-lillion l>lillion Million 
hundred­ hundred­ hiil1dred­ hundred­ hundred­
weifZht wei!?iht ~lei~ht weigEl- Percent weight 

f-' 
f-' 
0'\ 1947 121.3 13.1 IL5 131.u 3.3 138.9 

1945 116.0 14.9 6.5 121.3 3.0 132.2 
1949 117.1 15.3 7.8 n6.0 4.6 140.2 
1950 124.8 16.5 13.0 117.1 5.1 154.3 
1951 120.0 10.8 2.8 124.8 6.9 133.6 
1952 124.8 12.3 10.8 120.0 6.6 14?9 
1953 135.3 15.4 10.2 121f.8 7.6 160.9 
1954 134.0 14.S 6.b 135.3 8.3 155.4 
1955 133.1 11.,4 13.7 134.0 9.6 156.2 
1956 136.5 18.6 lS.3 133.1 9.8 1'(3.4 
1957 137. '{ 12·9 12.7 136.5 12.0 163.3 
1958 143.0 If.2 15.4 l3?7 13.0 178.6 
1959 147.2 14.2 '7. '( 143.0 16.1 169.1 
1960 149.,{ 14.6 10.2 14'(.2 lS.8 1?4.5 

See footnotes at end of t~ble. -Continued 



Table 26.--Data used in the 5-equation late summer and fall model for pota~oes, 
1947-60 -Continued 

Price of late summer and Index numbers (1947-49=100) oi'­fall potatoes-

ConsumerRetailPrice of Cost of disposable
feeder prices ofFarm, per Retail, per marketing income,

Year steers, processedhundredweight 10 lb. bag late summer July-June
October 1 plate§j and fall2/ vegetables11 potatoes 

P l' MPf py- DiPf 1 
a 

E 
Billion 

Dollars Cents dollars 

1947 2.68 54.1 93.'( 101.8 89.6 179·1 
1948 2.48 53.0 109.6 101.2 102.5 192.4 
1949 2.01 48.2 96.7 97.0 10,{.9 195.1 
1950 1.41 42.5 129.B 114.3 108.7 2lB.5 
1951 2.75 61.4 156.6 113.1 114.1 232.8 
1952 3.01 70.1 110.7 116.7 119.1 247.4 
1953 1.18 45.6 70.5 114.3 122.0 254.2 
1954 2.06 56.0 B7.3 lOB.3 123.0 263.4 
1955 1.63 51.6 83.8 108.3 122.6 284.1 
1956 1. 55 57.4 77.2 107.1 126.0 301.8 
195"( 1.99 62.4 95.6 107.'( 133.0 312.4 
1958 1.17 53.6 121.8 110.7 133·9 328.6 
1959 2.11 65.7 116.4 10B.3 132.4 343.B 
1960 1.85 67.6 99·3 114.3 132.5 355. '( 

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, 
1947-49=100 

(January-December) 

Year 
August­ July­
April June 

1947 99.5 99.6 
1948 103.2 103.1 
1949 101.1 101.2 
1950 107·2 10'(.4 

~ 1951 112.4 112.4 
0> 

1952 114.0 114.0 
1953 115.0 115.0 
1954 114.5 114.5 
1955 114.8 114.9 
1956 118.1 118.3 
1957 122.0 122,2 
1958 123.8 123.8 
1959 125.5 125.6 
1960 127,0 127.2 

Index numbers of wholesale Population,
prices, 1947-49=100 January 1 (following year)(January-December) 

Eating 

August­ January­ out of 
 TotalApril December 	 civilian 


supplies 


Million Million 

101.2 96.4 144.1 145.5 
103.4 lOlL 4 146.4 148.0 

98.1 99.2 149.0 150.6 
111.7 103.1 150.7 153.1 
113.1 114.8 152.3 155.8 
110,5 111,6 154.9 158.4 
110.5 110.1 157.7 161.1 
110.1 110.3 160.7 164.0 
111,9 110.7 163.9 166.8 
116.2 114.3 167.0 169.8 
118.6 117.6 170.1 172.7 
119.4 119.2 173.1 175·9 
119.4 119.5 176.1 178.6 
119.6 119.6 179.0 181.5 

~. Consumption for food includes fresh, chips, canned, dehydrated and frol.en. ]V Includes shrinkage and 
waste on farms where grown. dI 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. ~ Q represents 
gross production; Se represents utilization for seed; and R represents Government activities, net exports 
and military procurement. 21 Season average price received by farmers. §j From reports of Bureau of Labor 
Statistics. Retail prices previous to January 1955 were adjusted from a 15-pound basis to a 10-pound basis.
11 Index of prices per hundredweight of stocker and feeder steers, good, 500-800 pounds, Kansas City. 



~ab1e 27.--Data used in the 4-equation winter and early spring model for potatoes, 1947-60 

storage stocks Prlt'es received by fanners 
per hundredweight-

Year 

Consumption 
of winter 
and early 

spring 
potatoes 

JJ 

Consumption 
of fall 

(storage) 
potatoes 
for food, 
January-

April
y 

Fall 
potatoes 

in 
storage, 
January1 

Fall 
potatoes 

in 
storage, 

May 1 
:21 

Percent 
of total 

food 
utilization 
processed 

into 
food 

products 

Winter 
and 

early 
spring 

potatoes 

Fall 
(storage) 
potatoes, 
January-

April 
!!/ 

Sustained 
monthly 
price 
rhange 

for fall 
(storage) 
potatoes, 
November-

Q
S1 

C
f1 Sj S\; Cfr1. 

PSl Pfl 
April:;'/ 
PSmc 

Million Million Million Million 
hundred­ hundred­ hundred­ hundred­
weight weight weisht weiSh\; Percent Dollars ~ Cents 

1:= 
\D 

1947 
1948 
1949 
1950 
1951 

2.1 
2.5 
4.7 
5.2 
5·9 

39.0 
37.5 
38.4 
39·9 
45.2 

115.3 
93.1 

110.0 
loG. 4 
111.6 

8.2 
9.(: 
4.4 

11.1 
12.5 

3.5 
4.7 
5.9 
6.9 
8.1 

2.94 
4.23 
3.(1 
2.79 
2.70 

1.95 
2·95 
2.'~7 

1.95 
1.45 

+26.0 
+42.0 
460.0 
-15.0 
+30.0 

1952 5.9 38.7 69.2 2.6 8.5 4.14 3.37 +86.0 
1953 
1954 

7.8 
7.6 

40.3 
46.4 

81.2 
91.8 

8.4 
15.5 

8.4 
9.8 

2·95 
2.39 

2.50 
.98 

-51.0 
-511.0 

1955 9.0 46.3 88.2 13.0 10.4 3.62 2.18 +18.0 
1956 9.3 45.0 86.0 7.8 12.3 3.114 1.91 +140.0 
1957 
1958 

10.7 
9.3 

44.9 
42.2 

100.6 
92.7 

15.5 
15.8 

13.4 
16.0 

1.98 
2.49 

1.28 
2.58 

-37.0 
+61.0 

1959 
19('0 

6.8 
(,.8 

51.2 
54.1 

107.9 
99.4 

15.0 
11.(, 

18.4 
20.5 

2.16 
3.' 9 

lolL 
2.58 

-17.0 
+134.0 

1/ Adjustment made, 1947-50, for removal of potatoes under Government programs. 
~ Derived in the following manner: (a) Start initially with storage stocks reported January 1, (b) adjust for disappearance 

under Gove,nment 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 l-April 30, to 
total shipments of storage potatoes, January l-June 30. 

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



Table 27.--Data used in the 4-equation winter and early spring model for potatoes, 1947-60 - Continued 

Index of wholesale Population
Index Disap- prices, 1947-49=100Disposi- Consumer January 1 

numbers pearance of (January-December)
tion of priceConsumer of potatoes


disposnble cost of storage for misceUa- index, 

potatoesincome, marketing neous uses, 1947-49-

Year under 100,1st potatoes, shrinkage
quarter Government (January- Novellber Eoting

1947-49= and loss,progrruns, December) to January- out of .
100, January- Total

January- January- April December civilian
January- AprilApril April y supplies
December 

Dl Ml Gf R 

Million Million 
Billion hundred- hundred-

weiG!!t weifiht ~ ~ ~ 

I-' 1947 167.5 89.6 28.3 39.8 92.8 93.0 96.4 140.9 142.8 
lS 1948 179.5 102.5 8.3 37.7 100·9 102.7 104.4 144.1 145.5 

1949 190.6 107.9 31.6 35.6 102.1 102.2 99. 2 146.4 148.0 
1950 200.9 108.7 25.5 29.9 100.6 98.1 103.1 149.0 150.6 
1951 219.8 U4.1 25.2 28.7 109.8 U4.3 u4.8 150.7 153.1 
1952 232.1 119.1 27·9 112.7 112.8 1ll.6 152.3 155.8 
1953 250.0 122.0 32.5 U3.6 109.9 110.1 154.9 158.4 
1954 254.6 123.0 29·9 114.9 110.5 UO.3 157.7 161.1 
1955 263.8 122.6 28.9 u4.3 110.1 110.7 160.7 164.0 
1956 283.1 126.0 .8 32.4 U4.7 112.2 114.3 163.9 166.8 
1957 302.5 133.0 6.2 34.0 118.8 u6.7 117.6 167.0 169.8 
1958 311.4 133.9 5.6 29·1 122.9 U8.9 119.2 170.1 172.7 
1959 329.6 132.4 7.8 33.9 123.8 119·5 119·5 173.1 175.7 
1960 344.0 132.5 3.6 30.1 125.7 U9.4 119.6 176.1 178.6 

~ Weighted average of prices received by farmers for January-April. 

21 Sustained monthly price change in a given direction. Noyember and December data are for1h e previous year. See text and 

appendix for explanation. 



Table 2/;.-Data used in the 2-cquatlon late spring model 1'or potatoes, 1947-60 

Prices 
received by 1'armers, Population April 1Consump­
per hundredweight- IndexConsump- tion ConsumerConsumer numbers01' 1'alltion pricedisnosa- of

of late (storage) index,Fall bie wholesalespring potatoesYear Lute (storage) income, prices of all 1947-49= 
potatoes for 1'ood, 100 Eatingspring potat:oes 2nd commodities14ay-June (January-II potatoes Nay-June quarter 194'r-!I9= out of Totaly December) civilian100'JI May-June supplies

Cla 2 ~2 PS2 Pf
2 

D2 M2 

14111ion Nillion 
hundred- hund.red- Billion 
weight weight Dollars Dollars dollars Million Million 

I-' 1911'( ??4 4.0 2.67 ?30 164.8 96.4 94.3 141.8 143.4 ~ 1918 23.0 11.D 2.65 2.92 188.8 104.4 103.2 144.6 146.0 
1949 25.3 2.3 2.1,3 2.98 190.2 99·2 102.5 14,(.0 148.6 
1950 25.1. 0.3 1.'(4 1.83 201. 'r 103.] 101.6 149.6 151.1 
1951 20.= '(. 'I 2.33 l.J~5 226.4 114.8 110.8 150.7 153.7 
19::>2 22.4 1.5 3·9" 4.45 ::35.6 111.6 113.2 152.7 156.4 
1953 2f.7 4.6 1.53 l.q4 ~5?e 110.1 1;11,." 155.5 159.0 
1954 22.1 9.11 2.oF 1.3i 254.ti 110.3 115.0 158.4 101.8 
1955 21~.0 8.0 2.12 3.00 272.0 110.'( 111+.3 161.5 164." 
1950 21.8 4.0 q.21 3.114 288.8 114.3 115.8 161!.6 167.5 
195'( 2'7.1 8.8 1.q6 ·93 308.0 117.6 119.8 16".·i 1'(0.5
1958 23.7 9·3 1.98 1.39 3lQ.2 119·2 123.6 170.8 173.4 
1959 22.6 9·0 3.23 2.30 338.0 119.5 124.1 173.8 176.4 
19t.io 26.4 '7.4 2.51 2.63 3Q9.6 119.6 126.3 1'76.8 l'79.2 

Y Adjustment mode, 1947-50, for removal of potatoes under Government programs. 
?J Derived by the same method as given in footnote 2, table 27, except for (d) carry out the following step: Use ratio 01' 

shipments May-June to total shipments January-June to determine .. he share of storage potatoes used for food, 14ay and June. 
'JI 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 SUDl.'1Ier late spring late summer Early Late LateYear potatoes potatoes potat.oes summer spring summer 
for food 11 for food 11 for food Y potatoes potatoes J! potatoes !il 

P P P1QS3 QS2 Q1 S3 S2(s)s 	 s 

Million Million Million 
hundred- hundred- hundred­
wei~ weis;ht weight Dollars ~s Dollars 

19i}7 16.0 22.4 11.6 2.50 2.94 2.30 
r-' 1948 14.6 23.6 12.0 2.57 2.50 2.35 
I\) 12.1 25.3 12.2 2.28 2.24 2.11I\) 	 1949 

1950 11.8 25.6 14.5 1.80 1.68 1.85 
1951 11.6 20.5 12.1 2.29 2.36 1.61 
1952 9.6 22.4 10.9 4.54 4.35 3.97 
1953 10.9 27.7 11.4 1.58 1.42 1.14 
1954 10.7 22.1 12.7 2.56 2.66 2.00 
1955 13.0 24.0 11.6 1.62 1.59 loll 
1956 10.2 21.8 12.4 4.79 4.47 3.40 
1957 10.0 27.1 12.0 1.69 1. 76 1. 53 
1958 12.5 23.7 12.2 1.49 1.69 1.19 
1959 12.2 22.6 9.9 2.66 3·09 1.88 
1960 13.3 26.4 8.2 2.26 3.15 2.16 

1:.1 Adjustment made, 1947-50, 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. 

'.ijv\-.'.:i'~,"'N--'''.,!,,~, 0-' 've""''''''~r-:''::·~ik~'r.-' 



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

Year 

Consumer 
disposable 

income, 
3rd 

quarter 
D3 

Index 
numbers 
of cOlt 

of mtr~eting 
~o a oes

lCl4 -49 = 100 

M3 

Consumer price index, 
1947-49=100 

(~anuarl-December} 

Ju1y- January-
August December 

Index 
numbers of 
wholesale 
prices, 

1947-49=100 
(January-
December) 

Population July 1 

Eating 
out of 

civilian Tota.l 

supplies 

Billion 
Dollars Million Million 

c 

!Jl 
Cl 
0 
<
t'l 
:4 
II: 
E: 

I-' 
I\) 
lJJ 

1947 
1948 
1949 
1950 
1951 

172.3 
194.7 
188.6 
210.~ 

229.5 

89.6 
102.5 
107·9 
108.7 
114.1 

95.6 
104.6 
101.5 
103.3 
110·9 

95.5 
102.8 
101. 7 
102.8 
111.0 

96.4 
104.4 

99. 2 
103.1 
114.8 

142.6 
145.2 
147.6 
150.2 
151.1 

144.1 
146.6 
149.2 
151.7 
154.4 

!2 
'"l 
."::: 
2 
'"l 
2 
Cl 

1952 
1953 
1954 
1955 
1956 

241.1 
253.8 
256.8 
277.7 
295.2 

119.1 
122.0 
123.0 
122.6 
126.0 

114.2 
114.8 
115.1 
114.6 
116.9 

113.5 
114.4 
114.8 
114.5 
116.2 

111.6 
110.1 
110.3 
110.7 
114.3 

153.4 
156.0 
159·1 
162.3 
165.3 

157.0 
159.6 
16'2.4 
165.3 
168.2 

0 
"l:s 
n 
t>l 

1957 
1958 
1959 

312.7 
321.8 
338.8 

133.0 
133.9 
132.4 

120.9 
123.8 
124.8 

120.~ 

123.4 
124.6 

117.6 
119.2 
119·5 

168.4 
171.1~ 
174.5 

171.2 
174.1 
177,1 

g:., 1960 351.7 132.5 126.6 126.4 119.6 177.1f 179.8 

0 

" 
~ ~ Weighted average prices received by farmers for late spring potatoes, July-August •., _I Weighted average prices received by farmers for late summer potatoes, July-August. 




