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Abstract:
The steadily declining sheep numbers over the past eight years points out the problem area of the sheep
and lamb industry. This study analyzes factors influencing demand, supply, and price of sheep and
lamb at the farm level and examines some short run price forecasting models for the industry.

Two objectives were considered: 1) to identify and quantify factors affecting lamb and sheep prices at
the farm level; 2) to determine possible future trends of lamb and sheep prices for forecasting purposes
in the short run.

A detailed econometric model was fitted to annual time series data to examine the structural
relationships of the industry. Lamb demand and supply was partitioned into spring lamb and fed lamb
to obtain greater precision. The complete model included demand and supply equations for spring and
fed lamb, demand and supply equations for sheep, and an import equation. The relationships were
estimated by two stage least squares techniques for three recent time periods.

Forecasting models were developed for three estimating periods which included one month, three
month, and six month advance estimations. Ordinary least squares estimation techniques were applied
to monthly time series data.

The results of the structural annual analysis indicated that demand for both spring and fed lamb was
more highly inflexible to price (higher elasticity) at the farm level than earlier studies had indicated.
Income was found to be an important factor in demand for spring and fed lamb. Imports of lamb and
mutton were found to have a small impact on lamb prices.

Results from the forecasting model suggest that lamb prices and price trends can be predicted with
considerable reliability, particularly when all three time periods are used in chronological order.
However, since the possibility exists of large errors in the estimates obtained, the model should be used
as a forecasting tool with good judgment.

There is a need for further exploration and refinement of the model in terms of lagged price variables,
data arrangement, and weighting techniques as well as improved statistical procedures. Additional
testing of the equations with future data should add precision to the price forecasts. 
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ABSTRACT

The steadily declining sheep numbers over the past eight years 
points out the problem area of the sheep and lamb industry. This study 
analyzes factors influencing demand, supply, and price of sheep and lamb 
at the farm level and examines some short run price forecasting models 
for the industry.

Two objectives were considered: I) to identify and quantify 
factors affecting lamb and sheep prices at the farm level; 2) to deter
mine possible future trends of lamb and sheep prices for forecasting 
purposes in the short run.

A detailed econometric model was fitted to annual time series data 
to examine the structural relationships of the industry. Lamb demand and 
supply was partitioned into spring lamb and fed lamb to obtain greater 
precision. The complete model included demand and supply equations for 
spring and fed lamb, demand and supply equations for sheep, and an import 
equation. The relationships were estimated by two stage least squares 
techniques for three recent time periods.

Forecasting models were developed for three estimating periods 
which included one month, three month, and six month advance estimations. 
Ordinary least squares estimation techniques were applied to monthly time 
series data.

The results of the structural annual analysis indicated that 
demand for both spring and fed lamb was more highly inflexible to price 
(higher elasticity) at the farm level than earlier studies had indicated. 
Income was found to be an important factor in demand for spring and fed 
lamb. Imports of lamb and mutton were found to have a small impact on 
lamb prices.

Results from the forecasting model suggest that lamb prices and 
price trends can be predicted with considerable reliability, particularly 
when all three time periods are used in chronological order. However, 
since the possibility exists of large errors in the estimates obtained, 
the model should be used as a forecasting tool with good judgment.

There is a need for further exploration and refinement of the 
model in terms of lagged price variables, data arrangement, and weighting 
techniques as well as improved statistical procedures. Additional test
ing of the equations with future data should add precision to the price 
forecasts.



CHAPTER, I

INTRODUCTION 

Historical Survey

Past records indicate that domestic sheep have been raised by the 

earliest people in history and with the development of civilization they 

have gradually spread over the entire face of the globe.— ^

The development of the Spanish Merino sheep industry during the 

period from 1400 to 1700 A.D. resulted from the fusion of various blood 

lines brought to Spain by the Phoenicians from Asia, Africa, Greece, and 

Rome.— / While exportation of these sheep from Spain was prohibited until 

the latter half of the 18th century, Merino sheep with its fine wool qual

ities and heavier wool production has had a marked impact on the sheep 

industry of the world.— /

Sheep were brought to North America by the Spanish discoverers and 

conquerors. In 1493 on his second voyage, Columbus brought sheep to His

paniola. Spanish ships later carried sheep to Cuba, and Panama.—/ In the 

early 1600's sheep were brought into Virginia and Maryland as well as the

—/Charles E . Raymond. "Where in the World Will Sheep Be Produced?" 
The Future for Sheep, CAED Report 21, Iowa State University of Science and 
Technology, 1964, p. 17.

—/Edward N. Wentworth. America's Sheep Trails. Iowa State College 
Press, Ames, Iowa, 1948, p. 9.

I/Ibid., p. 12.

Ezra A. Carman et_ al. Special Report on the History and Present 
Condition of the Sheep Industry of the United States. Government Printing 
Office, Washington, D.C., 1892, pp. 17-18.
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New Dutch and Swedish settlements/ In the 1790's the first Merino sheep 

were brought into the United States. During the next ten years 25,000 head 

of Merino sheep were imported and distributed to all states. These formed 

the foundation for much of the sheep industry of America.A/

As development of the country extended west, the center of sheep 

production moved until today sheep numbers are concentrated in the far 

western United States. The industry reached its peak in numbers in 1884, 

when the number of stock sheep totaled 51.1 million head.— / However, as 

the industry developed from east to west, emphasis has changed during the 

last half century from wool production to meat production. Today about 

three-fourths of the industry income is derived from the production of 

meat (Table I, page 3), although producers have tended to develop breeds 

which would produce good meat as well as wool.— /

While concentration of sheep production has focused on the western 

United States, total sheep numbers have generally declined. Considerable 

fluctuation has occurred since the peak of 1884. However, after a high of 

49.3 million head in 1942, numbers dropped to about 27 million through the 

1950's and peaked to a high of 28.8 million in 1960. Since that time stock

5/L. G. Conner. A Brief History of the Sheep Industry of the 
United States. Government Printing Office, Washington, D.G., 1920, p. 93.

—/m . E. Ensminger. Sheep Husbandry. Interstate Printers and 
Publishers, Danville, Illinois, 1952, p. 23.

—/u. S. Department of Agriculture. Livestock and Meat Statistics 
1957. Statistical Bulletin No. 230, Economic Research Service, Washington, 
D.C., July .1958, p. 4.

—/Ensminger. ojd. cit. , p. 25.
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TABLE I. CASH RECEIPTS FROM LAMB AND SHEEP AND WOOL FOR SELECTED YEARS

Year

Cash receipts 
from lamb 
and sheep* 
(mil. dol.)

Cash receipts 
from wool 
(mil. dol.)

Total 
cash 
receipts 
(mil. dol. )

Cash receipts 
from wool as a 
percent of 
total income

1910 105.3 66.4 171.7 38.7
1915 110.8 53.3 164.1 32.5
1920 166:3 114.2 280.5 40.1
1925 206.9 ■' 100.0 306.9 32.5
1930 161.5 68.7 230.2 29.8
1935 152.2 69.6 221.8 31.4
1940 180.0 105.5 285.5 37.0
1945 319.5 130.0 449.5 28.9
1950 387.3 134.6 521.9 25.8
1955 315.7 99.8 415.5 24.0

1958 358.1 88.6 446.7 19.8
1960 327.1 111.5 438.6 25.4
1965 328.6 95.0 423.6 22.4
1966 334.1 101.2 435.3 23.2
1967 299.2 74.8 374.0 20.0

*Includes income from lamb and mutton and sale of sheep and lambs„

Source: ' Compiled from Agricultural Statistics 1968, Table 491; 
1966, Table 512; 1962, Table 515; 1957, Table 504; 1941, Tables 521 and 
533.

sheep inventory numbers have declined each year until on January I, 1968, 

slightly over 19 million head of stock sheep were reported on farms.2/

The decline in inventory numbers is reflected in the decline in total

— /U. S. Department of Agriculture. Livestock and Meat Statistics. 
1967 Supplement to Statistical Bulletin No. 333, Economic Research Service, 
Washington, D.G., June 1968, p. 2.
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production and consumption, particularly in recent years (Table II).

TABLE II. PRODUCTION AND CONSUMPTION OF LAMB AND MUTTON FOR SELECTED YEARS

Year

Total
production 
(mil. lbs.)

Change in
production
(percent)

Total
consumption 
(mil. lbs.)

Change in
consumption
(percent)

1899 487 486
1900 493 + 1.2 492 + 1.2
1905 530 + 7.5 529 + 7.5
1910 597 +12.6 596 +12.7
1915 605 + 1.3 612 + 2.7

1920 538 -11.1 578 - 5.6
1925 603 +12.1 605 + 4.8
1930 825 +36.8 824 +36.2
1935 877 + 6.3 923 +12.0
1940 876 - 1.1 873 - 5.4

1945 1054 +20.3 943 + 8.0
1950 597 -43.4 596 -36.8
1955 758 +27.0 753 +26,3
1958 688 - 9.2 719 - 4.5
1960 768 +11.6 852 +18.5

1961 832 - 8.3 923 + 8.3
1962 809 - 2.8 950 + 2.9
1963 770 . - 4.8 908 - 4.4
1964 715 - 7.1 795 -12.4
1965 651 - 8.9 716 - 9.9

1966 650 - 1.5 771 + 7.7
1967 646 - 6.1 759 - 1.6

Source: Compiled from Agricultural Statistics 1966, Table 531;
1962, Table 533; 1899, 1900, and 1905 data taken from E. J. Working, Demand 
for Meat, Table I, p. 90.
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Role of the Lamb and Sheep Industry

Lamb and mutton play a relatively small role in the United States ■ 

meat industry. Per capita consumption in 1900 averaged 6.5 pounds. In 

1945 consumption reached 7.3 pounds per person. However, in 1967 this had 

declined to 3.9 pounds, a 46.5 percent decrease in 22 years. In sharp con

trast, per capita consumption of beef increased from 59.4 pounds in 1945 to 

106.3 pounds in 1967.— ' Poultry consumption per capita increased 81.6 

percent to 46.3 pounds in 1967.— ^

In 1930, lamb and mutton as a percent of all red meat consumed was

5.2 percent. Although some fluctuations have occurred, a general decline 

is clearly noticeable. In 1967, lamb as a percent of all red meat had 

declined to 2.2 percent. In contrast, beef consumption as a percent of 

all red meat has trended upward from 37.9 percent in 1930 to 59.7 percent 

in 1967. Table III, page 6, points out this relationship in percentage as 

well as actual consumption in pounds. Pork consumption has likewise de

clined over this period.

As mentioned earlier, the emphasis of the sheep and lamb industry 

has changed somewhat in the last half century. Reference to Table I, 

page 3, indicates that while considerable fluctuation has taken place, the 

percent cash income from wool of the total cash income in the industry has 

gone from 38.7 percent in 1910 to a high of 40.1 percent in 1920, followed

— /ibid., p . 145.

— /y.S . Department of Agriculture. Agricultural Statistics.
U.S. Government Printing Office, Washington, D.C., 1968, p. 691.
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TABLE III. LAMB AND MUTTON CONSUMPTION PER CAPITA AS A PERCENT OF ALL RED 
MEAT CONSUMPTION PER CAPITA FOR SELECTED YEARS

Year

Lamb and
mutton
(lbs.)

Lamb and 
mutton
(%)

Pork
(lbs.)

Pork
(%)

Veal
(lbs.)

Veal
(%)

Beef 
(lbs.)

Beef
(%)

All red
meat
(lbs.)

1900 6.5 4.3 719 47.7 5.2 3.5 67.1 44.5 150.7
1910 6.5 4.4 62.3 42.6 7.2 4.9 70.4 48.1 146.4
1920 5.4 4.0 63.5 46.7 8.0 5.9 59.1 43.4 136.0
1930 6.7 5.2 67.0 51.9 6.4 5.0 48.9 37.9 129.0
1940 6.6 4.6 73.5 51.6 7.4 5.2 54.9 38.6 142.4

1945 7.3 5.0 66.6 45.9 11.9 8.2 59,4 40.9 145.2
1950 4.0 2.8 69,2 47.9 8.0 5.5 63.4 43.8 144.6
1958 4.2 2.8 60.2 39.7 6.7 4.4 80.5. 53.1 151.6
1960 4.8 3.0 65.2 40.4 6.2 3.8 85.2 52.8 161.4
1961 5.1 3.2 62.2 38.6 5.7 3.5 88.0 54.7 161.0

1962 5.2 3.2 63,8 39.0 5.5 3,4 89.1 54.4 163.6
1963 4.9 2.9 65.6 38.6 4.9 2.9 94.5 55.6 169.8
1964 4.2 2.4 65.5 37.4 5.3 3.0 100.1 57.2 175.1
1965 3.8 2.3 58.8 35.1 5.2 3.1 99.6 59.5 167.4
1966 4.0 2.3 58.2 34.1 4.6 2.7 104.2 60.9 171.0
1967 3.9 2.2 64.2 36.0 3.8 2.1 106.3 59.7 178.2

Source: Compiled from Meat and Livestock Statistics, Statistical
Bulletin No. 230, Table 209; Statistical Bulletin No. 333s 1965 and 1968 
Supplements, Table 209.

by a recent high of 37.0 percent in 1940. The low occurred in 1958, but

has trended downward in late years to 20.0 percent in 1967. Where earlier

emphasis was placed on quantity and quality of wool production, present

demand is for (I) a high quality, well finished lamb carcass and (2) a
12/heavy fleece of merchantable wool.™ It'is evident that the importance

— /Ensminger. ojd. cit. , p, 25.
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of wool production in the industry has been declining.

While the role of wool has been declining, an aspect of importance 

to the sheep industry is the strategic role of wool in national security. 

World War II brought out the value of wool as a fiber for military tex

tiles / The United States government recognized wool as an essential 

and strategic commodity when the Congress passed the National Wool Act in 

August 1954. The purpose of this act was to encourage the increase in raw 

wool production by supporting the price of wool principally by means of in

centive payments. These payments were designed to give producers a, price 

up to H O  percent of parity with the limitation that total payments under 

the act must not exceed 70 percent of gross receipts from duties collected 

on imports of wool and wool manufactures on or subsequent to January I, 

1953.—  ̂ In this study, the wool market is considered to be an area for 

a sizeable research project by itself and is not further examined here, 

except as it relates to the production and pricing of sheep and lambs.

The level and geographical distribution of lamb meat consumption is 

by no means uniform among United States population. One study conducted in 

1964 indicates that nearly two-thirds of all United States households never

— /Ibid., p. 27.

— ^William Hoyt Witherell. "Dynamics of the International Wool 
Market: An Econometric Analysis." Unpublished doctoral dissertation, 
Princeton University, 1967.



8
serve lamb.-5̂ / Historically, people of particular ethnic groups have 

accounted for most of the lamb consumed in the United States. People with 

nationality backgrounds in the Middle East or Mediterranean countries 

appear to use more lamb on the average than other nationality groups in 

the United States. People of Jewish cultural heritage tend to be compar

atively high users of lamb.

While recent estimates of lamb use are not available by states, 

earlier studies may give some indication of the present lamb distribution. 

Department of Agriculture estimates for 1954 indicated that 80 percent of 

the nation's lamb consumption occurred in twelve states.—  ̂ The Northeast 

region and the Pacific region together accounted for 73 percent of the 

total. A large number of people in many areas of the country eat very 

little or no lamb.

Imports of lamb and mutton have been relatively insignificant prior 

to 1958. Since then imports have increased considerably. Imports consist 

largely of mutton (Figure I, page 9). In 1967, imports of lamb and mutton 

combined were equal to 18.7 percent of United States lamb and mutton pro

duction. Since 1961, this has varied from 11.0 percent in 1964 to 20.9 

percent in 1966.

American Sheep Producers Council, Inc. Lamb and the Consumer.
A research project in cooperation with the U.S. Department of Agriculture, 
1964, 22 numbered leaves.

— ^Darrell F. Fienup et al. Economic Effect of U.S_. Grades for 
Lamb. Agricultural Economic Report No. 25, Economic Research Service,
U.S. Department of Agriculture, Washington, D.C., 1963, p. 30.

:
j
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Million
Pounds

Mutton

Lamb

1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968

Figure I. Lamb and Mutton Imports 1958-1968

Source: Livestock and Meat Statistics 1962. Statistical Bulle
tin No. 333, 1963; Supplement June 1968.

Since lamb makes up a small proportion of the imports of lamb and 

mutton, the quantity of lamb imported in 1967 was equal to approximately 

two percent of estimated United States lamb and yearling production. At 

the same time, since domestic production of mutton is a small part of 

the total United States combined lamb and mutton production, mutton im

ports were almost two and one-half times as large as estimated mutton
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production.iZ./ A recent study concluded, however, that the rising increase 

in volume of imports did not constitute an important factor in determining 

farm price of sheep.ZJi/

Imports of mutton are subject to restriction under Public Law 

88-482 which came into effect in August 1964. This law specifies proce

dures for reviewing the import meat situation and outlines conditions for 

determining import quotas for certain meats. The quotas are related to 

the level of domestic production of these meats. When the estimated level 

of imports for the current year is expected to exceed H O  percent of the 

base quota for that year, the President must proclaim a quota on imports.— /

Statement of the Problem

In 1952, Ensminger wrote, "United States sheep production is very 

much on a sound basis," and that the sheep industry ". . . offers the 

brightest future on the entire livestock horizon."— / However, recent 

developments within and outside the industry tend to cast some doubt on

— /united States Department of Agriculture. Meat and Livestock 
Situation. U.S. Department of Agriculture, Washington, D.C., May 1968, 
p. 23.

-Ẑ -ZTi mo thy Mount. "An Analysis of the Present and Future Market 
for Lamb with Particular Reference to Oregon." Unpublished master's 
thesis, Oregon State University, 1965, 97 numbered leaves.

■Z2/united States Department of Agriculture. Meat and Livestock 
Situation. U.S. Department of Agriculture, Washington, D.C., July 1967, 
p. 25.

— /Ensminger.' ojd. cit., p. 40.
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the accuracy of the statement. In fact, as early"as 1964, Seller's summary 

statement indicated that ", . . not a very bright picture" had been painted 

for the future of sheep.— /

The decline in sheep numbers has brought to the fore a problem 

area, particularly in view of the growing income and population of the 

United States. While increased production through more saved lambs per 

100 ewes as well as increased average live weight at slaughter more than 

offset the decreasing sheep numbers in the period from the late 1940's to 

the early 1960's, a fall in production has been experienced in recent 

years. Indeed, production has declined each year since 1961 (Table II, 

page 4).

The declining share of lamb and mutton in total red meat consump

tion is reflected in a relative and absolute lower total income to produc

ers . The industry is confronted with a declining demand oh the one hand 

and a dwindling supply on the other. This, study is an examination of the 

industry at the producer level in order to provide insight to the problem 

area of the industry.

Objectives of the Study 

The specific objectives of the study are:

(I) To identify and quantify factors affecting lamb and sheep 

prices at the farm level.

— /Hartis Sellers, Jr. "How Will We Respond As Farm Flock 
Producers?" The Future for Sheep. CAED Report No. 21, Iowa State 
University, 1964, p. 69.
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(2) To determine possible future trends of lamb and sheep prices 

for predictive purposes in the short run.

Scope of the Study

A review of the research literature completed in the area of econ

ometrics relative to the sheep industry as well as a general review of work 

done in other areas of livestock analysis and in other applicable areas 

will be included in Chapter II. In Chapter III, the methodology and models 

will be developed for the analysis of the industry on an annual basis. ■ 

Procedures and models utilized in the examination of the industry on a 

monthly, quarterly, and semi-annual basis will be presented in Chapter IV. 

Chapters V and VI will be devoted to an analysis of the results of the 

study. Conclusions and implications of the study will be discussed in 

Chapter VII.



CHAPTER II

. REVIEW OF LITERATURE

Hundreds of books and articles have been published on demand and 

price analysis. No attempt is made here to make a complete review of all 

or even many of them. It is evident, however, that research in this area 

has followed two different paths with two different goals. While most of 

the early studies were devoted to pure abstract theory, many statistical 

studies, beginning in 1914 with Henry L. Moore's work, have been made to 

measure the quantitative relationships between prices, and consumption.— /

Waugh—/ points out that these two different approaches need not be 

in conflict, but rather complement each other to guide research on prices 

and demand. Fox— / indicates that statistical studies of demand really got 

underway after.World War I, after work was initiated by Moore, Benini, and 

several others. He attributes the relatively late development of staffs? 

tical studies to the slow evdIvement of statistical theory and to the 

lagging development of published economic data. Economic theory had 

developed at a much earlier date. Not until these developments took place 

in the present century did the combining of theory and statistical analysis 

occur. This study makes use of the statistical analysis of demand and

i/Frederick V. Waugh. Demand and Price Analysis. Technical 
Bulletin No. 1316, Economic Research Service, U.S. Department of Agricul
ture , Washington, D.C., November 1964, p. I.

— /Ibid., p. I.
3 /— KarI A. Fox. Econometric Analysis for Public Policy.- Iowa State 

College Press, Ames, Iowa, 1958, p. 7.
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supply of sheep and lamb.

Development of Statistical Analysis

The development of the statistical derivation of demand curves has 

been carefully outlined by Fox.—  ̂ Data series relating to production, con

sumption, and income applicable to available statistical methods did not 

become available until the 1930's. The United States Department of Agri

culture published a number of studies of the relationship between price and 

quantity of farm commodities during the 1920's. Many of the state agricul

tural colleges participated in these analyses. Many demand studies now 

exist for "aggregates" such as all farm products, all foods, food livestock 

products, meat animals and meats, and also for many individual products.— / 

Supply response studies have been made for a large number of products.

Classification has been made by Fox— / of persons doing research 

work in demand analysis prior to 1950. These groups include: (I) those us

ing the single equation least squares approach supplemented by judgment to 

avoid the pitfalls that have been stressed by other groups; (2) those who 

supplement the least squares approach with the application of bunch^map 

analysis to select appropriate variables; and (3) those who use a multi-

' — /KarI A . Fox. The Analysis of Demand for Farm Products.
Technical Bulletin No. 1080, U.S. Department of Agriculture, Washington, 
D.C., 1953, p. 6.

— / Ib id., p . 6.

&/Ibid., p . 7.
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equation approach and take explicit account of the problem of identifica

tion.

Several significant works have been published in the development of 

each of the three statistical analyses. The first group was marked by the 

work of Ezekiel— ,̂ Methods of Correlation Analysis, and Schultz—/, The 

Theory and Measure of Demand. Frisch—/ developed techniques to deal with 

the problem of the unrecognized combined' effect of random errors and high 

inter-correlation among the explanatory variables. His methods were used 

in the analyses of the second group.

The third group, the latest in development of the three, is iden

tified with the Cowles Commission in the 1940's. The main feature of the 

Cowles Commission approach is emphasis on the simultaneous determination 

of interdependent relationships. The problem of identification took on 

central importance and the level of mathematical sophistication utilized 

in the multiple, equation structure was theretofore unknown in demand anal

ysis „— / The most important contribution of the third group is the Cowles 

Commission Monograph No. 10, Statistical Inference in Dynamic Economic

• — /Mordecai Ezekiel and Karl A. Fox. Methods of Correlation and 
Regression Analysis, Third Edition. John Wiley and Sons, Inc., New York, 
1961.

— /Henry Schultz. • The Theory and Measurement of Demand. University 
of Chicago Press, Chicago, 1938.

■ — /f o x . Econometric Analysis for PubIic Policy, p. 11. (Fox notes 
methods developed by Ragnar Frisch in "Correlation and Scatter in Statis
tical- Variables," Nordic Statistical Journal I (1928) 36-102,)

12/ibid., p. 12.
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M o d e l s / Its basic assumption, according to Marschak, is that "economic 

data are generated by systems of relations that are, in general, stochas

tic, dynamic and simultaneous."— /

Recent years have produced additional studies utilizing techniques 

discussed above and combinations and refinements of these techniques. Fox 

suggests that the choice of methods utilized should depend upon the "mech

anism by which the observed data were g e n e r a t e d  ̂ Use of a priori in

formation on the parameters and shifts of one or more of the relationships 

may be adequate to readily derive the other relationships by fitting one 

equation at a time. On the other hand, a system of equations may be speci

fied and some or all may be estimated by simultaneous techniques.

In a -general way, reference is made here to a number of other out

standing contributors to the body of knowledge that is termed statistical 

analysis of demand. The "identification problem," as it is now called, was 

clearly described in 1927 by Elmer Working.— / Foote— / has contributed to 

the literature and made more familiar the traditional methods and the sim

ultaneous techniques. It was under Foote's direction that more than 70

— /J. Marschak. Statistical Inference in Dynamic Economic Models, 
ed. by T. C. Koopmans. Cowles Commission Monograph No. 10, John Wiley and 
Sons, Inc., New York, pp. 1-50.

— /ibid., p . 3.

— /f o x . The Analysis of Demand for Farm Products, p. 14.

■i^/Elmer J. Working. "What Do Statistical Demand Curves Show?" 
Quarterly Journal of Economics. Vol. 41, No. 2, pp. 212-235.

— /pox. The Analysis of Demand for Farm Products. p. 19.
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publications relating to demand and price structures for particular major 

commodities and commodity groups were published. Fox—  ̂ found that least 

squares equations of agricultural products and feeds were practically iden

tical with those obtained from simultaneous methods. Wold specified a 

"recursive system," (i.e. the current value of each variable depends upon 

the previous values of other variables), which utilized least squares 

equations. He indicated the recursive systems are of a very "general 

scope" and in his opinion, "cover all of the models used in dynamic analy

sis except for the approach of structural systems."—  ̂ In 1953 Fox—  ̂

published the methodological approach used in his studies of the derivation 

of empirical demand functions for a number of food and farm products in the 

United States. This was followed in 1958 by an updating and expanding of 

earlier publications, including simultaneous estimating procedures.— /

Various tejcts have been written on econometrics, some of which will 

be referred to later in this work.

Sheep and Lamb Studies

Few studies have been undertaken specifically with regard to the 

sheep and lamb industry. In 1929 a demand study of the industry from.1907

— /Ibid., p. 12.

— /Herman Wold and Lars Jureen. . Demand Analysis--A Study in 
Econometrics. John Wiley and Sons, Inc., 1953, p. 53.

— /Fox. The Analysis of Demand for Farm Products, pp. 1-90.

■Î /f o x . • Econometric Analysis for Public Policy, pp. 1-288.
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to 1923 on a monthly basis was completed by Ezekiel.— / Utilizing multiple 

regression techniques, he examined the influence of seven variables on lamb 

prices. He found that the general price level and per capita production of 

lamb under federally inspected slaughter were the most important factors to 

be considered. Other variables in the analysis were prices of steers and 

veal, changes in business activity, hog prices, and per capita demand for 

lamb. He found no significant change in the per capita level of demand for 

lamb over the period as a whole.

Fox— / analyzed the demand for lamb from 1922 to 1941 at the farm 

and retail level utilizing single equation regression models. His work 

utilized first differences of logarithms and examined coefficients of flex

ibility of all meat animals. At the farm level, he determined that produc

tion, disposable income, and competing commodities' flexibilities were 

-1.50, 1.09, and -.70, respectively.

Retail price of leg of lamb was used by Breimyer in examining the 

demand at the retail level. Four time periods were selected and five inde

pendent variables were examined. The results are summarized in Table IV, 
page 19. Breimyer suggests that the big shift in the demand-supply rela

tionships was in the supply curve rather than the demand curve.

— /Mordecai Ezekiel. "A Statistical Examination of Factors Related 
to Lamb Prices." Journal of Political Economy, Vol. 35, No. 2 (April 1927) 
240.

— /pox. The Analysis of Demand for Farm Products, p. 46.



19

TABLE IV. NET REGRESSION COEFFICIENTS OF RETAIL PRICE OF LEG OF LAMB ON 
FIVE INDEPENDENT VARIABLES FOR SELECTED PERIODS1

Period

X2
Production of 
lamb and mutton 
per person

X3

Production of 
beef, veal and 
pork per person

X4

Deflated dis
posable income 
per person '

X5
Consumer
price
index

x6

Time^

1921-29 -0.35 -0.32 0.42 0.25 0.001
(.10) (.18) ((21) (.17) (.004)

1930-41 -0.56 -0.52 0.56 CMOr-H -.004
(.23) (.11) (.23) (.36) (.004)

1948-60 -0.26 -0.76 0.39 1.34 -.012
(.08) (.27) (.52) (.36) (.005)

1921-41; -0.56 -0.70 0.57 0.98 -.002
1948-60 (.12) (.13) (.13) (.12) (.001)

^All coefficients except those for Xg are coefficients of flexibil
ity. The coefficient for Xg cannot be interpreted directly. However, the 
values shown are the equivalent of declines of one percent per year in 
1921-41, three percent per year in 1948-60, and one-half of one percent 
per year for the entire period. Numbers in parentheses are standard 
errors„

^Regression on natural numbers.

Source: Harold F. Breimyer. Demand and Prices for Meat: Factors
Influencing Their Historical Development. Technical Bulletin No. 1253, 
U.S. Department of Agriculture, Washington, D.C., December 1961, p. 80.
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Many.groups of farm products were studied by Brandow—  ̂and direct 

price elasticities and cross elasticities were estimated for commodities at 

the farm and retail level. Lamb and mutton elasticities were calculated as 

listed in Table V. This study is a synthesis of several statistical analy

ses and resulted in his demand matrix listing the cross elasticities and 

direct elasticities for demand for a large number of farm products.

TABLE V. PRICE AND INCOME ELASTICITIES FOR LAMB AND MUTTON AT THE FARM 
AND RETAIL LEVEL

Price Elasticity Income Elasticity

Farm -1.7820

Retail -2.3500 .6500

Source: G. E. Brandow. Interrelations Among Demands for Farm
Products and Implications for Control of Market Supply. Bulletin No. 680, 
Agricultural Experiment Station, Pennsylvania State University, August 
1961, pp. 17, 59.

Using graphic analysis, Waugh—  ̂ showed a possible shift in the 

retail demand for lamb. He suggests that such a shift could be explained

— ^G. E. Brandow. Interrelations Among Demands for Farm Products 
) and Implications for Control of Market Supply. Bulletin No. 680, Agricul

tural Experiment Station, Pennsylvania State University, August 1961,
) pp. 17, 59, 64.

) — ^Waugh. ££_. Citi., p. 41.

). '

)
)
)
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in part by substantial changes in the marketing of competing meats and 

personal disposable income.

In 1965 Mount examined the present and future market for lamb at 

the farm level. Utilizing yearly data with ordinary least squares and 

simultaneous techniques, he estimated the price flexibilities as shown in 

Table VI.

TABLE VI. PRICE FLEXIBILITIES FOR IAMB AT THE FARM LEVEL ESTIMATED BY 
SINGLE EQUATIONS AND SIMULTANEOUS TECHNIQUES

Disposable
Number of lambs Substitute income per
slaughtered red meats capita

Single Equation -0.88 -1.11 0.20

Simultaneous Equation -1.22 -1.18 0.42

Source: Timothy D. Mount. "An Analysis of the Present and Future
Market for Lamb with Particular Reference to Oregon." Unpublished master's 
thesis, Oregon State University, 1965, pp. 85=90.

He determined that the farm price of lamb was influenced consider

ably by the production of other red meats and to a less certain extent by 

per capita income. He concluded that the price level of lamb could be 

maintained at the then present level only if the size of the breeding flock

decreased each year.
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Retail Marketing Studies

Some emphasis in recent years has been placed oh retail marketing 

of lamb. Two studies for the American Sheep Producers Council, Inc. 

reached the general conclusion that the availability of lamb must improve 

if the relative size of the sheep industry is to be maintained.— /, 25/ 

There are indications that promotional programs may result in expanded 

sales of lamb1 through stores participating in the programs.— /’ IZ/, 28/

A study of the economic effects of the U.S. grades on the lamb 

industry was made by Fienup— / in 1963. This analysis concluded that farm 

prices were affected primarily by changes in the supply of lamb and beef 

as well as other substitutes, especially poultry. Federal grades were 

found to have a positive effect on lamb marketing.

— ^American Sheep Producers Council, Inc. Lamb and the Consumer. 
A research project in cooperation with the U.S. Department of Agriculture, 
1964.

— /McKinsey and Company, Inc. . A Program for Improving Returns of 
Domestic Sheep Products.

— /y. Davis Grubbs et al_. Results of a Promotional Campaign for 
Lamb in Sacramento, California. Marketing Research Report No. 200, Agri
cultural Marketing Service, U.S. Department of Agriculture, 1957.

— /j, Scott Hunter ^t ah. Promotion of Lamb--Results of a Campaign 
in Cleveland, Ohio. Marketing Research Report No. 292, Agricultural 
Marketing Service, U.S, Department of Agriculture, 1957.

— /Peter L- Hendersen et ah; Promotional Programs for Lamb and 
Their Effects on Sales. Marketing Research Report No. 522, Economic 
Research Service, U.S. Department of Agriculture, 1958,

— /Darrell F. Fienup- e_t al., ' Economic Effect of U.S_. Grades for 
Lamb. Agricultural Economic Report No. 25, Economic Research Service,
U.S. Department of Agriculture, 1963.
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An econometric analysis on the world wool market was completed by 
30 /Witherell—  from which he determined that United States wool production 

is highly elastic to price. ' While wool is not considered as a part of 

this study, his use of simultaneous equation models in examining world 

wool demand is of interest.

Carpenter e_t al— / in a recent work found, that more study was 

called for in marketing lamb. They gathered ample evidence for a "study 

foundation to support, the justification for receiving a higher price for 

heavy weight lamb carcasses,.". and outlined areas for further research.

Other Livestock Studies

While in recent, years many studies utilizing econometric models 

have been made pertaining to the.beef sector of the livestock economy, no 

attempt to review them.is made here. However, note is made of three recent 

efforts to examine the beef livestock economy in terms of monthly or quar

terly analysis.

' A price forecasting model for beef prices was developed by

Uvacek.— / The variables used in his model were: (I) present levels of 

wholesale beef prices; (2) pork prices; (3) pork supplies; (4) disposable

— /william H. Witherell. "Dynamics of the International Wool 
N Market: An Econometric Analysis." Unpublished doctoral dissertation,

Princeton University, 1967.

 ̂ — /z. L. Carpenter e_t a I'. Influence of Carcass Weight Upon Carcass
 ̂ Composition and Retail Value of Lamb Carcasses. Unpublished report of re

search completed for the American Sheep Producers Council, 1968, pp. 10-12.

— /Edward Uvacek. "An Econometric Analysis and Forecasting Model 
) for Beef." Unpublished doctoral dissertation, Texas ASM University, 1967.

)

)

)
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income; (5) demand shifter; (6) index of wholesale prices; and (7) cattle 

slaughter. His monthly analysis indicated that superior equations were 

determined for May, July, August, and November price predictions.

Prato— / examined the monthly and seasonal demand and price for 

beef cattle utilizing, a simultaneous equation model. The statistical model 

contained a demand equation, a supply equation, a storage holding relation, 

and a market clearing equality that was estimated by two-stage least 

squares techniques. He determined that a one percent increase in the 

quantity of beef cattle slaughtered resulted in a greater than one percent 

decrease in the price of beef cattle and that increases in consumer income 

increase the demand and price of beef cattle. He found that differences in 

the monthly and seasonal demand for beef cattle were not statistically sig

nificant.

Another method of analyzing and forecasting, beef cattle prices was 

formulated by Hoffman.— / Utilizing stepwise linear single equation, re

gression techniques, prices were estimated for each month of the year from 

one to six months into the future. The study indicated relatively accurate 

one month predictions while six month predictions were found to be useful 

primarily for trend analyses or prediction of direction of price change.

22/Anthony A. Prato. "An Econometric Analysis of the Monthly ,Farm 
Level Demand for Beef Cattle." Unpublished master's thesis, Purdue 
University, 1965.

— /George H. Hoffman. ■ "A Short Run Price Forecasting, Mode], for 
Beef." Unpublished master's thesis, Colorado State University, 1968.
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A simultaneous equation model to examine the demand, supply, and 

price relationships for the beef sector was made by Langameier and 

Thompson^/ in 1967. Of particular interest is their method of partition

ing the supply and demand for beef into fed and non-fed components. Twelve 

relationships were formulated, seven of which involved simultaneity. It 

was determined that previous analysts have apparently underestimated the 

income elasticity of demand for fed beef, by focusing on all beef and over

looking the inferior income-demand relationship for non-fed beef.

)
) -------------------- -
N — /harry Langemeier and Russell G. Thompson. "Demand, Supply, and

Price Relationships for the Beef Sector, Post-World War II Period."
 ̂ Journal of Farm Economics, VoI. 49, No. I, Part I (February 1967) 169-183„

)
)

)



CHAPTER III

METHODOLOGY - THE THEORY OF DEMAND AND ECONOMIC MODELS

In econometric research, the role of a model serves the following 

functions:—/

a. The model provides for the statement and employment of all 

a priori information on the problem under consideration.

b . The use of the model renders explicit the assumptions upon 

which the investigation proceeds.

c. The formulated model serves to determine the statistical tech

nique which is most appropriate for testing hypotheses associated with the 

problem in order that no inherent contradictions occur in procedure and to 

provide estimates which have certain desirable properties.

d. After estimates have been obtained, the model allows for their 

interpretation without difficulty.

e. The model permits the acceptance, rejection, or reformulation 

of the original hypothesis.

Economic theory provides the logical framework of interrelated con

cepts and definitions which are used by the researcher to build a model to 

fit the conditions of the problem. A number of these concepts are consid

ered.

—^G. Cooper 
Research."

"The Role of Econometric Models in Econometric
Journal of Farm Economics, Vol. 30, No. I (1948) 115-116.
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Theory of Demand .

The demand for a commodity refers to an entire demand schedule or 

curve. This is defined as the various quantities of the particular good

which consumers will take off the market at. all possible alternative prices
2 /in a given unit of time, with all other factors unchanged.— In order to 

examine the demand function statistically, it is necessary to "seek the 

support of both theory and observation" in "the slippery field of statis

tical economics."—/

The statistical demand schedule can be specified by the following 

relation:— /

Q = f(P)
where

Q = the quantity of the commodity which consumers will take 
in a given unit of time;'

P = the price of the commodity taken in a given, unit of time; 

and the following demand parameters remain constant:

1) tastes and preferences of consumers
2) the number of consumers
3) incomes of consumers
4) the prices of related commodities
5) the range of commodities available to consumers.

A clear distinction is made between movements along a demand schedule and a

— /Richard H. Leftwich. The Price System and. Resource Allocation, 
Revised Edition. Holt, Rinehart and Winston, New York, 1961, p. 27.

— /Henry Schultz. The Theory and Measurement of Demand. University 
of Chicago Press, Chicago, 1938, p. 55.

— /Leftwich. cit. , p. 27.
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change in demand. A movement along the demand schedule refers to a change 

in the quantity taken which results from a change in the price of the good 

when all other parameters are held constant (this is usually called the 

ceteris paribus assumption). Such a change in quantity purchased does not 

constitute a change in demand. A change in demand takes place when the 

parameters of a given state of demand change, resulting in the shift of the 

entire demand schedule or curve.—/ A market demand schedule for a commod

ity is defined in a similar manner and is composed of the horizontal summa

tion of the individual consumer demand schedules for the commodity.

The so-called "law of demand" states that the quantity of a com

modity .purchased varies inversely with its price and leads to the usually 

negatively inclined slope of the demand curve.— / Other important relation

ships between changes in the demand parameters which may shift the demand 

schedule are discussed consecutively.

Since tastes and preferences are by nature quite subjective, their 

actual effect on the demand curve is difficult to determine. According to 

theory, if tastes and preferences dictate that consumers desire more of one 

product and less of another with other variables unchanged, the demand for 

the first should increase and the demand for the second should decrease. 

Unfortunately, no direct measure of tastes and preferences is available.

— /Geoffrey S . Shepherd. Agricultural Price Analysis, Fourth 
Edition. The Iowa State College Press, Ames, Iowa, 1957, pp. 99-101.

—^Schultz, op. cit., pp. 52-53.
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Population changes cause a shift in the demand schedule. An in

crease in population causes an increase in the quantity demanded of a 

commodity at the same price, if other factors remain unchanged. The result 

is a movement or shift to the right from the original demand schedule.

In a similar manner, an increase or decrease in income of consumers 

will cause a movement in the demand curve as purchasing power is changed, 

provided other things remain unchanged. The income elasticity of demand 

for the commodity will determine how much change takes place in the demand 

schedule as income changes, ceteris paribus.

Under the assumption of a negatively sloping demand curve for two 

substitutable commodities, an increase in the price of one causes the de

mand curve for the other to shift to the right, if other factors remain 

unchanged. The reverse is true when a decrease in the price of the first 

commodity takes place. When two complementary commodities are considered, 

an increase in the price of the first commodity results in a decrease 

(shift to the left) in the demand of the second. The result is a decrease 

in the consumption of both commodities.

When the range of commodities available to consumers is allowed to 

expand when other factors are held constant, the amount of a particular 

commodity purchased is decreased, causing a shift to the left of the demand 

curve. The reverse is true if the range of commodities available is de

creased, and a new demand schedule is determined to the right of the orig

inal curve.
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Derived Demand

Since this study is based on lamb and sheep demand and supply at 

the farm level, the theory of derived demand is relevant. Thompson has 

stated that the "demand for products at the farm end of the marketing sys

tem consists of consumer demand minus a schedule of. marketing charges."—/ 

Waugh— / outlines these marketing charges to be charges for transporting^ 

processing, storing, wholesaling, and retailing. Marshall states that the 

demand schedule "„ . . for any factor of production of a commodity can be 

derived from.that for the commodity by subtracting from the demand price 

of each separate amount of the commodity the sum of the supply prices for 

corresponding amounts of the other factors."— / This can be illustrated by 

considering the demand schedule for lamb in Figure 2, page 31, where D is 

the demand schedule for lamb at the retail level and d is the demand sched

ule for lamb at the farm level.

In Figure 2, any output Q is selected. The distance RF represents 

the costs of marketing, i.e. charges for transporting, processing, storing, 

wholesaling, and retailing. The subtraction (QP - RF) gives QR which lies 

on the derived demand curve for lamb. If OQ takes successive positions 

along OX, and RF is determined for successive amounts OQ5 and subtracted 

) ____________ _ _ _ _ _ _ _

) —/Fredrick L. Thompson. Agricultural Marketing. The McGraw Hill
Book Company, Inc., New York, 1951, p. 172.

— /Frederick V. Waugh. Demand and Price Analysis. Technical Bulle- 
) tin No. 1316, Economic Research Service, U.S.D.A., November 1964, p. 20.

) — /Alfred Marshall. Principles of Economics, 8th Edition.
Macmillan and Company, Limited, 1927, pp. 317-318.

)

)

)
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from QP, the derived demand schedule for lamb is determined.

Price Y

Quantity X

Figure 2. Derived Demand for Lamb

An alternative method of determining the derived demand for lamb 

is to estimate it directly at the farm level. Since more adequate data is 

available at the farm level, this more direct approach is utilized in this 

study. Since such a direct relationship exists between the two demands, 

derived demand concepts are useful in identifying factors which influence 

the demand and price of lamb and sheep. ,

Theory of Supply

Supply has been defined as the various quantities of a commodity 

which sellers will place on the market at all possible alternative prices 

in a specified period of time, other things remaining constant or equal. 

Similar characteristics apply to supply schedules as are defined for demand 

schedules, including the distinction between a movement along the supply 

schedule or curve and a shift in the supply schedule. Normally the supply 

curve will be designated as upward sloping and to the right, since a higher
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price would encourage sellers to place more of the commodity on the market, 

ceteris paribus, and may induce additional sellers to bring additional 

amounts of the commodity to the market as well.— / In a similar manner, 

this study is concerned primarily with supply at the farm level. Detailed 

consideration will be given to the demand and supply relationships in a 

later section.

Statistical Analysis of Demand

Four major steps have been indicated by Fox— / in any econometric 

investigation where economics and statistics are wedded to form what is 

termed statistical analysis. These are: I) specification of the system 

of relationships that is believed to have produced the observed data,

2) determination of whether these relationships can be identified for 

purposes of statistical analysis,. 3) the statistical analysis, and 

4) interpreting the results.

The first of these is of considerable importance. It involves 

economic theory and an intimate knowledge of the specific relationships 

that exist for the particular consideration. ■ Since most applications of 

statistics to economics involve non-experimental data, the specification 

must be selected that will, as much as is, possible, be consistent with the 

process by which data were obtained in the real world situation.

— /Leftwich. ojd. cit. , pp.. 30-31.

— /Karl A. Fox. The Analysis of Demand for Farm Products, Tech
nical Bulletin No. 1081, U.S. Department of Agriculture, Washington, D.G., 
1953, p. 8.
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The second, identification, is said to exist if the parameters or 

coefficients of the observed variables and the parameters of the distur

bance term can be uniquely determined from.the specification of the system 

of relationships and the conditional distribution of the dependent vari

ables / Unless a relationship is identified, expectations for obtaining 

point estimates of the parameters cannot be r e a l i z e d . F o x —  ̂points out 

that room exists for differences of opinion in the selection of at least 

some of the variables that belong in a system of relationships. However, 

economic theory should, be utilized to correctly specify the system and to 

improve the relationship until the true situation is represented. Then, 

if the actual situation as specified permits identification, statistical 

estimation can follow.

The third, statistical analysis, will be covered in Chapters V and 

VI and the fourth step, interpreting results, will be found in Chapter VII.

Single Equation vs. Simultaneous Models

Much research has been done in econometrics utilizing the single 

equation approach. For a discussion of the detailed rationale for the use 

and ramifications of the use of the single equation approach, reference is

— /Clifford Hildreth and F. G. Jarrett. A Statistical Study of 
Livestock Production and Marketing. Cowles Commission Monograph No. 15, 
John Wiley and Sons, Inc., New York, 1955, p. 67.

— /w.' C. Hood and T. C. Koopmans. Studies, in Economic Method. 
Cowles Commission Monograph No. 14, John Wiley and Sons, Inc., New York, 
1953, pp. 135-137.

— /pox. op. cit., p. 9.



34

made to other studies.22/ In brief, single equations may be used when 

direction of causation is unilateral. That is, one variable (the dependent 

variable) is unilaterally, determined by other variables (the independent 

variables). Fox— / indicates that if the purpose of an analysis is to 

estimate the expected price associated with given.values for independent 

variables, the best result could be obtained by single equation, ordinary 

least squares techniques. On the other hand, if the purpose is to examine 

the structure of the relationships, then the single equation approach may 

not be as appropriate as other methods.

When it is evident that the line of causation, in a relationship is 

not clearly unilateral, i.e. it is not clear whether variables are depen

dent or independent, then the use of simultaneous equations may be the more 

appropriate approach to the problem. In fact. Shepherd has stated that 

". , . if two variables are jointly determined, it is impossible to get 

even one curve--supply curve or demand curve-=out of a single equation."22/

However, it may not follow that one method or the other is defi

nitely clearly indicated. It may not be easy to show conclusively which

) — /Karl A. Fox. .Econometric Analysis for Public Policy. Iowa
State College Press, Ames, Iowa, 1958, pp. 24, 43. (Detailed discussion 

) of the single equation approach is given in this book. Further references
are indicated in Chapter II.) See also Richard J. Foote. "A Comparison 

) of Single and Simultaneous Equation. Techniques." .Journal of Farm
Economics, VoI. 37, No. 5 (December. 1955) 975-990,

)
— /pox. The Analysis, of Demand for Farm Products, p. 30.

)

■ 22./shepherd. op. cit., p. 144.

)
)

)
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method would be best to use in a particular situation. Fox^ has outlined 

five criterion or questions to ask in order to justify the use of the 

single equation approach. They are as follows:

1. Is supply of the given commodity affected by current prices?

2. Is consumption of a given commodity significantly affected 
by current price or by the demand for export or storage?

3. Is consumer income sufficiently affected by changes in 
price or consumption of the given commodity?

4. Is the supply of any competing commodity affected by the 
current price of the commodity?

5. Is more than one major domestic outlet available for the 
given commodity?

If an affirmative answer is given to any or all of these questions, 

then it may be necessary to fit a set of simultaneous equations. If nega

tive answers are given, then the statistical demand function fitted by 

ordinary least squares should approximate the true demand function.

Market Structure of the Sheep and Lamb Industry 

During the period covered by this study, changes have taken place 

in the market structure of the sheep and lamb industry. Of particular 

concern here are the changes which have taken place in marketing at the 

farm-level. Two changes are considered. The first is the change from 

terminal markets to auction markets. The second is the change in the 

grades of sheep and lamb instituted by the federal government March. I,

) 1960.

) _______________________________

) — ^Fox. The Analysis of Demand for Farm Products, pp. 11-12.

I
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The changes which have taken place in the livestock industry have 

had a relatively small effect on sheep and lamb marketing. Williams and 

Stout— / indicate that even when changes in the market structure have taken 

place, the producer still has little bargaining power in selling either at 

markets or on his farm, and relatively little success has been achieved in 

changing these conditions.

Conclusions of Fienup— / indicate that changes in grading were not 

responsible for a price decline of lamb during 1958-61. He concluded that 

lamb prices were primarily affected by changes in the supply of lamb, in

creases in production of other substitutes, and a recent steadily declining 

demand for lamb.

Annual Economic Model

In order to realize the first objective of this study which is to 

identify and quantify the factors affecting, sheep and lamb p r i c e s a  struc

tural analysis approach was taken, based on a model utilizing annual data. 

The periods selected for estimation were from 1930 to 1967, 1947 to. 1967, 

and 1955 to 1967.

Specification of the Model

The process, of determining the economic model involves specifying 

the relationships in the industry. Of primary concern is the explanation

— /willard F. Williams and Thomas T. Stout. • Economics of the 
Livestock-Meat Industry. The Macmillan Company, New York, 1964, p. 441.

— /Darrell F. Fienup _et al. Economic Effect of U.S_. Grades for 
Lamb. Agricultural Economic Report No. 25, Economic Research Service,, 
U.S.D.A., Washington, D.C., 1963, pp, 65-66.
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of sheep and lamb prices. For this reason, the price variable was selected 

as the dependent or endogenous variable in the demand relationships. The 

economic model used to express the demand, supply, and price structure of 

the sheep and lamb industry is illustrated in Figure 3 and Figure 4, pages 

38. and 39. The supply of and demand for lamb is partitioned into spring 

lamb and fed lamb.

While previous studies have centered on analyzing, the industry on 

an annual basis, this study has attempted to consider the industry from 

what is believed to be a somewhat more realistic standpoint. That is to 

say, that the industry is composed of spring lambs, fed lambs, and sheep 

that are designated as "mutton," which is meat from older than yearling 

animals, principally from ewes that have been culled from the breeding 

herd.

In general, the bulk of the U.S. annual lamb crop.is born from

December through May each year. Different climatological factors largely

determine that different areas of the country (principally the eleven

western and twelve north central states) will provide that a fairly evenly

balanced supply of slaughter lambs will be marketed throughout the year.
A

Lambing moves generally north to east as the season progresses, with.the
)

earliest, lambs dropped in the San Joaquin Valley of California, in .the
)

Salt and Gila River Valleys of Arizona, and in Texas. Some of the latest
).

spring lambs are dropped in May in the higher, cooler elevations of the
)

mountain states.
)

)

)

I
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indicate direction of influence)
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Spring lambs, often called milk fat lambs, generally make up the 

bulk of the slaughter supplies in the spring and summer months. They are 

generally marketed at about four or five months of age when they are 

weaned. Lambs that have not reached a desirable' finish or weight by wean

ing time usually are placed on feed, either in a feed lot or on pastures 

such as wheat or alfalfa or a combination of both.—  ̂ These animals, 

designated fed lambs, remain on feed from about two to five or more months 

and are marketed as fat lambs. Therefore, a breakdown of slaughter lamb 

marketing into spring and fed categories was selected for this study in an 

effort to gain more precision in analyzing the structure of the industry.

In order to examine the structure of the industry, a demand and 

supply equation was constructed for spring and fed lambs. In addition, 

a supply equation was constructed for imports of lamb and mutton and supply 

and demand equations were developed *for sheep. These relationships are ex

pressed by the following equations:

Y]_ = f (Y3 , Y5 , Yg, X^, Xg, X3 , X 12) Spring lamb demand relation

Yg = f (Y^ 3 Yg, Yg, X jl, Xgj Xg, X^g) Fed lamb demand relation

Yg = f (Y^5 Yg, X̂ ., Xg) Spring lamb supply relation 

Y^ = f(Yg, Yg, Ygs X4 , Xg, Xys X9) Fed lamb supply relation .

Yg = f(Ygs X^s Xgs Xgs X%Q, X-Qs X q ) Sheep demand relation

Yg = f(Yg, Xgs X10) Import relation

X18= X q  - X13 - X15 + X q  - X16 Sheep supply identity

— ZJohn T. Larsen. "Regional Lamb Production and Marketing." 
Livestock and Meat Situation. Economic Research Service, U.S.D.A.s 
Washington, D.C., October 1967, pp. 21-23.
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The variables are defined as follows:

is the weighted average farm price of spring lamb in time 
period t, deflated by the Bureau of Labor Statistics (BLS) 
index of wholesale prices for all commodities (1957-1959 = 
100);

Yg is the weighted average farm price of fed lamb in time period 
t, deflated by the BLS index of wholesale prices for all 
commodities (1957-1959 = 100);

Yg is the quantity of spring lamb slaughtered pet capita in time 
period t;

is the quantity of fed lamb slaughtered per capita in time 
period t;

Yg is the weighted average farm price of sheep in time period t;

Yg is the quantity of net imports of lamb and mutton per capita 
in time period t;

Xp is the weighted average price of choice slaughter steers3
Chicago, in time period t, deflated by the BLS index of whole
sale prices for all commodities (1957-1959 = 100);

Xg is the index of the weighted average farm prices of poultry 
(weighted combination of broilers and turkeys) in time period 
t, deflated by the BLS index of wholesale, prices for all com
modities (1957-1959 = 100);

Xg is the personal disposable income per capita in constant 
dollars in time period t;

X^ is the average farm price of wool per pound received by farm
ers, including government incentive payments, in time period 
t-1, deflated by the BLS index of wholesale prices for all 
commodities (1957-1959 = 100);

Xg is the average farm price of wool, excluding government in
centive payments, in time period t, deflated by the BLS index 
of wholesale prices for all commodities (1957=1959 = 100);

X5 is the number of stock sheep per capita on farms January I in 
time period t; -

Xy is the U.S.D.A. index of October range conditions in time 
period t-1;
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Xg is the ratio of the index of wage rates in the meat packing 

industry to the index of railroad freight rate for livestock 
(1957-1959 =100) in time period t;

Xg is the average price of number 3 yellow corn, Chicago, in time 
period t, deflated by the BLS index of wholesale prices for 
all commodities (1957-1959 = 100);

X-̂ q is the weighted average farm price of choice, lamb, Chicago, in 
time period t, deflated by the BLS index of wholesale prices 
for all commodities (1957-1959 = 100);

X^i is the quantity of sheep slaughtered per capita in time 
period t;

X^2 is the zero-one variable;

X-jj is the number of stock sheep on farms' January I in time 
period t+1;

X ^  is the number of lambs added to stock sheep in time period t;

X-^ is the number of sheep deaths in time period t;

X^g is the number of sheep slaughtered on farms in time period t;

Xjj.is the number of stock sheep on farms January I in time ■
period t;

X-̂ g is the quantity of sheep slaughtered in time period t; 

t is the time period.

- In the demand relationship for spring lamb, seven variables were 

considered as determining the farm price of spring lamb, It was hypothe- 

) sized that an inverse relationship existed between current price and cur-

) rent slaughter and net imports of lamb and mutton in accord with economic

) theory. A direct relationship was assumed to exist between current price

) of lamb and personal disposable income. Choice slaughter steers, poultry,

) and sheep were considered to be substitute commodities for lamb and mutton

) and, therefore, their prices were expected to have a positive relationship
!

)

)
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with spring lamb prices. Similar relationships were- assumed to exist in 

the demand relationship of fed lamb, utilizing the quantity of fed lamb 

slaughtered.

The supply relation of spring lamb was assumed to be jointly deter

mined with the price of spring lamb. While it may be argued that the sup

ply of spring lamb is "predetermined," i.e. the supply curve is completely 

inelastic, this argument is considered unrealistic. In fact, the supply of 

spring lambs may be considerably changed even on a short notice from at 

least two standpoints. First, a. decision can be made right to the time of 

sale whether to sell or hold over for fed lambs and, second, a decision can 

likewise be made at any time prior to sale whether to put ewe lambs into 

the breeding herd. Since lambs are the only animals that can be graded 

choice on grass, this selection does not constitute any serious problem.

The same reasoning applies to fed lambs, although the first choice in this 

case reduces to holding fed. lambs, to heavier weights. The second choice, 

that of holding the ewe lambs for breeding stock, can as easily be made.

The decision to return ewe lambs to the feed or slaughter does not involve 

such a. short time period as the reverse decision, but is essentially of 

the same type, particularly for fed lambs. For these reasons, a simulta

neous fitting of the two supply and two demand relationships was considered 

to be realistic.

A direct relationship between prices and the quantity of spring 

lamb was assumed in the spring supply equation as well as between the 

quantity of spring lamb and imports. Also, a direct association was hy

pothesized between the quantity of spring lamb and stock sheep on farms on
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January I. In the fed lamb supply relation, a direct relationship was 

assumed between the slaughter of fed lamb and the price of fed lamb and 

imports. An inverse relation was expected between the dependent variable 

and corn. All other variables ,were assumed to have a direct relationship.

In the demand relationship for sheep, six variables were consid

ered. An inverse relationship was assumed between price and quantity of 

sheep slaughtered. Since it is expected that the prices of mutton will 

fall as imports increase, an indirect relation was assumed between the two 

variables. In addition, since a high wool price would tend to place a 

greater premium on the demand for wool and thus give greater emphasis to 

holding sheep and lambs for wool, a direct relationship was assumed between 

price of sheep and wool. A positive effect was hypothesized between sheep 

prices and lamb, beef, and poultry prices because of a substitute effect 

of these commodities.

Imports were considered as jointly determined with sheep prices.

The quantity of imports is not apparently fixed; in fact, foreign coun

tries, especially Australia and New Zealand, stand ready to increase or 

decrease the quantity of mutton and lamb at any time. Quantity of imports 

was assumed to have a direct relationship with prices of sheep and prices 

of lamb and the ratio of the meat packing industry wage rate to the rail

road livestock freight rate.

The formulation or specification of the economic model requires 

the classification of variables into endogenous and exogenous categories. 

Freidman and Foote define "endogenous" variables as those "that are assumed
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to be determined simultaneously by common economic forces/"^/ "Exogenous" 

variables are those that are "unaffected by the common economic forces that 

are assumed to affect endogenous variables in a system of equations." When 

lagged endogenous variables are included in the analysis, the lagged vari

ables and the exogenous variables are designated as "predetermined" vari

ables.—  ̂ In the annual model, the endogenous variables are designated by 

Y£ and the predetermined variables by X^.

Since the value of lamb and mutton comprises a minor part of the 

livestock economy, it was assumed that supplies of competing red meat and 

poultry were not affected by production of lamb. Therefore, they were 

considered as exogenous variables. For similar reasons, consumer dispos

able income was considered.to be an exogenous variable. Fox—  ̂ indicates - 

that even pork, beef, and fluid milk have a small effect on aggregate con

sumer income. Lamb and mutton are much less important in terms of income. 

The price of wool per pound was assumed to be an exogenous variable since 

wool prices are largely dependent upon the world wool market and, as such, 

were not examined in detail by this study. The price of wool was lagged 

one year since complete prices of wool were not determined fully until the 

end of the year when government payments are determined. It was assumed 

that the impact of the wool price had its effect on the system the

— /Joan Freidman and Richard J. Foote. Computational Methods for 
Handling Systems of Simultaneous Equations. Agriculture Handbook No. 94, 
U.S. Department of Agriculture, Washington, D.C., 1955, p. 105.

21/Ibid., p. 107.

— /pox. Economic Analysis for Public Policy, p. 40.
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)
J

)
J

)
)
)
)
)
)

following year.

Quantity of fed lambs slaughtered in the previous year was a 

lagged value of an endogenous variable and, as such, would be a predeter

mined variable.

The index of October range conditions in the previous year and the 

ratio of the.index of wage rates in the meat packing industry to the index 

of railroad freight rates in the livestock industry and the price of corn 

in Chicago were considered to be dependent upon factors other than those 

variables included in the system. But these variables were thought to have 

an important effect upon endogenous variables' in the model. The index of 

October range conditions was considered to be an important variable affect

ing the decisions of operators relative to their feeding intentions. The 

index ratio was selected to reflect the. impact of labor costs in the meat 

packing industry.. Since transportation is an important factor in marketing 

lambs and sheep, the ratio of wages in the meat packing industry and the 

railroad freight rate was included to represent these factors.and at the 

same time reduce the number of variables in the equations.

The average price of number 3 yellow corn at Chicago was assumed 

to represent cost of feed grain fed to lambs on feed. This variable is 

considered an exogenous variable since the price of corn is determined 

largely by variables.outside the system.

The supply of sheep was considered to be determined by the identity 

listed on page 40, where all variables were considered to be predetermined.

)
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The purpose of this section is to transform the economic model into 

mathematical relationships which can be estimated by statistical techniques. 

Consideration is given to the problems of identification, estimation, tech

nique, data selection and aggregation, and statistical properties. Also, 

the complete statistical model is presented.

Identification

The requirement that two relationships be estimated between price 

and consumption for the same time period raises the question of how to 

identify one regression coefficient with the slope of the demand curve 

(or some other, curve} and another regression coefficient with the slope 

of the supply curve. That is, since economic data (time series) on quan

tity and price may reflect changes in demand and/or supply, it is not 

a priori evident whether an equation fitted to a scatter diagram of price
i

and quantity represents a. demand curve, a.supply curve, or some combination 

of both. Working—  ̂ recognized this problem. Fox— / discusses it further. 

Haavelmo— / generalized the identification problem in 1943. Tintner has 

established rules for identification as follows: "A necessary condition

for identification of a given equation.in a structural system is: the

— /Elmer J. Working. "What Do Statistical Demand Curves Show?" 
Quarterly Journal of Economics, Vol. 4.1, No. 2 (1927) 215-235.

— /Karl A. Fox. Intermediate' Economic Statistics. John Wiley and 
Sons, Inc., New York, 1968, pp. 375-382.

— /Trygve Haavelmo. "The Statistical Implications of a System of 
Simultaneous Equations." Econometrica,. Vol. 11 (1943) 1-12.

Annual Statistical Model -
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number of variables excluded from this equation must be at least G-l, 

i»e„ one less than the total number of structure equations (and also of 

endogenous variables) in the whole system. A necessary and sufficient 

condition is that we can form at. least one non-vanishing determinant of 

order G-I from the coefficients with which the variables excluded from our 

equation appear in the G-I other structural equations."13.1 By these cri-
I

teria, each equation in the system of equations is identified and, speci

fically, overidentified. When a model is overidentified, it is not 

possible to obtain unique estimates of structural parameters from the 

reduced form equations since no simple transformation can be made from the 

estimated parameters of the reduced form equations to the structural para

meters.— / Therefore, in the estimation of the coefficients for the annual 

model, the estimating procedure of two stage least squares was used since 

this technique allows for simultaneity and results in estimates that are 

consistent and which do not differ greatly from those obtained by other, 

more costly methods.— /

' Data Selection and Adjustment

 ̂ Data used in statistical estimation pertain to lamb and sheep mar-

 ̂ keting for the years 1930 through 1967. The war years (1942-46) were
)

) 28/Gerhard Tintner. Econometrics. John Wiley and Sons, Inc.,
■j New York, 1965, p. 157.

 ̂ — /j. Johnston. Econometric Methods. The McGraw Hill Book
Company, Inc., New York, 1963, pp. 239, 253.

— /j. G. Gragg. "On the Relative Small-Sample Properties of 
j Several Structural Equation Estimators." Econometrica, Vol. 35, No. I

(January 1967) 109.
)

)

)
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excluded from the study because of unrealistic price and supply consider

ations. 'Earlier years were not considered since data was inadequate or 

unavailable.

Fox— / has pointed out that considerable aggregation is necessary 

in a study of demand in order to reduce the number of variables to a man

ageable level. Mount— / has considered the aggregation problems associated 

with the lamb and sheep industry. These factors will be considered in 

detail in the following discussion of the specific data series chosen to 

represent the variables in the model which have not been clearly defined 

earlier.

= farm price of spring lamb in time period t.

Yg =' farm price of fed lamb in time period t.

In order to better isolate seasonal influences on prices„ the two 

periods representing in general the spring lambs and the fed lambs cate

gories were selected. Since no apparent regular cyclical pattern exists ■ 

in lamb production as is the case of beef and hog production, the use of 

monthly prices to obtain a price of each period was used to average out 

any cyclical.effect' that might have been included. Monthly slaughter lamb 

prices for Chicago were selected as representative of the industry. These 

prices were deflated using the U.S.D.A. index of wholesale prices to cor

rect for secular changes in the general price level. Each monthly deflated

— /pox. Econometric Analysis for Public Policy, p. 58.

— /Timothy D. Mount. "An Analysis of the Present and Future Market 
for Lamb With Particular Reference to Oregon." Unpublished master’s 
thesis, Oregon State University, 1965, pp, 31-45.
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price was weighted by the monthly federally inspected slaughter to calcu

late the yearly weighted, deflated price of spring and non-fed lambs.

Y3 = quantity of spring lamb slaughtered per capita in time 
period t.

= quantity of fed lamb slaughtered per capita in time 
period t.

Per capita slaughter of spring lamb for each period was determined 

by the following relationship:

<Lt - Lt+ 1 ^+1 - t̂ - t̂)

where

.= size of the lamb crop in. time period t;

^  = lambs on feed January I in time period t+1;

Iy i = lambs kept for stock (ewes, withers and rams) in time 
period t+1;

= lambs slaughtered on farms in time period t;

= lambs on feed January I in time period 't;

= average weight per spring lamb slaughtered in time period t; 

= population of the United States in time period t.

The weight per spring lamb was a weighted average of lambs slaugh

tered in the spring lamb period. This estimate was divided by population 

in the United States to obtain per capita slaughter.

Fed lamb was taken to be the January I number of lambs on feed for 

the time period t. It was assumed that all lambs on feed were slaughtered. 

The number of head was multiplied by the weight per head of fed lambs which
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in turn' was a weighted average weight of federally inspected lamb slaugh

tered in the fed lamb period„ This estimate was divided by population in 

the United States to give the slaughter of fed lamb per capita.

Y5 = farm price of sheep in time period t. This was the United 
States average live sheep price weighted by the quantities 
sold in each state.

Yg = quantity of net imports of lamb and mutton per capita in 
time period t. This series was determined by subtracting 
exports from imports of lamb and mutton, dividing by total 
population, and converting to index-numbers, since some 
years in.the series had a negative net import (or export).

Other variables have been discussed earlier and are self-explanatory 

from previous definitions. The adjusted observations of the variables 

appear in Appendix A.

The complete statistical model is now presented, including distur

bance terms.

(1) Y^ = •kl’̂1̂ 3"̂ 2^5"'r®3̂ 6"̂ l̂ "l"̂ 2'̂ 2'̂ '3̂ 3'*-̂'4'̂ "12"̂ l
(2 ) Yg = Ag+B/jY^+B^Y cj-l-Bg Yg+C^X-j+CgXg+CyX^-l-CgX2+Ug

(3 ) Y3 = A3+B7Y1+B8Yg-hCgX4+G1px 6+U3

(4 ) Y4 = A4+B9Y2+B1QY3+B11Yg-fCn X4+C12Xg+C13X7+C14X9+U4

(5 ) Y3 = A5+B12Yg+G15X1+C1gX2+G17X5+C18X1o+C19X11+C20X12+U5

(6 ) Yg = AgH-B13Y5 -̂C2 !X ^ C 22X1Qd-Ue

(7) X1S = X̂ ,- X13- X15+ X^- Xis
where the variables are defined as previously outlined and U is the distur

bance term. Equation 7 is an identity and as such does not include a dis

turbance term or. parameters to be estimated.
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For purposes of statistical estimation, the predetermined variables 

were assumed to have no correlation with the disturbance terms. The 

disturbance terms were assumed to be normally distributed with zero mean 

and constant variance. Where simultaneity is involved in a model, two 

stage least squares gives estimates that are asymptotically unbiased, 

asymptotically efficient and consistent.— ^

— /Arthur S. Goldberger. Econometric Theory. John Wiley and Sons; 
• Inc., New York, 1964, p. 358.

)



CHAPTER IV

METHODOLOGY - FORECASTING MODELS

The forecasting of the movement, of free prices "has always been 

considered a dangerous occupation./ Nevertheless, this chapter sets 

forth the economic, considerations and the statistical framework formulated 

for the forecasting of lamb prices at the farm level. Primary emphasis is 

focused on the prediction of prices at different periods of time in'the 

future, rather than on the structure of the industry in the past.

The Nature of Prediction Models

While the sheep and lamb industry occupies a position of de

creasing importance in the economy, it nevertheless is of vital importance 

to those who are members of the industry and, to a lesser degree, the 

total agricultural economy. Traditionally, the livestock producer has 

been subjected to fluctuations in price of the commodity he sells and, to 

a large degree, is at the mercy of these,fluctuations. If a lamb producer 

sells his lambs at a particular time, he is at the least hoping that the 

prices will be higher than at a later date and, at best, possesses some 

degree of knowledge that they will be higher than at some later date. In 

a similar but opposite manner, and perhaps with some greater degree of 

certainty, the buyer of his lambs hopes or knows that the price of lambs 

to the producer, is lower than at some future date. Whether producer or 

buyer is considered, each knows, assumes, or hopes that the relevant

—^Clifton B . Cox. and Patrick J. Luby. "Predicting Hog Prices." 
Journal of Farm Economics, Vol. 38, No. 4 (November 1956) 931.
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prices will be high enough when he sells to make a profit. Increased 

efficiencies in the sheep apd lamb industry could be experienced if those 

involved in buying and selling within the industry could know with greater 

certainty the prices of the commodities at some specified future trans

action date. These efficiencies could reach,the consumer in terms of 

reduced prices of the product.

It is the object of this section to introduce models which will 

be used to meet the second objective of this study. This objective is to 

determine possible future trends of lamb and sheep prices for predictive 

purposes in the short run.

If information about intra-seasonal demand and prices of lamb and 

sheep could be obtained, both producers and processing and marketing firms 

would be advantaged in the reduction of risk and uncertainty that would 

result. This in turn would increase the pricing and operational efficien

cy of the marketing system.

Since the objective of this section is concerned with price fore

casting, emphasis is placed on models that will do this. Fox has stated 

that "If the investigator does not require estimates of the structural 

coefficients but is content to obtain forecasts of the endogenous vari

ables on the basis of given values of the predetermined variables, a 

least squares estimating equation using a specified endogenous variable 

in the dependent position is indicated."—/ If.the assumption is made that

-/Rarl A. Fox. Econometric Analysis for Public Policy. The Iowa 
State University Press, Ames, Iowa, 1958, p. 30.
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the structural relationships between the variables continue without change, 

such an equation gives the best linear unbiased estimate of the dependent 

variable when the values of all predetermined variables are specified. In 

the models to follow this assumption is made and the single equation rela

tionships are utilized. The method of estimation of the statistical rela

tionships is that of single equation, ordinary least squares regression 

analysis. This technique produces minimum variance (best), unbiased esti

mates of the coefficients in the relationship provided the error terms and 

the independent variables meet certain rather rigid specifications. These 

specifications include an error term which follows some probability distri

bution with mean equal to zero and with finite variance. Also, the error 

terms must be independent of the exogenous variables, and they must be 

serially independent/

The Economic Model's

Since interest in this analysis is focused on price prediction at 

the farm level for the short run, the" price of lamb was selected as the 

dependent or endogenous variable.

While many factors are known to affect the prices of lamb in the 

short run, the following general economic model was selected to represent 

the short run demand condition:

Y1 = f(X1, X2, X3, ---- X10)

with the variables defined as follows:

' -ZRichard J. Foote. "A Comparison of Equation Techniques." 
Journal of Farm Economics, Vol. 37, No. 5 (December 1955) 981.
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is the price of lamb;

is the supply of lambs slaughtered;

Xg the range conditions at the time lambs are placed on feed;

Xg is the lamb slaughter in previous periods;

X^ is the lamb crop and the number of breeding ewes one year or 
older on farms;

Xg is the quantity of beef slaughter;

Xg is the imports of lamb and mutton;

Xy is the prices of feed grains;

Xg is the farm price of wool;

Xq is the storage of lamb stocks;

X-̂ q is personal income.

Since each of these variables may be more . (or less) important in 

one time period than another, specific variables were selected, based on 

a priori knowledge of the industry, as most representative for the partic

ular time period. This rationale was applied to each of the periods of 

estimation.

Three estimating periods were considered to be of particular inter

est in this study. They were: I) a one month estimating relation; 2) a 

quarterly or three month relation; and 3) a six month or semi-annual 

relation— that is, prices are predicted one month in advance, three months 

in advance, and six months in advance.

In accord with the theory of demand presented earlier, an inverse 

relationship was assumed between price of lamb and slaughter of lamb. It 

was expected that range conditions during the feeding period would exert
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a negative influence on prices of lamb. As range conditions improve, more 

■ lambs are placed on range. Furthermore, as expectations of range condi

tions improve, the tendency exists to put more lambs on feed, which in turn 

exerts pressure on prices as more lambs are conditioned for market. Also, 

as favorable feed grain prices are anticipated, the same tendency exists. 

Lamb slaughter in earlier periods was hypothesized to exert a positive in

fluence in that as more lambs are slaughtered in the earlier period, less 

are available for slaughter later and upward pressure is placed on prices.

The lamb crop was assumed to be highly inversely related with lamb 

prices, since the number of lambs slaughtered is largely dependent upon 

number of lambs born. As the only substitute selected in the short term 

model, quantity of all beef slaughtered was expected to be inversely re

lated to lamb prices. Despite the fact that imports consist largely of 

mutton, a negative relationship was assumed. Income and population were 

expected to have a positive effect on lamb prices in accord with economic 

theory. It was anticipated that farmers react to higher wool prices by 

withholding lambs from the market; therefore wool prices were expected to 

be positively associated with lamb prices. Also, it was hypothesized that 

volume of lamb storage stocks influenced the price packers were willing to 

pay; i.e. large stocks indicate a large inventory and a decline in prices 

packers are willing to pay results. Thus, an inverse relation was assumed.

The Statistical Model

The three models took the following general forms:

Ylt = A1 + 5IxIt-I + B2X2t-l + “  ̂ “ + BnXnt„1 + U1
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Y lt = A 2 +  B lx lt-3 + B 2X 2t-3 +  - - - + BnX nt~3 + %2
k5 i—1 rt CO<1Il

B l % l t - 6 + B 2x 2t-6 +  - - - + BnX nt~6 + u 3 X

where t is the month to he estimated, t-1 are the data observations one 

month previous, t-3 are observations three months previous, and t-6 are

the observations six months previous used in the estimations. The vari

ables are defined as follows:—^

is the average farm price of choice slaughter lambs, Chicago, 
time period t;

is the number of lambs on feed January I, yearly;,

Xg is the U.S.D.A. index of western range conditions;

X3 is the pounds of live weight lamb slaughter under federal 
inspection;

X^ is the average price of number 3 yellow corn, Chicago;

X^a is the number of breeding ewes one year or older on farms 
January I, yearly;

X5b is. the number of lambs in the lamb crop, yearly;

Xg is the pounds' of live weight all commercial beef slaughter;

Xy is the pounds of lamb meat imports;

Xg is the total personal income at an annual rate each month;

Xg is the average farm price of wool per pound excluding govern
ment incentive payments;

X^q is the pounds of frozen lamb meat in storage;

U is the error term.

4/—  References for data used in these forecasting models are listed 
in Appendix D.

I
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All variables except those indicated otherwise are monthly values 

relative to the time period to be estimated.

In a study of the beef economy, Hoffman—  ̂has listed several impor

tant factors by which significant equations might be selected for use in a 

forecasting model. They are as follows:

1) small standard error of regression coefficients or a corre
spondingly high F value which tests for the B value signifi
cantly different from zero;

2) relatively small standard error of estimate (Sy);

3) high multiple correlation coefficient;

4) significant F ratio in the analysis of variance for a test of 
B 's equal to zero;

5) a comparison of predicted price and actual price (residuals) 
in each equation;

6) degree of correlation between independent variables as shown 
in the correlation matrix--small correlation between indepen
dent variables is desirable;

7) degrees of freedom-~loss of degrees of freedom by the addition 
of several independent variables must be kept at a minimum. 
This is of particular importance with equations with a limited 
number of observations.

In the ordinary least squares method of estimation, regression

coefficients- are estimated utilizing original -data which includes the 

criterion that the error sum of squares or the sum. of the squares of the 

deviation.be a minimum.—  ̂. This sum indicates the variance of the dependent

^George H. Hoffman. "A Short Run Price Forecasting Model for 
) Beef." Unpublished master's thesis, Colorado State University, 1968,.'

p. 20.

Robert G.D. Steel and James H. Torrie, Principles and Procedures 
) of_ Statistics. ■ The McGraw Hill Book Company, Ihc., New York, 1960, p. 163.

)

)

)



60

variable remaining after the effect of the independent variables have been 

taken into account.

In each prediction period, one equation is needed for each calendar 

month. That is, it is evident that different factors may be more important 

in determining-what prices will be in any given month. For example, feed 

conditions and prices would seem to be much less influential on prices of 

lamb in April and May than, in December and January. Furthermore, different 

factors may be involved in predicting a given monthly price one month in 

advance relative to predicting prices three or six months in advance.

Since twelve estimating equations will be determined for each fore

casting period, thirty-six equations will be determined. In addition, 

different methods of arranging and weighting data are utilized.

Data Arrangements

Three general methods of data arrangement for the forecasting 

models were selected. They were: I) single monthly observations for each

year for a total of 14 actual observations; 2) two monthly observations 

each year; and 3) three monthly observations for each year. In the selec

tion of the two and three monthly observations for each year, the two and 

three monthly respective observations were averaged in two ways. The first 

was a simple average of the two and three monthly observations to give a 

simple average value for 14 observations--one for each year. The second 

was a weighted, average where, in the two month, average, the monthly obser

vation closer to the forecasted price was given the highest weight equal 

to 5. The second- observation was' assigned the weight of 2, thus giving
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the near month the most.influence on the predicted price. Similarly, in 

the three month average, the monthly observation closest to the predicted 

price was assigned a weight of 5, the second monthly observation a weight 

of 3, and the third monthly observation a weight of I. This weighting 

procedure was designed to place the greatest emphasis on the near months, 

and at the same time consider the more distant months in the prediction.

In each equation a lagged period is involved. For example, if the 

June price of lambs is to be determined on the one month prediction basis, 

all variables are lagged at least one month. The number of months lagged 

will be determined by the availability of data. Some of the data for the 

selected variables is not available one month in advance, so the latest 

published data must be utilized, in some cases two months previously.

For the one month prediction equation, the price of the month pre

dicted, the endogenous variable, is designated t. The exogenous variables 

are designated as t-1 or t-2 , depending upon when the data is made gener

ally available. In a similar manner, the price of the three month pre

diction is designated as t and the exogenous variables as t-4 or t-5. The 

same rationale applies to the six month prediction equation where the price 

variable to be estimated is t and the exogenous variables are t-7 and t-8, 

respectiveIy.

In order to clarify the equations for the particular month and time 

period, the following designations were used:

Jan-^a is the estimation of January price one month in advance;

Jan-^j is the estimation of January price one month in advance using 
simple average of two monthly observations;

I
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Jan-^c is the estimation of January price one month, in advance using 

weighted average of two monthly'observations;

Jan^j is the estimation of January price one month-in advance using 
simple average of three monthly observations;

Jan-^e is the estimation of January price one month in advance using 
weighted average of three monthly observations.

Similarly, the three month prediction equations and the six month 

prediction equations were indicated as follows: i

Jan^a is the estimation of January price three months in advance;

Jang-J3 -*-s the estimation of January price three months in advance
using simple average of two monthly observations;

Jangc is the estimation of January price three months in advance 
using weighted average of two monthly observations;

Jangj is the estimation of January price three months in advance 
using simple average of three monthly observations;

Jange is the estimation of January price three months in advance 
using weighted average of three monthly observations;

Janga is the estimation of January price six months in advance;

Jangg is the estimation of January price six months in advance
using simple average of two monthly observations;

Jangc is the estimation of January price six months in advance 
using weighted average of two monthly observations;

Jangj is the estimation of January price six months in advance 
using simple average of three monthly observations;

Jange is the estimation of January price six months in advance 
using weighted average of three monthly observations.

Therefore, for each month, each time period, and each method of 

handling the observations, .i.e. single monthly observations, simple average 

of two monthly observations, simple average of three monthly observations, 

weighted average of two monthly observations, and weighted average of three
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monthly observations, the equations will be estimated.

In order to obtain the data for the equations, the following tech

nique was adopted. The equation Feb^a utilizes prices of choice lamb at 

the Chicago market as the endogenous variable. All other variables are 

lagged one or two months (depending upon how readily the information is ■ 

available). If is the first variable and was lagged two months, the

observation is the value of the variable for the previous month of Decem

ber .

In equation Febge the endogenous variable is the same as equation 

Feb^a but the Xg exogenous variable is the weighted average of the obser

vations from the previous months of July, August, and September. That is, 

a three month lag from February, plus a two month lag until data is pub

lished (in this case) gives the weighted average of the observations from 

the previous three months which are July, August, and September. Similar 

reasoning applies to all equations according to the designation assigned 

to each of them.

One serious problem arises in utilizing as few as 14 observations.

Because of relatively few observations, the calculated value of the coef =■
2ficient of determination (R ) overstates the proportion of variation in 

the dependent variable that is associated with the exogenous variable(s).Z/ 

In addition, the standard error of the estimate is biased and tends to 

underestimate the true variance.

—/Mordecai Ezekiel and Karl A, Fox. Methods of Correlation and 
Regression Analysis, Third Edition. John Wiley and Sons, Inc., New York, 
1961, p. 300.
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Another important problem is' that the structure of the sheep and 

lamb industry has been changing somewhat since 2,955. Such a change could 

indicate that different factors may be more influential in determining 

prices in the later years than earlier years.— / However, the assumption 

has been made that little change has been made in the industry at the farm 

level.

— /Hoffman, op. cit., p. 34.



CHAPTER V

STATISTICAL ANALYSES OF ANNUAL MODEL

This chapter presents the estimated equations of the statistical 

model. The various statistical criteria are discussed and utilized to 

evaluate the results.

Statistical Criteria

In order to obtain unbaised estimates of the parameters in a 

single equation model, the assumption must be made that the relationship 

between the endogenous variable and exogenous variables is unilateral. 

Howeverj, if the direction of causation is bilateral for any of the "inde

pendent" variables, the use of ordinary least squares is not appropriate, 

since the assumption of independence of the error term from the explana

tory variables has been violated.—/

The use of two stage least squares estimating techniques in this 

study was based on arguments by Gragg.—/ In his experiments with differ

ent estimation methods, he concluded that there were small differences 

among the different estimating procedures, but that in general full infor

mation maximum likelihood methods were somewhat better, although large 

disturbances and multicoIlinearity could change this conclusion. Relative 

performances were sensitive to the data and structure of the model

-/Rarl A. Fox. Intermediate Economic Statistics. John Wiley and 
Sons, Inc., New York, 1968, p. 390.

—/j. L. Gragg. "On the Relative Small-Sample Properties of Sever
al Structural Equation Estimators." Econometrics, Vol. 35, No. I (January 
1967) 109.
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considered. Therefore, he concluded that two stage least squares may well 

be the best estimator when cost and ease of use are considered.

Since two stage least squares techniques were used to estimate the 

parameters of the equations, conventional statistical test application 

must be utilized and interpreted with caution. The basic concept involved 

in this technique is to form a reduced form equation of each endogenous 

variable against all exogenous variables in the system. The estimate of

each endogenous variable obtained from the first stage calculated by or

dinary least squares is then utilized to replace, in each equation, the 

endogenous variable(s). in that equation which are treated as exogenous 

variables. The resulting equations, which then have the explanatory endo

genous variables "purged" of the stochastic component associated with the 

disturbance term,, are estimated by ordinary least squares techniques in 

the second stage.—  ̂ Because of the use of the estimated values of these 

endogenous variables, an equation estimated by two stage least squares 

techniques may yield a higher value for the coefficient of determination 

(R^) than by ordinary least squares techniques. Similarly, the t test may 

be invalid for testing for significance of simultaneous equation estimates.

However, more suitable statistical criteria have not been devel- . 

oped for evaluating the results of a simultaneous equation model. There

fore, the t test and coefficient of determination will be presented in the 

conventional manner, but should be interpreted with caution. The Durbin-

— /j. Johnston. Econometric Methods. McGraw-Hill Book Company, 
Inc., New York, 1963, pp; 236, 237, 258, 259,

)
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Watson statistic was used to examine the equations for serial correlation 

in the unexplained residuals and similar reasoning applies to the use of 

this statistic in simultaneous equation models.—  ̂ The equations in the 

model were evaluated for the following characteristics^

1) expected signs and relative magnitudes of the regression 
coefficients based on economic theory and a priori knowledge 
of the lamb and sheep industry;

2) statistical significance of the estimated coefficients;

3) presence of serial correlation in the unexplained residuals;

4) prediction accuracy of the estimated equations.

Serial correlation is present when the unexplained residual in 

time period t is linearly related to the unexplained residual in time 

period t-1, i.e. the covariance (Ut-Ut_ is greater than or less than 

zero. Johnston—/ lists reasons serial correlation or autocorrelation may 

occur and consequences when it is present. The reasons for occurrence 

are:

1) incorrect specification of the form of the relationship 
between the variables; .

2) omission of explanatory variables which are important in 
the specified relation;

3) measurement error in the dependent variable.

— /Clifford Hildreth and F. G. Jarrett. A Statistical Study of 
Livestock Production and Marketing. Cowles Commission Monograph No. 15$ 
John Wiley and Sons, Inc., 1955, p. 78.

— /joan Freidman.and Richard J. Foote. Computational Methods for 
Handling Systems of Simultaneous Equations. Agriculture Handbook No. 94, 
U.S. Department of Agriculture, Washington, D.C., 1962, p. 76.

—/johnston. oj3. cit. , pp. 177-179.



68
Consequences of the existence of autocorrelation when least 

squares formulas are applied are unbiased estimates of the regression 

coefficients but the sampling variances of the estimates may be under

estimated, the t and F tests are less powerful, and large sampling vari

ances of predicted values will result in inefficient predictions„

Evaluation of Simultaneous Relationships 

The structural equations included in the model are categorized by 

time period and will include estimates made of actual variate as well as 

logarithmic models. Values of the standard error of estimate, F statis

tic, coefficient of determination, and the Durbin-Watson statistic are 

included.

Time Period 1930-1968 Actual Variate Model

This section presents the results of each relationship in the 

annual model.

Spring Lamb Demand. In the 1930-1968 equation for spring lamb demand, a 

weak positive relationship was indicated between prices of spring lamb and 

quantity slaughtered, contrary to expectations,, although the coefficient 

was not significant (Table VII, pages 69-71). A weak positive effect was 

found to exist between net imports of lamb and mutton and spring lamb 

prices. Prices of fed steer beef were determined to be negatively related 

and significant in the spring price relationship. Both the index of poul

try prices and the disposable income exhibited a normal direct relation

ship with spring lamb prices. The zero-one variable (X12) was significant 

and negative indicating, a significant decline in spring lamb demand.



TABLE VII. RESULTS OF ANNUAL MODEL - ACTUAL VARIATE, 1930-1968, 1947-1968, 1955-1968*

Eq., Period
Dep. 
Var. Const.

Independent Variables and Coefficients

SE F R2 DWY3 Y5 y6 X i X2 x3 X 12

I 1930-68 Y1 10.97 .374 2.164% .014 -.509% .016% .003% -7.358% 1.060 71.00 .950 1.80c
(1.260) (.400) (.069) (.226) (.014) (.002) (2.812)

I 1947-68 Y1 -3.686 1.602 1.112% -.152% .334% .oil .012% 1.130 50.8 .953 2.129cI (3.376) (.436) (.051) (.263) (.016) (.006)
I 1955-68 Y1 14.193 -2.607 -.256 -.147% .628% .027 .008% 1.234 6.027 .838 2.697°

(3.492)(1.379) (.067) (.411) (.035) (.006)

Y4 Y5 Y6 X 1 . X2 X3 X 12

2 1930-68 Y2 -5.25 -1.410 . 2.679% .219% -.816% .059% .0002 -9.161% 2.244 16.45 .816 2.205°
(1.890) (.782) (.146) (.487) (.030) (.004) (5.317)

2 1947-68 Y2 7.098 -2.154 1.520% .011 -.391 .068% .005% 2.240 13.845 .847 2.457°
(2.977) (.66) (.095) (.483) (.037) (.005)

2 1955-68 Y2 -3.084 1.432 2.704 -.040 -.321 -.006 .009 2.100 2.619 „692 2.463°
(9.887)(2.76) (.101) (.728) (.053) (.013)

aFigures in parentheses are the standard errors of the estimates. 

^Significant at the .05 level.

cIndicates no serial correlation with Durbin-Watson statistic.



TABLE VII. (continued)

Independent Variables and Coefficients

Eq. Period
Dep. 
Var. Const. Y 1 y6 %4 %6 SE F R2 DW

3 1930-68 Y3 4.298 -.084b 
(.017)

-.006b
(.006)

-.318 7.188b
(.417) (.940)

.244 141.51 .951 2.373c

3 1947-68 Y3 5.419 -.091b
(.010)

-.Ollb
(.044)

-.388b 4.731b
(.362)(1.688)

.148 26.507 .862 I . 99c

3 1955-68 Y3 2.075 -.05Ib 
(.026)

-.004 .870 10.509b
(.004)(1.755)(2.730)

.122 25.716 .920 2.061c

Y2 ' Y3 Y6 ^ %6 X7 X9

4 1930-68 y4 1.575 -.047b 
(.033)

-.208
(.499)

-.012b .279
(.007) (.497)

8.309b
(4.289)

. 024b 
(.012)

. 266b 
(.147)

.257 53.101 .935 . 816e

4 1947-68 Y4 2.029 -.056b
(.019)

-.188
(.239)

-.004b -1.020b 
(.004) (.442)

14.162b 
(2 .110)

.005
(.008)

.376b
(.116)

.118 51.269 .962 2 .020°

4 1955-68 y4 .159 . 026b
(.021)

-.039
(.206)

.002 -1.409b
(.002) (1.207)

18.014b
(3.113)

-.003
(.006)

-.041
(.308)

.066 58.830 .986 2.943°

^Indicates inconclusive Durbin-Watson test. 

eIndicates serial correlation present.



TABLE VII. (continued)

Independent Variables and Coefficients

Dep.
Eq. Period Var.

5 1930-68 Y5

5 1947-68 Y5

5 1955-68 Y5

Const. y6 xI X 2 x5 x Io x Il x 12 SE F R2 DW

-2.669 -.Q40b . 290b -.002 2. 932b . 275b -.143 3.424b .560 94.83 .962 1.656d
(.024) (.063) (.008) (1.297) (.069) (.202) (.600)

-5.934 -.030b . 300b -.Ollb 5.072b . 328b .413 .501 125.567 .980 2.065c
(.022) (.073) (.010 (1.320) (.068) (.424)

1.547 -.012 . 121b .0004 -.287 .16 Ib -.150 .289 4.483 .793 2.520°
(.013) (.076) (.008) (1.693) (.064) (.448)

■ ' j
M

Y5 %8 XlO
6 . 1930-68 y6 90.306 5.013b 79.267b -4.422b 7.934 31.536 .759 1.031

(2.323) (15.452) (1.397)

6 1947-68 Y6 74.311 9.532b 111.331b -6.845b 7.761 25.328 .808 1.682
(2.770) (16.245) (1.838)

6 1955-68 Y6 19.468 24.68Ob 140.845b -10;393b 7.973 11.974 .782 2.093(12.001) (26.639) (3.215)
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Fed Lamb Demand. A normal inverse relationship was indicated between fed 

lamb prices and slaughter of fed lamb. However, the coefficient was not 

significant which again suggests the relative lack of importance of quan

tity fed lamb slaughtered in price determination. Prices of sheep, im-? 

ports, and the index of farm poultry prices were significant and indicated 

a positive relationship. The positive significant import coefficient im

plies that the early years of the period especially were not adversely 

affected by imports. Fed steer beef prices were significant and negative 

indicating a strong complementary relationship between beef and fed lamb 

during this period. A significant positive relationship existed between 

poultry farm :price index and signified a competitive,relationship between 

poultry and fed lamb, which was consistent with expectations. While the 

coefficient of disposable income was not significant, the positive rela

tionship was consistent with theory that lamb is a normal good. The zero- 

one variable was likewise significant indicating a shift in demand for fed 

lamb during the period.

Supply of Spring Lamb. Relationships in the supply equations were some

what more consistent than in the demand equations. In the spring lamb 

supply equation, there was an abnormal negative relationship, with a co

efficient that was highly significant, between spring lamb supply and 

price. Imports of lamb and mutton showed a weak inverse relationship 

contrary to a priori expectations, The price of wool with government 

incentive payments had a weak inverse relationship suggesting that ranch

ers have a tendency to withhold spring lambs from the market when wool 

prices of the previous year have been favorable and sell when prices have
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been not go favorable. Stock sheep numbers were highly positively related 

to spring lamb slaughter as expected.

Supply of Fed Lamb. While the relationship between fed lamb supply and 

the price of fed lamb was also abnormal and significant, the slaughter of 

spring lamb in the previous period was not significant, although an in

verse relationship existed in accord with expectations. An inverse and 

significant relationship was found between fed slaughter and imports of 

lamb and mutton. It is not clear why the relationship between price of 

wool in the previous year and fed prices should be positive, even though 

it was not significant. In accordance with expectations, stock sheep num

bers and range index indicated a positive, significant relationship. The 

corn price variable was significant and positive and counter to expecta

tions.

Sheep Demand. As expected, an increase in imports had a significant de

pressing impact on sheep prices. A strong positive relationship was indi

cated between sheep prices and the price of fat slaughter cattle which 

signifies that mutton.is a substitute for beef. • The poultry price index 

had small and negative effect on sheep prices, contrary to expectations. 

The market price of wool and the average price of lamb were both signifi

cant and positive in their relationship with the price of sheep. The 

number of stock sheep appeared to have little negative impact on the sheep 

price. The zero-one variable was likewise highly significant indicating 

a shift in the demand for sheep during the period.

Imports of Lamb and Mutton. There were strong positive relationships 

between the price of sheep and the ratio of the indexes of the wage rate
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in the meat packing industry and the railroad freight rate for livestock. 

The strong inverse relationship between imports and prices of lamb was in

consistent with expectations. Since imports are comprised mostly of mut

ton, it was expected to be more sensitive to the sheep prices. The wage 

rates of the meat packing industry as well as the freight rates would 

likewise have an important impact on decisions made by importers.

Time Period 1947-1968 Actual Variate Model

In this section, only changes are noted between the 1930-1968 and 

1947-1968 time periods for each relationship in the simultaneous model. 

Spring Lamb Demand. Spring lamb relationships were essentially the same 

as the 1930-1968 model except for two variables (Table VII5 pages 69-71). 

These were imports of lamb and mutton and the price of fed steer beef. 

Imports in this equation indicated a significant negative relationship, in 

accord with expectations, since in later years lamb has played an increas

ingly important role in the total amounts of imports. The change in the 

sign of the coefficient of fed slaughter beef indicates a strong possibil

ity of a change in the relative situations of lamb and beef from one of 

) complementary to that of a competitive condition. Poultry was found to

) have a weaker relationship in this equation than in the earlier period.

) Fed Lamb Demand. In this equation, the results were essentially the same

) as for the same equation in the earlier time period, except a somewhat

) weaker relationship was noted in the coefficients of imports of lamb and

1 mutton as well as the price of fed slaughter beef. It appears that the

* influence of these two variables on fed lamb prices had declined relative

1 to that of spring lamb prices. The influence of income was stronger for
I
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this period, with greater evidence of a stronger normal commodity rela

tionship.

Supply of Spring Lamb. The supply relationships for this period indicate 

the same relationships as the previous period, except that the price of 

sheep and imports showed a stronger, significant relationship in this 

equation. This appears consistent with anticipated results since, par

ticularly in recent years, imports of lamb and mutton have been increas

ing.

Supply of Fed Lamb. The price of wool, including government incentive 

payments, proved to be the variable that changed most during this period 

as compared to the previous period.: Wool prices during this period were

significantly stronger in their inverse influence on fed lamb slaughter. 

The range index variable declined in importance which is perhaps indica

tive of the limited use of range in lamb feeding operations. '

Sheep Demand. Little change took place in this equation except in slaugh

ter sheep which changed sign but was of little importance. While, the 

change in sign of the stock sheep variable occurred, the coefficients were 

small and the change could have been due to random error.

Imports of Lamb and Mutton. No change was indicated in this equation from 

the 1930-1968 equation. All three variables were highly significant.

Time Period 1955-1968 Actual Variate Model

This section considers the changes that occurred in each equation 

in the model in the latest and shortest period.

Spring Lamb Demand. The variables, slaughter of spring lamb and price of

sheep, changed signs but both were insignificant in this equation. This
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relationship indicates that the importance of sheep prices is changing in 

its effect upon the spring lamb prices. This suggests that mutton may no 

longer be considered as a competitor of lamb, as little mutton is consumed 

except for processed foods. It is added evidence that the expected normal 

price-quantity relationship is more evident in this later period for spring 

lamb, though the impact is not significant. Other variables were essen

tially unchanged from the previous period. Note is taken that the index 

of poultry prices did not exert a significant influence on prices in this 

period &s was the case in the 1947-1968 equation.

Fed Lamb Demand. No variables in this equation were significant, although 

the. t value of the coefficient of the price of sheep was just under one. 

Supply of fed lamb, imports, and poultry price index indicated changes in 

sign from the previous model, but the Coefficients were so small relative 

to their standard errors that little confidence was placed in them.

Supply of Spring Lamb. Two variables showed a change during this period 

relative to the previous period. Imports of lamb and mutton dropped in 

the size of the coefficient while maintaining the inverse relationship, 

indicating that during this period the impact of imports of lamb and mut

ton on the supply of spring lamb had declined. However, the price of wool 

including incentive payments showed an increasing positive influence from 

the previous equation, suggesting that the importance of wool in maintain

ing sheep numbers may be declining.

Supply of Fed Lamb. It is difficult to account for the change in the 

previous two time periods from an Unexpected significant inverse relation

ship to a normal positive relationship between slaughter of fed lambs and
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price of fed lambs. However, as prices of fed lambs have been falling in 

recent years, the quantity supplied in general likewise has been following 

a similar pattern. A. decline in the importance of imports was noted, as 

well as in the price of corn. The latter variable, although nonsignifi

cant, indicated a sign change which suggests a more normal relationship 

between the price of corn, which represents the cost of feed grain, and 

lambs fed for slaughter.

Sheep Demand. Both fed steer beef prices and average lamb prices indi

cated a positive significant effect on prices of sheep as in the other 

periods. Market wool prices as well as stock sheep on hand proved to have 

a small but inverse relationship. The index of poultry prices dropped in 

significance as an influencing variable during this period as it did: with, 

lamb prices.

Imports of Lamb and Mutton. Little change was noted in the significant 

variables, although price of sheep dropped some in significance as did 

the price of lamb. The wage rate and freight rate maintained their strong 

positive relationship.

Logarithmic Linear Models

As previously discussed, it is not a priori evident which method 

of treatment, i.e. actual variate or logarithms, of the models is best, if 

indeed such a "best" treatment exists. Study of the scatter diagram of 

the relationships in the model does not clearly indicate which ought to be 

selected. For this reason, the model was analyzed utilizing both methods. 

The analysis of the model with data in logarithms is presented in this
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section where differences occur. Results are tabulated in Table VIII5 

pages 79-81.

The equations were estimated in logarithms and results followed 

the same general pattern as the raw data models. The major difference was 

found in the signs of some coefficients, which were nonsignificant, with 

six exceptions. These exceptions were: I) Equation I in the 1947-1968 

time period, where the price of fed steer beef was positively significant 

in the price of fed lamb relationship. With the log linear equation it 

was an inverse, nonsignificant relationship. 2) Equation 2 in the 1930- 

1968 time period, which showed a positive significant relationship of lamb 

and mutton imports to price of fed lambs. The log linear relationship 

indicated an inverse, nonsignificant relationship. 3) Equation. 2 in the 

1947-1968 period estimated the price of fed steer beef as not significant 

with fed lamb prices while the log linear equation determined the rela

tionship to be positive and significant. 4) Equation 4 indicated a nega

tive, nonsignificant relationship for the slaughter of spring lambs in the 

1930-1968 actual variate model, but a positive, significant.relationship 

in the log linear model. 5) In Equation 5 imports of lamb and mutton 

indicated a strong inverse relationship between price of sheep which 

proved to be positive and nonsignificant in the log linear relationship.

6 ) In the same equation, poultry price index was negative and nonsignif

icant in the actual variate model but positive and significant in the log

linear model.



TABLE VIII. RESULTS OF ANNUAL MODEL - LOGARITHM LINEAR, 1930-1968, 1947-1968, 1955-1968

Independent Variables and Coefficients

Dep.
Eq. Period Var. Const. Y3 Y5 Y6 X 1 X2 X3 X 12 SE F R2

I 1930-68 Y1 .696 -. 084 .653% -.202 -.434% .052 .333% -.069% .021 56.308 .938 2.305c
(.152) (.151) (.273) (.174) (.095) (.098) (.048)

I 1947-68 Y1 -1.728 .114 .456% -.683% -.276 .094 1.069% .022 39.700 .941 2.46c
(.410) (.304) (.333) (.364) (.123) (.513)

I 1955-68 Y1 - .131 -.403 -.083 -.840% .770% .141 .636 .025 6.271 .843 OCOCOlOcsl

(.422) (.423) (.435) (.528) (.201) (.644)

Y, Yv Yv X 1 Xn X n X 1 n4 5 6 I 2 3 12

2 1930-68 Y2 - .237 -.098 . 634% -.131 -.139 .078 .425% -.016 .044 15.767 .809 I.730c
(.216) (.222) (.545) (.373) (.198) (.205) (.068)

2 1947-68 Y2 -1.058 -.137 .810% .332 .819% .345% .471 .035 18.638 .882 2.38c
(.330) (»292) (.529) (.591) (.213) (.553)

2 1955-68 Y2 1.364 -.374 .584 -.334 -.191 .021 .164 .. .036 3.081 .725 2.704c
(.857) (.729) (.607) (.813) (.285)(1.27)

aFigures in parentheses are the standard errors of the estimates. 

^Significant at the .05 level.

cIndicates no serial correlation with Durbin-Watson statistic.



TABLE VIII. (continued)

Independent Variables and Coefficients

Eq. Period
Dep. 
Var. Const. Y 1 Y6 X4 X 6 SE F R2 DW

3 1930-68 Y3 2.630 -.858b 
(.136)

-.339b
(.266)

-.035
(.075)

• 456b
(.077)

.036 121.205 .944 I.828c

3 1947-68 Y3 3.299 =1.006b
(.098)

-.663b
(.181)

-.167b 
(.101)

. 244b 
(.093)

.024 36.611 .896 2.521c

3 1955-68 Y3 •2.026 -.479b 
(.215)

-.225b
(.198)

.159
(.404)

. 570b
(.133)

.020 33.912 .938 2.263c

Y2 Y3 Y6 X4 X 6 X7 X9.

4 1930-68 Y4 .882 -.172
(.185)

.277b
(.202)

-.65Ib
(.218)

. 112b
(.069)

. 348b
(.132)

. 655b
(.176)

. 144b 
(.073)

.031 86,016 .959 1.255s

4 1947-68 Y4 1.553 -.475b
(.251)

-.019
(.275)

-.239b 
(.205)

-.231b
(.150)

. 769b 
(.116)

.266b
(.216)

. 254b
(.094)

.020 56.802 .966 I.801c

4 1955-68 Y4 1.109 ' .117
(.231)

-.064
(.242)

.037
(.155)

-.293
(.375)

I.073b 
(.216)

-.060
(.225)

-.013
(.186)

.014 63.034 .986 2.859c

^Indicates inconclusive Durbin-Watson test. 

eIndicates serial correlation present.



TABLE VIII. (continued)

Independent Variables and Coefficients

Dep.
Eq. Period Var. Const. y6 Xi X2 X5 O I—I 

Xj xIl X 12 SE F • R2 DW

5 1930-68 Y5 -1.832 .151 . 524b . 294b . 135b . 805b -.040 . 150b .030 75.897 .953 1.3 Id
(.372) (.180) (.141) (.077) (.170) (.052) (.028)

5 1947-68 Y, - .098 -.607b 1.083b -.176b . 201b . 80 7b .061b .023 134.006 .982 2.35cb (.340) (.231) (.160) (.075) (.146) (.060)
5 1955-68 Y5 - .102 -.251 .506b -.005 -.019 .546b -.017 .019 . 5.662 .829 2.43c

(.291) (.341) (.150) (.115) (.173) (.086)

Y5 X 8 xIO

6 .1930-68 Y6 '2.660 .135 .422b -.542b
(.189) (.134) (.292)

6 1947-68 Yfi 3.116 .782b I.164b-1.315b
(.240)(I .86) (.374)

6 1955-68 Y6 3.153 1.393b 1.350b-1.718b
(.637) (.245) (.526)

.034 21.246 .680 .928

.029 24.476 .803 1.38e

.028 12.961 .795 2.03c

CO
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While some differences were found in the degree of significance 

of the other variables between the actual variate and log linear models, 

results were generally very similar.

Price and Income Flexibilities

Since the models of this study have been devoted to the explana

tion of prices of lamb and sheep, prices have been used as the dependent 

variable in each demand equation. As a result, price and income elastic

ities cannot be estimated directly without solving the equations for the 

quantity variables. The term "price flexibility" has been applied to the 

functional relationship where price is the dependent variable and is de

fined in. an analogous way to price elasticity. 'Houck has pointed out that 

in general "the reciprocal of the direct price flexibility forms the lower 

limit, in absolute terms, of the direct price elasticity."Z/ Price flex

ibility of a commodity is defined as follows:

Price flexibility 
of a commodity

Percent change in price 
of a commodity

Percent change in quantity 
of a commodity

Income flexibility and cross-flexibility are similarly■defined.

Because the variables were measured in actual terms in the actual 

variate model, the estimated coefficients cannot be interpreted as flexi

bilities in the demand equations. The flexibilities are derived from the

—/james P. Houck. "The Relationship of Direct Price Flexibilities 
to Direct Price Elasticities." Journal of Farm Economics, VoI. 47, No. 3 
(1965) 792.

)
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equations at the point of the data means.—  ̂ The flexibilities are inter

preted as the percent change in the price associated with a one percent 

change in the explanatory variable, assuming all other variables remain 

constant at the mean values. In the case of equations estimated in log

arithms, the regression coefficients are read directly as the flexibili

ties .

Actual Variate and Log Linear Flexibilities

As in the case of the regression coefficients, some variation 

existed in the flexibilities of the actual variate and log linear models. 

In the case of the 1930-68 spring lamb actual variate equation, price 

flexibility was .049 compared to -.084. in the log linear equation 

(Table IX, page 84). As Waugh has suggested, usually "inflexible prices 

correspond to elastic demand and flexible prices to inelastic demand.'— / 

For the same period, fed lamb price flexibility was -.190 in the actual 

variate model and -.098 in the log linear model. Sheep price flexibility 

was low, but quite similar with -.031 and -.040 for the two models, re

spectively. The other time periods indicated similar results, although 

some inconsistencies were present with respect to signs. In general, the 

log linear equations appeared to give more reasonable results for price 

flexibilities than the actual variate equations.

— /Frederick V. Waugh. Demand and Price Analyses: Some Examples 
from Agriculture. Technical Bulletin No. 1316, U.S. Department of 
.Agriculture, Washington, D.C., 1964, pp. 28-30, 80-84,

I/Ibid., p. 20.



TABLE IX. FARM PRICE AND INCOME FLEXIBILITIES' FOR SPRING AND FED LAMB AND SHEEP--ACTUAL VARIATE
AND LOG LINEAR DEMAND EQUATIONS, 1930-1.968, 1947-1968, 1955-1968

Actual Variate* Log Linear**

Period Type Quantity Income Quantity Income

1930-1968 Spring .049 .202 -.084 .333
Fed " -.190 .144 -.098 ' .425
Sheep -.031 — -.040 - °

1947-1968 Spring .154 .906 .114 1.069
Fed -.220 .404 -.137 .471
Sheep .077 — .061 - “

1955-1968 Spring -.287 .729 -.403 .636
Fed 1.508 .885 -.374 .164
Sheep -.032 -- .-.017 --

^Actual variate flexibilities were estimated from the demand equations evaluated at the
mean of the sample data. 

Price flexibilities = Q ^P Income flexibilities %  . M
T P &Y

**Log linear flexibilities were estimated. directly by the method of two stage least
squares techniques.
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Income flexibility coefficients were consistently higher in the 

log linear equations than for those of the actual variate estimations with 

the exception of the fed lamb relationship in the 1955-1968 period when 

the fed lamb actual variate income flexibility was .885 compared to .164 

in the fed lamb log linear relation. Income flexibilities for both spring 

and fed lamb increased in each period for both actual variate and log 

linear equations with.the exception of spring and fed lamb in the log 

linear relationship, in the 1955-1968 period and the spring lamb in the 

actual variate equation for the same period (Table IX, page 84). For 

example, the income flexibilities for spring lamb in the log linear equa

tions were .333, 1.069, and .636 compared to .202, .906, and -.729 in the 

actual variate relations for the three respective time periods.

Differences in Time Periods

In his study based on retail prices of leg of lamb, Breimyer noted 

that the demand for lamb was "naturally elastic with respect to its own 

supply."— / This study determined that, in general, the elasticity of 

demand at the farm level tended to be more elastic than earlier studies 

indicated. The price flexibilities for the period 1930-1968 indicated the 

lowest flexibility, which corresponds to the highest elasticity, in both 

actual variate and log linear models for spring and fed lamb. Breimyer 

determined that for a somewhat comparable period, 1921-1941; 1948-1968,

— /Harold F. Breimyef. Demand and Prices for Meat--Factors 
Influencing Their Historical Development. Technical Bulletin No. 1253, 
U.S. Department of Agriculture, Washington, D.G., December 1961, p. 79.

z

(
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the price flexibility was r.564 (Table X, page 87). While the flexibility 

coefficients for the 1947-1968 period for spring lamb were somewhat larger, 

they carried positive signs for both actual variate and log linear methods 

of estimation. Fed lamb estimates were slightly higher. A somewhat com

parable period, 1948-1960; was studied by Breimyer— / and the price flexi

bility coefficient was estimated to be -.262. The findings of Mount—  ̂

for the period 1,948-1963 estimated the price flexibility to be -1.22. 

Fienup— / estimated the price flexibility to be -.56 in the period 1948- 

1960. Fox-i^/ found the coefficient for the period 1922-1941 to be -1.50, 

but this was not a comparable time period. The present study determined 

price flexibilities for the 1955-1968 period to be -.298 and 1.508 for 

spring and fed lambs, respectively, for the actual variate equations and 

-.403 and -.374 for the log linear relationships.

Price flexibilities for sheep were low in all three periods, indi

cating a very high elasticity of demand for sheep over the entire period 

as well as each shorter period.

Ip. analyzing the price flexibility coefficients, care must be 

used especially in drawing conclusions since in neither actual variate 

nor log linear models for any of the period under consideration was the

— /Breimyer. op. cit. , p. 80.

— /Timothy D.,Mount. "Analysis of the Present and Future Market 
for Lamb with Particular Reference to Oregon." Unpublished master's 
thesis, Oregon State University, 1965, pp. 85-86.

— /pienup. o£. cit., p. 54.

— /pox. o£. cit., p. 46.
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coefficient of the quantity variable statistically significant. That is, 

the coefficient was not statistically different from zero, which would 

account for the variation in sign of these estimates through all periods 

and classes of lambs as well as sheep.

TABLE X. PRICE AND INCOME FLEXIBILITIES FROM SELECTED ANNUAL TIME SERIES 
STUDIES

Flexibilities

Years Quantity Income Method Analyst

1921-29 -.351 .415 Sgl. Eq. L.S . Logs Breimyer

1930-41 -.562 .562 Sgl. Eq. L.S . Logs Breimyer

1948-60 -.262 .389 Sgl. Eq. L.S . Logs Breimyer

1921-41;
1948-60 -.564 .568 Sgl. Eq. L.S . Logs Breimyer

1922-41 -1.50 1.09 Sgl. Eq. A Logs Fox

1948-63 -1.22 .42 Sim. Eq. T.S .L.S. Mountb

1948-60 - .56 1.30 Sgl. Eq. A Logs Fienupb

^Farm level.

The income flexibility coefficients were somewhat more consistent 

and significant over the three different time periods. In every case, a 

positive sign was indicated. The simple average of the three periods 'for 

spring lamb utilizing the actual variate model was about 0.6 and about 0.7 

for spring lamb with the log linear model. Simple averages for fed lamb
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over the three periods for actual variate and log linear models were 0.5 

and 0.4, respectively, which coincides closely with Breimyer1s estimates 

utilizing leg of lamb prices (Table X, page 87). This indicates that for 

a ten percent (in the case of spring lamb) increase in disposable per 

capita income the price of spring lamb at the farm level rose six percent.

Considerable interest has been focused on lamb and mutton imports 

in recent years. The estimated coefficients of net imports were not sig

nificant in either actual variate or log linear estimations for the 1930- 

1968 period for spring lamb which was not unexpected. However, in both 

1947-1968 and 1955-1968 periods for spring lamb, significant and consis

tently negative coefficients were indicated for actual variate and log 

linear models.

Cross flexibilities are useful in explaining the declining demand 

for sheep and lamb. This coefficient gives, as in the case of price and 

income flexibilities, the amount of influence exerted by these other vari

ables on the exogenous variables. The cross flexibility for imports in 

the demand equations for fed lamb in actual variate and log linear models 

indicated a significant relationship with fed lamb prices only in the 

1930-1968 period (Table XI, page 89). This would indicate that fed lamb 

prices have not been adversely affected by imports of lamb and mutton 

through the entire period. However, the cross flexibility coefficients 

of spring lamb were significant in the later periods, 1947-1968 and 1955- 

1968, in both actual variate and log linear models. This means that, 

using the import cross flexibilities of the actual variate model for the 

1955-1968 period, if the index of net imports of lamb and mutton increased
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by one percent, the price of spring lamb would decrease by .8 of one per

cent, ceteris paribus. In terms of 1968 data, this would mean that if net 

lamb imports increased by one percent or .795 million pounds in 1968, the 

price would have decreased only $.17 per hundred pounds. This is quite 

similar to Mount's conclusion which was that imports during the period 

.1958-1963 caused an average yearly decrease in the price of lamb per 

hundred weight of about $.20.— ^

TABLE XI. IMPORT, FED BEEF PRICES, AND POULTRY PRICE INDEX FLEXIBILITIES 
FOR SPRING AND FED LAMB— ACTUAL VARIATE AND LOG LINEAR DEMAND EQUATIONS

Period Type

Actual Variate Log Linear

Imports Fed Beef Poultry Imports Fed Beef Poultry

1930-68 Spring .066 -.553* . 106* -.202 -.434* .052
Fed 1.103* -.950* .420* -.131 -.139 .078

1947-68 Spring -.711* .696* .056 -.683* -.276 .094
Fed .055 -.381 .345 .332 .819 .345

1955-68 Spring -.823* .376* .113 “o840* .770* .141
Fed -.242 -.475 -.027 -.334 -.191 .021

^Indicates cross flexibilities from significant coefficients at 
the .05 level.

Flexibility coefficients of the fed beef price variable indicated 

an interesting change over the three time periods. In general, they

— ^Mount. o£. cit., p. 67.
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varied from negative, significant coefficients in the 1930-1968 time 

period (indicating a strongly complementary relationship) to a highly 

significant positive relationship (with the exception of fed lamb in the 

log linear equation for the 1955-1968 period) which signifies a strong 

substitute effect on prices of both spring and fed lamb. In the 1955- 

1968 period, for example, the positive impact of fed beef prices was less 

than the inverse influence of imports for that particular equation. In 

general, this was true of the other equations in both later periods.

The coefficients of poultry prices showed a significant relation

ship in only three equations (Table XI, page 89). These were actual 

variate equations for spring and fed lamb in the 1930-1968 period and 

fed lamb for the 1947-1968 period. As a result, it was concluded that 

poultry prices indicated a relatively small, but in general substitute, 

effect on both spring and fed lamb prices„

Serial Correlation

The Durbin-Watson statistic was utilized in the conventional sense 

to check for serial correlation in the residuals. Equation 4, supply of 

fed lamb, for the 1930-1968 period, and Equation 6, index of import quan

tity per capita for the 1930-1968 period, for both actual variate and log 

linear estimations indicated the presence of serial correlation. While 

unbiased estimates of the regression coefficients are obtained when posi

tive serial correlation is present, serious underestimates of the vari

ances of the coefficients are likely, the precise forms of the t and F 

tests are less valid, and inefficient predictions result. Results ob

tained from these two equations must be interpreted with considerable
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caution. All other equations indicated no autocorrelation except Equa

tion '5, price of sheep for the 1930-1968 period, which indicated incon

clusive determination of serial correlation.

Other Studies

In general, results of the structural models compare favorably 

with other studies by Breimyer, Fox, Mount, and Fienup (Table X, page. 87) 

which have been referred to earlier. Considerable variation is noted 

among the results, of their findings, but the different approaches utiliz

ing different techniques and different periods of time indicate some close 

similarities. Price flexibilities of this study indicate that.demand 

elasticity is more inflexible (elastic) than previously estimated. The 

inverse price relationship in nearly all.supply equations indicates that 

the supply curve has been shifting to the left over time. The possibili

ty also exists of incomplete or inadequate specification of the supply 

relationships in the model.

Mount's conclusion that the price of lamb is slightly price 

flexible (price inelastic) is substantiated by Fox's findings and suggests 

that a reduction in production would increase the gross revenue to pro

ducers / However, Fienup and Breimyer,.as well as this writer, found 

that the price of lamb is price inflexible (price elastic) and contradict 

Mount's conclusion and suggest that an increase in production would in

crease gross revenue. These results should stimulate caution in accepting 

the conclusions of these studies too readily.

— /Mount. 0£. cit., p . 85.



CHAPTER VI

RESULTS OF ANALYSIS OF PREDICTIVE MODELS

The results of the analysis.of the regression equations formulated 

to estimate lamb prices in three different time periods are presented in 

the following sections, The relationships in the models are examined in 

terms of the regression coefficients, standard error of estimates, F val

ues , coefficients of determination, and the Durbin-Watson statistic. 

Methods of handling the data are also considered.

For each model, the analysis will be made and illustrated by a 

table of twelve monthly equations. This will be followed by a second 

table illustrating the actual and forecast prices resulting from the equa

tions, the deviation of forecast prices from the actual prices, and the 

correctness of direction of price change forecast from the current month.

Since data for these models include monthly observations, or com

binations of monthly observations, for the period 1955-1968, forecasts 

after that period will reflect the performance of the models. It is ex

pected that monthly updating of the equations as data becomes available 

will result in greater accuracy utilizing the recent estimates of the 

coefficients. In this manner, the most recent conditions of the industry 

would be reflected in the estimations. /

One Month Predictive Model

The equations for each one month prediction utilizing data arrange 

ment of la (single monthly observation) are presented in- Table XII, pages

93 and 94.



TABLE XII. ONE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS, CHICAGO, 1955-1968

Month Constant_______. Independent Variables and Coefficients_____________ SE______F_____R^

janIa 18.865 -.316X10-.ISSX3-I.220X4+ .OOSX6+.OOlX7-.OlOX8+.177Xg 
(.151) (.066) (3.639) (.003) (,001) (.016) (.074)

.985 12.080 .933

Fabia 2.424 -.529X10-.OOlX1+.072X3-3.226X4+.006X5-.OOlX7+.OOSX8 
(.293) (.004) (.123) (7.003) (.005) (.002) (.026)

1.824 3.762 .858

+.242X9
(.127)

M^nIa 85.848 -.OSOX1 -.126X -4.566X4-.002X -.003X,+.00IX -.020X„
(.595) (.157) (9.731) (.001)^(.008) (.002)'(.033)

2.661 1.425 .695

+.139X9
(.214)

APrla 81.620 -.OlSX8-.194X2-.202X3+.OOlX6-.OOlX7-.096X9-.OOlX10 
(.028) (.315) (.166) (.009) (.002) (-.213) (.416)

2.240 2.330 .788

-.OOlX
( .001)

5A

May^a 41.244 -. 230X. Q . 2 9 9X9 -. 013X.+.OOlX,-. OOlX7+ .020X .OISX1 
(.259) (.1Q2) (.082) (.006) (.001)'(.026) (.128)

Jun1 -.309X1n-.027X +.035X,-.OOlX,-.OOlX +.023XR-.061Xq 
(.189) (.148) (.113) (.005) (.001)'(.022) (.099)

1.812 3.796 .816

1.457 3.836 .817

DW

2.636

3.126

2.321

2.774

2.145

2.56220.961



TABLE XII0 (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

julIa 25.919 -.314X10+,OOSXg-.029X3-.004X6-.002X7+.034Xg+.016Xg 
(.182) (.257) (.084) (.007) (.002) (.031) (.128)

2.098 2.616 .753 2.223

iusIa 53.123 -.OOlX1- -K 134X -.045X +.003X,+.002X -.034Xft+.017Xq 
(.001)"*^(. 261)^ (. ISS)'5 (. 008)° (. 002) / (. 035)°(. 177;

-.07IX10 
(.273)

2.780 1.050 .627 2.079

sePla 14.825 KOOIX 5b -.I96X3-K 700X4K OOSX6-.OOlX7-.009X8K167X9 
(.001) (.135) (5.47) (.008) (.002) (.028) (.172)

-.098X10
(,143)

1.753 3.138 .834 1.989

0ctIa 19.180 -.13SX10+.122X2-.155X3+6.745X4».OOIX5b-.OOlX6+.OOlX7 
(.175) (.207) (.095) (6.724) (.001) (.006) (.002)

-.007Xg+.021X9 
(.036) (.109)

1.623 3.645 .891 2.458

Novia 30.769 -.193X10-.177X3+2 .165X4+.003X6+.OOlX7+.OOlXg-.OI6X9 
(.100) (.068) (6.904) (.003) (.001) (.012).(.076)

1.154 10.217 .923 2.729

Decla 17.281 -.274X,n-.IOOX -2.658X +.006X,+.00IX -.006X„+.169Xq 
(.163) (.056) (7.503) (.006) (.001) (.023) (.121)

1.511 6.046 .876 3.007
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It is evident that the equations are lacking in significant F 

values (three are significant), in most all cases the regression coeffi

cients are not significant, and the standard errors are greater than one. 

The coefficient of determination indicates that from 93.3 percent in the 

January la equation to 62.7 percent in the' August la equation of the vari

ation in the price variable is explained by the independent variables in 

the respective equations. A.discussion of the overstatement of the actual 

explained variation is given in Ezekiel and Fox.—/

In considering the results of actual prediction in Table XIIIs 

page 96, the estimating equations did a fair job of forecasting prices one 

month in advance. Of the twelve equations in Table XIII, eight predicted 

the correct movement in prices from the current month.

Several factors are considered in explaining the results of the 

equations. Adequate specification of the model in terms of the explana

tory variables which could be utilized is very important. The rather 

large number of independent variables utilized in view of the limited num

ber of observations would restrict degrees of freedom. Because of this, 

many of the coefficients were statistically nonsignificant which helps to. 

explain why the signs of some of the coefficients are not consistent in 

all of the months. For example, according to theory, the sign of quantity 

of lamb slaughtered (Xg) would be expected to be consistently negative in 

demand equation. In all but two equations, February and June, this holds

— /Mordecai Ezekiel and Karl A. Fox. Methods of Correlation and 
Regression Analysis, Third Edition. John Wiley and Sons, Inc., New York, 
1961, pp. 290-300.



TABLE XIII. ACTUAL AND FORECAST PRICES OF CHOICE LAMB FOR MONTHLY MODEL

Equation
Utilized

Month of 
Forecast Price

Actual Price 
(dol./cwt.)

Forecast Price 
(dol./cwt.)

Deviation 
(dol./cwt.)

Direction of 
Change of Forecast3

janIa January 1968 22.91 23.51 - .60 C

Febla February 1968 24.35 23.50 .85 C
Marla March 1968 26.07 25.41 . 66 C

rIa April 1968 26.82 25.88 .94 I
May^a May 1968 26.90 . 28.01 -1.11 C

junIa June 1968 28.62 28.86 - .24 C

julIa July 1968 27.28 27.71 - .43 C

Augla August 1968 25.67 26.11 - .44 C
Se?!* September 1968 25.93 24.47 1.46 I

0ctIa October 1968 26.00 24.43 1.57 I
lfovIa November 1968 26.00 25.65 .35 C
Decla December 1968 25.41 24.73 .68 I

janIa January 1969 25.65 26.22 .43 C

Febla February 1969 27.79 25.51 2.28 C
Marla March 1969 29.03 19.59 9.44 I

Aptia April 1969 31.40 26.60 4.80 I

aI indicates incorrect forecast of direction of change and C indicates correct forecast 
of direction of change.
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true. Income (Xg) would be expected to have a direct positive relationship 

in every equation. In five of the equations it has. this expected sign.

Lamb storage (X-̂ q ) showed consistent inverse sign relationships for every 

equation while quantity of beef slaughter (Xg) changed signs in different 

equations. Number of breeding ewes was consistent in the two equations, 

March and April, in which it was included. All other variables showed 

inconsistency of sign in different equations.

The four monthly equations where actual forecasting took place 

indicated a fairly small deviation in two, January and February, which 

also indicated correct direction of price movement. The March and April 

1969 equations missed the expected value (Table XIII, page 96). The reli

ability of these two equations is in serious question because of the high 

residuals, $9.44 and $4.80 per hundredweight, for March and April, respec

tively. They were both suspect when reference is made to the statistical 

properties in Table XII, pages 93 and 94, since standard errors were high,

F values were not significant, and coefficients of determination (R2) were 

low. Furthermore, 1968 estimations of March indicated a .66 residual with 

correct change of direction, but a .94 residual with incorrect change for 

the April equation. A considerable part of the problem in the April esti

mate can be traced to the large increase in imports of lamb (X7) in the 

early part of 1969 and the inconsistent sign of the import coefficient for 

the April equation.

Alternative equations utilizing the same variables but with differ

ent arrangements and weighting of data are found in Appendix E, Tables I 

through IV.
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The arrangement and weighting of data were accomplished as des

cribed on page 60. Results indicate some of the arrangements and weight 

assignments for individual equations were more accurate in prediction with 

greater statistical significance, but none were consistently better than 

the others. Considerable opportunity exists to explore alternative and 

more appropriate data arrangements and weighting techniques.,

Three Month Predictive Model

Regression equations utilizing data arrangement 3a (single month

ly observations) are presented in Table XIV,' pages 99 and 100. Statis

tical properties of this group of equations are more significant than in 

the one month model as indicated in the four columns on the right of the 

table. While standard errors are somewhat high, four equations indicated 

significant F values and all coefficients of determination were above .81. 

The Durbin-Watson statistic indicated either no serial correlation or that 

the test was inconclusive. Therefore, the result was the failure to re

ject the null hypothesis of no serial correlation in this model. In nine 

equations, the quantity of lamb slaughtered (Xg) variable had the expected 

negative sign. The others (August, September■, and October) had very in

significant coefficients and for this reason the inconsistent positive 

signs could result. The coefficients of all other variables exhibited 

similar inconsistent signs, and in fact it is difficult to determine what 

the signs should be, despite theoretical reasoning of what they should be.



TABLE XIV. THREE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE IAMBS, CHICAGO , 1955 -1968

Month Constant Independent Variables and Coefficients SE F R^ DW

Jan3a -10.399 +.OOIX5b-.I23X3+2.843X4+ .004X6-.OOlX7+.017Xg+.246Xg 
(.001) (.070) (4.328) (.005) (.002) (.031) (.089)

-.325X10
(.153)

1.426 5.567 .899 3.354

Feb3a 8.909 -.253X10“.O87X3-2 .905X4+.009X6+.002X7-.017X8+.266Xg 
(.111) (.067) (4.597) (.003) (.001) (.014) (.095)

1.451 7.063 .892 3.258

Marja 31.274 -.ligXg-.175X3+.007X6+.002X7-.02IX8+.238Xg-.OSlX10 
(.182) (.067) (.007) (.002) (.030) (.142) (.233)

1.972 3.413 .799 2.970

Aprga 55.401 -.OOSX8-.224X2-.25IX3+.004X6+.00IX7+.028X9-.OSOX10 
(.028) (.180) (.097) (.005) (.001) (.142) (.308)

1.760 3.854 .818 3.001

Mayga 47.195 -.OO3X1+.018X3-.I6Ox3+.007x6-.002X7-.025Xg-.160Xg 
(.003) (.169) (.115) (.006) (.002) (.027) (.110)

+.376X10
(.314)

1.654 4.263 .872 2.216

Jun3a 55.330 -.001X5A+.205X2-.OS3X3-.OOlX6-.OOlX7-.023Xg-.OlOX9 
(.001) (.197) (.113) (.005) (.001) (.021) (.136)

1,673 3.001 .828 2.671

+. 378X^o
(.377)



TABLE XIV. (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jui3a 25.853 -. OOIX5a+. 262X2-. 038X3+. 00.6X6~. 003X7-. 028Xg-. 024Xg 
(.001) (.247) (.130) (.007) (.001) (.022) (.167)

1.752 3.730 .857 2.670

+.190X10
(.325)

Au§3a 34.827 -.206X10+.144X2+. 022X3-.OOIX5a -.002Xg-.002X?+.002Xg 
(.210) (.176) (.070) (.001) (.005) (.001) (.023)

1.420 5.794 .903 2.321

+.ISlXg
(.107)

SeP3a -20.275 -.404X10+.157X3+ 5.SOOX4+.002X6-.OOlX7+.02SXg+. 126X9 
(.174) (.147) (10.924) (.008) (.001) (.038) (.142)

1.711 3.658 .810 1.927

OctSa -29.859 -.265X10+.147X3+20.393X4-.Ol3X6-.002X7+.085Xg+.167Xg 
(.123) (.112) (10.035) (.008) (.002) (.039) (.127)

1.751 3.661 .810 2.042

Novga 36.292 -.OOIX5b -.OI4X3+5 .739X4-.OOSX6+.OOlX7+.013Xg+.064Xg 
(.001) (.120) (6.612) (.005) (.001) (.026) (.101)

1.670 4.003 .865 1.913

-.142X10
(.156)

Dec3a -4.104 +.00IX55-.OlOX3- .523X4+.008X6+.OOlX7+.002X8+.170X9 
(.001) (.123) (4.965) (.007) (.002) (.026) (.156)

1.591 4.821 .885 3.292

-.30ZX10 
(.130)

100
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Observance of the residuals in Table XV, page 102, indicates some

what better estimates than in the one month model. All of the equations 

in 1968 indicated a correct change in price forecast from the current time 

period, with about 40 percent overestimating the actual price and the re

mainder underestimating the price. Equations for January 1969 and Febru

ary 1969 underestimated prices by fairly large amounts. In addition, 

February indicated incorrect price direction change. The March 1969 equa

tion indicated a much larger residual ($4.57 per hundredweight) as well as 

incorrect price direction change. . Insignificant coefficients and incon

sistent signs particularly with the lamb import variable (Xy) share as 

causal factors for this high residual. The April 1969 equation predicted 

a much closer price than the other three equations and the direction of 

change was correctly estimated.

The reliability of this set of equations is not clear as in the 

case of the one month model, although it is somewhat improved. It is not 

always the more statistically significant equations that give more realis- 

tice predictions, both as to deviation and to direction of estimated change 

However, this model is an improvement over the previous one month model.

The three month model equations with other data arrangements and 

weighting are included in Appendix E, Tables V through VIII.

Individual equations were more statistically significant than 

others, but no consistent pattern for any specific arrangement or weight

ing methods was developed. As in the case of the one month predictive 

model, many additional alternatives await further examination.



TABLE XV. ACTUAL AED FORECAST PRICES OF CHOICE LAMB FOR THREE MONTH MODEL

Equation
Utilized

Month of 
Forecast Price

Actual Price 
(dol./cwt.)

Forecast Price 
(dol./cwt.)

Deviation 
(dol./cwt.)

Direction of 
Change of Forecasta

Jan03a January 1968 22.91 23.22 - .31 C
Feb3a February 1968 24.35 24.47 - .12 C
Mar^ March 1968 26.07 24.78 1.29 C

A?r3a April 1968 26.82 25.19 1.63 C
May3a May 1968 26.90 26.41 .49 C

Jun3a June 1968 28.62 28.44 . .18 C

Jul3a July 1968 27.28 27.29 - .01 C

4ugSa August 1968 25.67 26.14 - .47 C
Sep3a September 1968 25.93 25.23 .70 C

Octsa October 1968 26.00 25.01 .99 C
Moy3a November 1968 26.00 26.38 . - .38 C
Dec^a December 1968 25.41 25.09 .32 C

janSa January 1969 25.65 24.06 1.59 C

EebSa February 1969 27.79 25.67 2.12 I

^ 3 a March 1969 29.03 24.46 4.57 I

4prSa April 1969 31.40 30.43 .97 C

aI indicates incorrect forecast of direction of change and C indicates correct forecast 
of direction of change„
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Six Month Predictive Model

The six month estimating equations for the Chicago price of choice 

lambs are presented in Table XVI, pages 104 and 105. Data arrangement 6a 

(single monthly observations) was selected for discussion here. The actu

al and estimated prices, the residuals, and direction of change of forecast 

for this model are found in Table XVII, page 106.

This model indicates a decline in statistical significance from 

the three month estimating relationships. The standard errors are larger 

as expected, the F 'values less significant, and the coefficients of deter

mination are generally lower. The Durbin-Watson statistic indicates that 

no serial correlation exists in any of the equations.

As was the case in the previous two models, little consistency is 

apparent in all of the variables with regard to sign. This is to be ex

pected even more with fewer coefficients significant than in the previous 

model. The. variable, quantity of lamb slaughtered, indicated the greatest 

consistency in the twelve equations with two equations, September and 

December, showing a positive sign contrary to theory. Other variables 

were consistent in the inconsistency of the signs of their coefficients.

The deviations of the 1968 data indicate that the estimates of the 

months of the year were not unfavorable compared to the three month model. 

One-half of the equations overestimated actual price in this model. The 

estimate of the July equation resulted in an unusually large residual of 

$2.23 per hundredweight with the estimated price lower than the actual 

price, although the direction of change was correct.



TABLE XVI. SIX MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS5 CHICAGO, 1955-1968

Month Constant Independent Variables and Coefficients SE F R2 DW

Jan6a 17.206 - . 23IX 10" •O9 OX3 -  . 1 3 9 X4 + . 004X6 +.OO2 X7 - .OOSX8 + . 155Xg 
( .1 5 7 )  ( .0 8 3 )  (5 .35 0 )  ( .0 0 4 )  ( .0 0 1 )  ( .0 2 0 )  ( .0 9 4 )

1.819 3.492 .803 2.742

Feb6a 27.069 -.OOIX5b- . 0 5 4 X3 + . 9 ISX4+.OOlX6- . OOlX7 + . 007Xg+.190Xg 
( .0 0 2 )  ( .1 7 7 )  (9 .68 7 )  ( .0 0 8 )  ( .0 0 2 )  ( .0 3 9 )  ( .1 4 2 )

2.517 1.679 .729 2.445

' - .1 2 9 X io
( .2 5 3 )

warGa 47.456 -.OOIX5b- . OSOX3+.OlOX6+.OOZX7- . 040X8- . 040Xg- .0 7 OX10 
( .0 0 1 )  ( .1 5 8 )  ( .0 0 8 )  ( .0 0 2 )  ( .0 2 7 )  ( .2 0 6 )  ( .1 6 2 )

2.188 2.610 .753 2.763

APr6a 109.31 - . 1 7 0 X3 - . 0 5 2 X3 - . 003X5 B- . 003X6 + . OOlX7 - . 022Xg+.032Xg 
( .1 6 0 )  ( .0 8 7 )  ( .0 0 1 )  ( .0 0 5 )  ( .0 0 2 )  ( .0 2 8 )  ( .1 0 5 )

1.738 4.287 .873 3.262

+ .093X io
( .1 6 7 )

wa^Ga 29.877 - . 0 0 2 X2 - . 1 9 4 X3 + . O l i x 6 - . OOlX7 - . 025Xg-. 051Xg+.IO 8 X1 0  

( .1 2 2 )  ( .0 8 5 )  ( .0 0 4 )  ( .0 0 2 )  ( .0 1 8 )  ( .1 1 2 )  ( .1 4 9 )
1.938 3.210 .789 1.639 •

J ™ 6a 25.557 - . 127X io+ .04IX 2- . 249X3+.007X6- . OOlX7- .016Xg-.005Xg 
( .2 0 6 )  ( .1 3 1 )  ( .0 5 9 )  ( .0 0 6 )  ( .0 0 2 )  ( .0 2 4 )  ( .1 2 6 )

1.802 2.717 .760 1.838

104



TABLE XVI. (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jul6a 35.621 +.224X10+.022X2-.249X3+.007X6-.00IX7-.022Xg+.007Xg 
(.329) (.192) (.104) (.006) (.001) (.030) (.151)

2.024 2.873 .770 2.614

■̂■u§6a 57.457 -.002Xi-.IOlX2-.218X3+.OOOX^-.OOlX7-.OlZXg+.OllXg 
(.005) (.241) (.163) (.008) (.002) (.039) (.156)

+.015X10
(.448)

2.150 1.708 .732 2.943

SeP6a 73.694 ' -.002X5a+.025X3+.OOlX6-.00IX7-.OlSX8+.123X9-.240X10 
(.001) (.091) (.005) (.001) (.019) (.122) (.342)

-9.835X4
(5.550)

1.520 4.388 .875 2.568

Oct6a 87.264 -.002X5A-.069X3-.003X6-.OOlX7-.OlSX8+.016Xg-.129X10 
(.001) (.083) (.005) (.001) (.016) (.113) (.242)

-6 .O82X4
(5.304)

1.287 6.696 .915 2.384

Nov6a 67.009 -.204XiQ-.068X3-2.ISSX4-.OOIX5a -.OOlX6+.OOlX7-.013Xg 
(.236) (.073) (7.221) (.001) (.005) (.001) (.024)

-.022X9
(.084)

1.265 7.427 .922 2.031

Dec6a -11.616 -.226X 10+.103x3+ 6.791X4-.007X6-.OOSX7+.056Xg+.190Xg 
(.181) (.153) (11.370) (.009) (.001) (.040) (.147)

1.781 4.111 ,828 2.575
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TABLE XVII. ACTUAL AND FORECAST PRICES OF CHOICE LAMB FOR SIX MONTH MODEL

Equation
Utilized

.Month of 
■ Forecast Price

Actual Price 
(dol./cwt.)

Forecast Price 
Cdol./cwt.)

Deviation 
Cdol./cwt.)

Direction of 
Change of Forecasta

J a n 6a ' January 1968 22.91 22.63. .28 C
February 1968 24.35 25.38 -1.03 I

warGa March 1968 26.07 25.44 .63 C

A P r 6 a
April 1968 26.82 27.27 - .45 C

H a y e a
May 1968 26.90 - 26.65 .25 C

Jun6a June 1968 28.62 26.72 1.90 C

J u l 6 a July 1968 27.28 25.05 2.23 C

a u S 6 s August 1968 25.67 24.64 1.03 C

S e p 6 a
September 1968 25.93 26.20 - .27 C

O c t f a
October 1968 26.00 . 26.20 - .20 I

H o ^ G a November 1968 26.00 26.54 - .54 C

D e c s a December 1968 25.41 25.44 - .03 C

J * " 6 a
January 1969 25.65 22.17 3.48 C

F e b G a February 1969 27.79 25.98 1.81 I

M a ^ G a March 1969 29.03 • 28; 10 .93 C

A P r G a April 1969 31.40 26.91 4.49 C

aI indicates incorrect forecast Of direction of change and C indicates correct forecast 
of direction of change.
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The direction of change of forecast was correct ten of twelve 

times. It was of interest to note that one of the incorrect changes was 

a different equation than those of the previous one month model.

In the actual estimates of the 1969. equations, only one equation, 

February, indicated an incorrect direction of price change from current 

values. The estimated values for January 1969 and April 1969 equations, 

with excessively high residuals of $3.48 and $4.49 per hundredweight, 

respectively, were correct in predicting the direction of change. It is 

noteworthy that the equation with the incorrect direction of change did 

not have the large residual, as.in the case of the three month model.

Appendix E includes the other equations of the six month model 

with other data, arrangements and weightings in Tables IX through XII. 

Inspection indicates the similarity of these equations, although specific 

equations were more significant than others. However, no specific method 

of handling the data was consistently, better than others and many qther 

alternative methods of handling the data are yet to be explored.

Comparison of the Three Models

Gf the three prediction period models, it is evident that the 

monthly model is least effective, judged on the basis of the statistical, 

properties of standard error of estimates, F statistic for the analysis 

of variance, coefficient of determination (r 2), the Durbin-Watson statis

tic, and significance of the regression coefficients. The three month 

model gives better statistical properties with more significant regression 

coefficients. The residuals of this model are slightly smaller than the
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six month model and the direction of change of forecast price is more 

dependable than the six month model. Furthermore, the residuals of actual 

predicted equations in 1969 were smaller than the six month model, but 

less predictable in estimating direction of change.

The six month model appears to be somewhat more consistent and 

accurate in actual prediction, though less significant in statistical 

properties than the three month model. Unfortunately, no test exists to 

test the differences of these equations statistically nor to test the co

efficients of each equation against those of another. The real test, 

however, comes in the actual forecasting of prices from the models.

While results of the forecasting models are limited, they could 

be a useful tool, to producers and packers and firms marketing sheep and 

lambs in analyzing the forecasted prices utilizing all of the three models 

together. While considerable improvement and refining appears necessary, 

use of the models would aid in reducing the elements of risk and uncertain

ty in marketing lambs at the farm level. If direction of price movement 

alone could be forecast accurately, the pricing efficiency of the exchange 

system could be improved. Producers would be better able to plan future 

herd expansion or reduction and the consumer would benefit from the re

sulting pricing efficiency through lower retail lamb prices.

The models can be utilized to predict lamb prices although refine

ments are required. More effective use could be made of them, since risk 

and uncertainty could be further reduced. This would result in greater 

pricing and marketing efficiencies which would benefit the entire industry.



CHAPTER VII

SUMMARY AND CONCLUSIONS

This chapter contains g. summary of the economic and statistical 

findings of the annual models and the forecasting models as well as gener

al conclusions. Recommendations for further research are suggested and 

discussed.

Annual Model Summary

This study analyzed the annual farm level demand, supply, and 

price structure of the lamb and sheep industry in the United States. A 

simultaneous equation model consisting of six overidentified equations and 

one identity was specified to describe the industry. Six endogenous vari

ables were included as well as eighteen exogenous variables. Demand equa

tions for spring lamb and fed lamb categories were utilized to better 

examine* the structure of the industry. Supply equations were likewise 

constructed for spring and fed lamb. A supply relation was included for 

net imports of lamb and mutton. The sixth equation was a demand relation 

for sheep at the farm level. Supply of sheep was represented by an iden

tity. Jointly ,determined relationships were considered and coefficients 

of the system were estimated by two stage least squares techniques with 

the variables in actual terms as well as logarithms.

Three time periods were considered in the annual model. They were 

1930 through 1968, excluding the war years of 1942-1947; 1947 through 19-55; 

and the period from 1955 through 1968. Although coefficients and flexibil

ities were not entirely consistent and significant over the three periods
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of examination, the models indicated that the price flexibility of spring 

and fed lamb was more inflexible (price elastic) than earlier studies had 

indicated. The later time periods were associated with more flexible co

efficients, indicating that the elasticity of demand for lamb was lower in 

later periods than over the longer time span. However, some shadow is 

cast on the estimates since the quantity variable was not statistically 

significant nor were the signs consistent in all demand equations.

Price flexibilities for sheep at the farm, level were consistent 

and very inflexible (price elastic) in both actual variate and log linear 

models for every time period, indicating that the price elasticity of 

sheep at the farm level is highly elastic.

For all equations except two, the Durbin-Watson test failed to 

reject the null hypothesis of serial independence in the unexplained re

siduals. Plotting of the residuals appeared to confirm this. ' The supply 

equation of fed lamb and the lamb and mutton import equation for the 

1930-1968 period indicated serial correlation present. Multicollinearity 

was not serious in the model, although some intercorrelation was found to 

exist in the demand equations for spring and fed lamb.

Annual Model Conclusions

Some general conclusions based on the results of the annual struc

tural models are as follows:

I. The significant factors affecting the demand for spring lamb 

are imports of lamb and mutton (Yg), price of fed slaughter beef (X^)s 

personal disposable income (Xg), and the farm price of sheep (Yg)= The
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most consistent results were obtained by the log linear model, but similar 

results were obtained by the actual variate model.

2. The demand for fed lamb indicated a more flexible (less elas

tic) price flexibility for fed lamb slaughtered than for spring lamb, al

though the coefficients were not significant. Thie significant variables 

affecting fed lamb prices were imports of lamb and mutton (Yg), price of 

fed slaughter beef (X- )̂5 personal disposable income (X3), and the farm 

price of sheep (Y5 ), but to a lesser degree than for spring lamb.

3. Supply of spring lamb was significantly affected by the price 

of spring lamb (Y^), imports of lamb and mutton (Yg), the previous year's 

price of wool (X^), and the supply of stock sheep on farms on January I

(%6)-
4. Fed lamb supply was determined by essentially the same vari

ables as spring lamb as well as October range conditions (Xy) and the 

price of number 3 yellow corn (Xg). However, during the recent time peri

od quantity slaughtered (1955-1968) is somewhat less influenced by these 

variables than for the longer time periods.

5. The price of sheep was strongly affected by imports of lamb 

and mutton (Yg) in the longer periods, but much less in later years. The 

price of fed beef slaughter (X^) for all three periods examined indicated 

a strong positive influence. %he market price of wool (X^) and the aver

age farm price of lambs (X-̂ q ) are variables that tend to influence sheep 

prices. These variables were less important in the recent period, 1955-

1968.
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6. Imports of lamb and mutton were found to be significantly and 

consistently dependent upon the farm price of sheep (Y^) and the ratio of 

the wage rate in the meat packing industry and the cattle railroad freight 

rate (Xg).

In general, the relationships are not as strong in the shorter 

period from 1955-1968, reflecting the possible change in the structure of 

the industry.

It was of particular interest to note the lack of statistical sig

nificance of the quantity of spring lamb and fed lamb variables in the 

respective spring lamb and fed lamb equations. Improvement appears neces

sary in determining data for these series. Balance sheet data were used 

in these estimates and the margin of measurement error is likely consider

able in view of the methods by which they are obtained.. This points up a 

problem area relative to data used in such a study of the sheep industry,. 

Considerable improvement in data is needed, in order to clarify the impor

tance of these variables.

Implications

This analysis implies that demand for lamb, bpth spring and fed, 

is more elastic (price inflexible) than previous studies have indicated. 

This suggests that in order for the producers to increase gross returns, 

supply of lambs should be increased in face of existing demand, It was 

determined that the price of spring lamb was statistically significantly 

influenced by. the amount of imports of lamb and mutton, but that the im

pact of imports on prices of spring and fed lamb was small. This supports
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the reasoning applied in Public haw 88-482 which specifies conditions for 

proclaiming import quotas for certain meats.I/ In the sheep industry, the 

only meats which are directly affected are meat of goats and sheep other 

than lamb, which appears to be a reasonable condition in light of findings 

of this study.

Lamb is determined to be a normal good. The income variable indi

cated positive influence on the demand for lamb in both spring and fed 

lamb. A strong substitute relationship was found between fed beef and 

spring and fed lamb. These facts suggest that the demand for and supply 

of lamb can be increased to the benefit of the producer through greater 

returns, This suggests the analysis of other factors affecting the demand 

and supply of lambs which have not been considered in this study. These 

might include such institutional factors as educating the consumers' 

through better advertising and availability of lamb throughout the entire 

country on. the demand side and on the supply side providing possible solu

tions to problems in lamb and sheep production such as decreasing availa

bility of skilled labor and competition for grazing lands. These and 

other factors suggest the need for further investigation.

Summary of Forecasting Models

The results of the one month prediction model were less than ex

pected and did a relatively poor job both from the standpoint of statis

tical significance and actual prediction, although individual equations.

—/Economic Research Service. "Foreign Trade in Meats." Livestock 
and Meat Situation. U.S.D.A., Washington, D.C., May 1969, p. 20.
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e.g. January and November, responded rather well. The direction of change 

of forecast was estimated incorrectly four times in the 1968 data illus

trated in the previous chapter. In the actual forecasting, four months 

have been estimated with wide deviations from actual price in three of the 

months. Furthermore, two of the predictions were incorrect in the direc

tion of forecast as well.

While the final and most critical test, of the equations is the 

actual prediction of prices, the equations in the monthly model leave 

considerable room for improvement.

The three month prediction model was an improvement over the one 

month model in statistical significance, in predictive accuracy as indi

cated by the error terms, and in the change of direction of the forecast. 

More regression coefficients of the variables of the individual equations 

were significant, F values were larger and more significant, and coeffi

cients of determination were higher. In the case of the four months 

actually predicted, some improvement was made, although two deviations 

were fairly large and two equations of the four indicated incorrect direc

tion of change of forecast.

Statistical significance of the six month prediction model was 

somewhat less than the three month equations. Nevertheless, predictions 

were about the same or slightly larger as indicated by a comparison of 

the residuals. Correct direction of change of forecast was less than the 

three month model with two of the twelve equations for 1968 indicating 

incorrect direction of change of forecast. Further improvement was noted 

in the size of the deviations from actual price, although for two equations
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it still remained rather high.

In,prediction of every monthly price, three estimates of the ex

pected price were made. The six month prediction was made first, then as 

time passed the three month prediction, and finally the one month predic

tion. If the January 1969 price of lamb is considered, the first estimate 

six months in advance is $22.17. The three month predicted price is 

$24.06. The one month model predicted the price to be $26.22 which as it' 

turned out was $.43 high.

However,. four equations of the twelve are hardly enough to com

plete adequate tests of the predictive accuracy of all the equations' in ' 

the model. The real test will come in the future.

The analysis does indicate that considerable improvement is pos

sible in reducing errors of estimate and direction of change. From a 

practical standpoint, it is evident that the mathematical relationships 

expressed in this naive model are not adequate for forecasting, but 

should be used as a tool in estimating prices. Clearly, good judgment 

and logical thinking coupled with a background of experience in the in

dustry would be other very important tools to be used with the statistical 

tools indicated here.

Hundreds of variables enter into the price making process for a 

particular commodity. Some of these may be very important at one time and 

yet never again be a factor in determining prices. Many factors are so 

insignificant as to be almost negligible in their influence. Many cannot 

be quantified. Data on those that can be quantified are often inadequate 

or nonexistent, particularly within the sheep and lamb industry. It is.
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.clearly evident that much more sophisticated economic models could be 

formulated, but for lack of adequate data series must await future devel

opment in terms of statistical models.

It is not apparent that some, variables were consistently more 

important in the shorter forecasting period than in the longer ones. In 

fact, especially in the equations for the early months--January, February, 

and March— and some of the summer months— -July and August--the most signif 

leant variables in the one month equations appeared in a similar position 

in the longer period forecasts. Otherwise there was little indication 

that specific variables appeared more significant in the longer forecast

ing periods than in the shorter ones.

Suggestions for Future Research

Annual Models

Data for the examination of an annual structural model is lacking. 

It is felt that one of the weak points in the annual structural model is 

the possible error in the quantity slaughtered of spring and fed lambs. 

Balance sheet data were utilized in this variable (as in several others) 

and no correction was made for possible errors which were included.

Further study is suggested in this quantity relationship. Analyses are 

needed to examine the regional demand and supply for sheep and lambs 

during different times of the year. The use of distributed lags, first 

differences of actual variates, as well as logarithms might well lead to 

greater precision. Greater accuracy in structural relations would be of 

assistance in developing better intra-year price forecasting models.
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Forecasting Models

Some suggestions for further research are offered relative to price 

forecasting models„ Respecification of the model in terms of other and/or 

additional variables might well improve predictive results. The use of ■ 

lagged prices in the equations may serve to improve results and could 

profitably be explored. Examination should be made of various interaction 

terms that better predict the direction of change of price movement. In 

such a model as this, data arrangement and/or weighting techniques could 

be further examined to obtain a greater number of observations which should 

increase the accuracy of the forecast. Study should be made of techniques 

which will allow for the inclusion of new data series into the model .as 

they become available. The incorporation of provision for cross-sectional 

data into the model could well be examined. The introduction of decision 

probabilities such as the Bayesian criteria offers an area for further 

examination. Many other variations of techniques, data arrangement, time, 

and models are, of course, possible. It is evident that further continued 

examination is possible and needed.

Implications for the Industry

This analysis suggests that the quantity of lamb slaughtered is 

relatively unimportant in determining both spring and fed lamb prices.

While demand for lamb has dropped in recent years, supply has diminished 

also. Price elasticities were estimated to be higher than those of ear

lier studies, which implies that producers must expand production in order 

to maximize gross returns. Since demand likewise has been declining, other
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factors which will stimulate demand should be examined„ These factors 

were considered beyond the scope of this study.

Lamb was determined to be a normal good and therefore-sales of 

lamb increase with rising income, but not proportionately so. Lamb was 

found to compete with fed beef, and to a much lesser degree with poultry. 

Imports of lamb and mutton were not important in explaining price changes 

of lamb, even though in recent years imports of lamb have increased con

siderably.

The supply of spring and fed lamb was found to be responsive'to 

wool prices including incentive payments, implying that farmers hold back 

lambs from slaughter when wool prices are favorable; but a normal positive 

relationship was not found between lamb slaughter and prices. Further 

study needs to be made of other reasons for the decline in the slaughter 

of lambs.

It seems apparent that as the trend in the decline of the demand 

and supply of sheep and .lamb industry continues, further reduction in the 

gross income to producers is imminent unless measures can be instituted to 

stimulate demand and motivate the growth in supply necessary to maintain 

or increase the size of the industry.
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TABLE I. DATA' USED IN ANNUAL MODEL

Year

Price of
Spring Lamb (Y^)  ̂
(dol./cwt.)

Price of 
.,,Fed Lamb (Yg)^ 
(dol./cwt.)

Quantity of 
Spring Lamb (Yg)^ 
(lbs./capita)

Quantity of 
Fed Lamb (Y^) 
(lbs./capita)

1930 20.70 18.30 4.19 4.14
1931 18.91 15.86 5.23 3.66
1932 16.63 15.47 4.48 4.25
1933 19.17 13.43 4.50 3.92
1934 19.25 18.16 4.95 3.53

1935 19.57 23.27 3.78 3.?3
1936 23.09 21.78 4.27 3.89
1937 23.82 19.76 4.10 3.83
1938 19.70 20.85 4.42 4.17,
1939 22.63 21.96 4.34 4.00
1940 22.93 21.86 4.31 4.03
1941 23.91 23.53 3.96 4.52
1947 27.23 27.52 2.39 3.76
1948 30.02 29.26 2.34 3.15
1949 30.82 28.73 2,19 2.63
1950 31.42 36.38 2.01 2.36
1951 35.20 31.04 1.71 2 . 2 0
1952 29.68 24.14 2.03 2.52
1953 25.88 22.16 2.56 2.62
1954 24.05 2 2 . 2 0 2:81 2.58 .

1955 23.17 20.32 2.82 2.63
1956 23.44 20.76 2.94 2.48
1957 ■ 23.46 22.51 2.44 2.49
1958 22.87 20.16 2.65 2.34
1959 22.56 19.59 -2.58 2.55
1960 19.64 16.67 2 . 6 6 2.42
1961 17.49 16.64 2 . 8 6 2.38
1962 20.55 18.84 2.60 2.27
1963 18.40 19.72 2.53 2.14
1964 23.08 21.59 2.31 1.93
1965 OOCOCOCM 24.88 2.04 1.75
1966 23.55 20.82 1.97 1.73
1967 23.48 21.50 1.93 1.69
1968 25.06 23.77 1.90 1.50
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TABLE I. (continued)

Sources:

!•United States Department of Agriculture, Livestock and Meat 
Statistics 1957. Statistical Bulletin 'No. 230, Economic Research Service, 
Washington., D.C., 1958; Supplement June 1962; Livestock and Meat Statis
tics 1962. Statistical Bulletin No. 333, 1963; Supplements September 1965 
and June 1968; Unpublished data from Livestock Market News Service, Denver, 
Colorado; United States Department of Agriculture. Livestock Market News. 
Livestock Division, Consumer and Marketing Service, Washington, D.C.* 
January 1968 to April 1969; Economic Report of the President. U.S. Govern
ment Printing Office, Washington, D.C., 1969.

2Ibid.

2United States Department of Agriculture. Livestock and Meat 
Statistics 1957. Statistical Bulletin No. 230, Economic Research Service, 
Washington, D.C., 1958; Supplement June 1962; Livestock and Meat Statistics 
1962. Statistical Bulletin No. 333, 1963; Supplements September 1965 and 
June 1968; United States Department of Agriculture. Livestock and Meat 
Situation. Economic Research Service, Washington, D.C., February 1968 to 
May 1969; Economic Report of the President. U.S. Government Printing 
Office, Washington, D.C., 1969.

4 Ibid.
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TABLE TI. DATA USED IN ANNUAL MODEL

Year

Price of 
Sheep (Y5)5 
(dol./cwt.)

Quantity of 
Net Imports (Yg)^ 
(lbs./capita)

Price of 
Choice Steers 
(dol./cwt.)

Index of Poul
try Prices (Xg)

1930 10.02 99.07 24.21 2.451.
1931 7.79 99.69 21.63 2.604
1932 6.29 99.85 20.31 2.226
1933 6.59 99.75 15.40 1.921
1934 6.95 99.54 16.93 1.800
1935 8.56 99.58 24.63 2.058
1936 8.53 99.66 19.95 2.092
1937 9.58 99.64 24.98 1.920'
1938 8.3,2 99,63 21.26 2.149
1939 9.24 99.81 23.25 2.041

1940 9.19 97.57 24.26 1.863
1941 10.58 96.52 23.70 2.098
1947 10.33 95.06 31.81 2.198
1948 11.02 101.34 35.13 2.362
1949 11.10 102.14 30.90 1.915

1950 13.36 102.01 33.81 1.755
1951 16.55 104.22 36.94 1.683
1952 10.64 103.67 34.45 1.685
1953 7.20 101.13 • 25.48 1.630
1954 6.61 100.76 26.08 1.390

1955 6.23 101.10 24.24 1.488
1956 5.83 100.47 22.87 1.163
1957 6.16 101.30 23.72 1.056
1958 7.17 113.29 26.98 1.023
1959 5.96 131.50 27.36 ' .921

1960 5.57 126.70 25.75 .968
1961 5.16 129.50 24.39 .784
1962 5.64 140.69 27.04 . 857
1963 5.78 142.65 23.89 .823
1964 5.88 122.64 23.00 .811

1965 6.18 121.21 25.51 .838
1966 6.46 137.49 24.82 .832
1967 5.98 131.72 24.54 .721
1968 6.16 139.51 25.52 .732
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TABLE TI. (continued)

Sources:
C United States Department of Agriculture. Livestock and Meat 

Statistics 1957. Statistical Bulletin No. 230, Economic Research Service, 
Washington, D.C., 1958; Supplement June 1962; Livestock and Meat Statistics 
1962. Statistical Bulletin No. 333, 1963; Supplements September 1965 and 
June 1968; United States Department of Agriculture. Livestock and Meat 
Situation. Economic Research Service, Washington, D.G., February 1968 to 
May 1969; Economic Report of the President. U.S, Government Printing 
Office, Washington, D.C., 1969.

^United States Department of Agriculture. Livestock and Meat 
Statistics 1957. Statistical Bulletin No. 230, Economic Research Service, 
Washington, D.C., 1958; Supplement June 1962; Livestock and Meat Statistics 
1962. Statistical Bulletin No. 333, 1963; Supplement's September 1965 and 
June 1968; United States Department of Agriculture. Livestock Market News. 
Livestock Division, Consumer and Marketing Service, Washington, D.C., 
January 1968 to Aptil 1969; Economic Report of the President. U.S. Govern
ment Printing Office, Washington, D.C., 1969. ,

^United States Department of Agriculture. Livestock and Meat 
Statistics 1957. Statistical Bulletin No. 230, Economic Research Service, 
Washington,D.C., 1958; Supplement June 1962; Livestock and Meat Statistics 
1962. Statistical Bulletin No. 333, 1963; Supplements September 1965 and 
June 1968; Unpublished data from Livestock Market News Service, Denver, 
Colorado; United States Department of Agriculture, ■ Livestock Market News. 
Livestock Division, Consumer and Marketing Service, Washington, D.C., 
January 1968 to April 1969; Economic Report of the President. U.S. Govern
ment Printing Office, Washington, D.C., 1969.

United States Department of Agriculture. Agricultural Statistics. 
U.S. Government Printing Office, Washington, D.C., 1940, 1967, 1968; United- 
States Department of Agriculture. Poultry and Egg Situation. Economic 
Research Service, Washington, D.C., February 1968 to April 1969.
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TABLE III. DATA USED IN ANNUAL MODEL

Year

Personal 
Disposable 
Income (X^)  ̂
(dol„/capita)

Price of Wool 
IncI. Govt. 
Pymts. (X4 )10 
(dol./lb.)

Price of Wool 
ExcI. Govt. 
Pymts. (X5)11 
(dol./lb.)

Stock Sheep 
on Farms (Xg)1  ̂
(hd,/capita)

1930 1040. .580 .412 .370
1931 974. .412 .341 .385
1932 820. .340 .242 .382
1933 803. .242 .571 .377
1934 8 8 8 . .570 .534 .382
1935 960. .534 .441 ■ .363
1936 1072. .440 .608 .355
1937 11.04. .608 .677 .351
1938 1026. .677 .444 .346
1939 1110. .419 .528 .347

1940 1174. .426 .660 .350
1941 1355. . 660 .743 .356
1947 1514. .640 .517 .221
1948 1539. .521 .560 .201
1949 1523. .560 .592 .181
1950 1628. .592 .715 .172
1951 1623. .715 1.004 .176
1952 1641. 1.004 .576 .177
1953 1698. .577 .592 .172
1954 1693. .592 .573 .166

1955 1786. .573 .459 .163
1956 1840. .665 .460 .160
1957 1838. .644 .542 .154
1958 1818.. . 626 .363 .155
1959 1877. .618 .430 .158
1960 1879. .616 .417 .160
1961 1903. .616 .428 .154
1962 1958. .618 .474 .143
1963 2002. . .616 .484 .133
1964 2109. .618 ' .529 .122

1965 2213. .617 .460 .112
1966 2297. .605 .492 .109
1967 2359. .614 .375 .104
1968 2422. .622 .368 .095
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TABLE III. (continued)

Sources:

^Economic Report of the President. U.S. Government Printing 
Office, Washington, D.C., 1969.

•^United States Department of Agriculture. Agricultural Statistics. 
U.S. Government Printing Office, Washington, D.C., 1962, 1967, 1968;
United States Department of Agriculture. Wool Situation. Economic 
Research Service, Washington, D.C., February 1968 to April 1969; Economic 
Report of the President, U.S. Government Printing Office, Washington, D.C., 
1969; Statistical Abstract of the United States, U.S. Government Printing 
Office, Washington, D.C., 1940 to 1967.

■^United States Department of Agriculture. Agricultural Statistics. 
U.S. Government Printing Office, Washington, D.C.,' 1962, 1967, 1968;
United States Department of Agriculture. . Wool Situation. Economic 
Research Service, Washington, D.C., February 1968 to April 1969; Economic 
Report of the President, U.S. Government .Printing Office, Washington, D.C.,, 
1969.

■^United States Department of Agriculture. Livestock and Meat 
Statistics 1957. Statistical Bulletin No. 230, Economic Research Service, 
Washington, D.C., 1958; Supplement June 1962; Livestock and Meat Statistics 
1962, Statistical Bulletin No. 333, 1963; Supplements September 1965 and 
June 1968; United States Department of Agriculture. Livestock and Meat 
Situation. Economic Research Service, Washington, D.G., February 1968 to 
May 1969.

:
)

)
)

)

)
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TABLE IV. DATA USED IN ANNUAL MODEL

Year

Range 
Conditions 
Index (X 7 )^

Ratio of Wage 
Rates to Freight 
Rates Index (Xg)^

Price of No. 3 
Yellow Corn (X g ) 
(dol./bushel)

Annual Price 
of Lamb (X^q ) 
(dol,/cwt„)

1930 79. .442 1.27 16.41
1931 71. .442 .90 14.14
1932 84. .369 .98 12.56
1933 76. .336 1.44 13.96
1934 55» .484 2 . 1 0 14.39

1935 83. .507 1.69 16.62
1.936 74. .628 2.74 18.21
1937 75. .628 1.21 18.81
1938 82. .562 1.12 16.40
1939 72. .562 1.28 18.44
1940 82. .552 1.56 18.84
1941 92. .588 1.65 20.04
1947 80. .968 2.87 25.25
1948 77. .884 1.57 25.94
1949 80. .836 1.54 26.83
1950 84. .848 1.99 28.92
1951 79. . .901 1.89 32.06
1.952 72. .889 1.69 25.85
1953 73. .930 1.65 20.82
1954 70. .960 1.59 20.56

1955 77. 1.017 . 1.33 19.74
1956 63. .991 1.36 19.23
1957 82. .969 1.22 20.10
1958 84. .980 1.20 20.92
1959 79. 1.043 ■ 1.16 18.59
1960 77. 1.094 1.09 17.78
1961 79. 1.073 ■ 1.11 15.75
1962 81. 1.132 1.18 17.69
1963 79. 1.166 1.20 18.14
1964 77. 1.217 1.25 19.80

1965 32. 1.241 1.24 22.24
1966 80. 1.278 1.28 2 2 . 1 0
1967 82. 1.317 1.06 20.83
1968 81. . 1.402 1.03 21.53
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TABLE IV. (continued)
Sources:

I Q
United States Department of Agriculture. Agricultural 

Statistics. U.S. Government Printing Office, Washington, D.C., 1967, 1968.. 
United States Department of Agriculture. Western Range and Livestock. 
Statistical Reporting Service, Crop Reporting Board, Washington, D.C., 
November 1968.

•^United States Department of Agriculture.. Agricultural 
Statistics. U.f3. Government Printing Office, Washington, D.C., 1953,, 1962,
1968; Statistical Abstract of th& United States, U.S. Government Printing 
Office, Washington, D.C., 1931 to 1968.

•^United States Department of Agriculture. Agricultural 
Statistics. U.S. Government Printing Office, Washington, D.C., 1936, 1957, 
1962, 1968; United States Department of Agriculture. Feed Situation, 
Economic Research Service, Washington, D.C,, February 1969.

•^United' Stafes Department of Agriculture. Livestock and Meat 
Statistics 1957. Statistical Bulletin No. 230, Economic Research Service, 
Washington, D.C., 1958; Supplement June 1962; Livestock and Meat Statistics 
1962, Statistical Bulletin No. 333, 1963; Supplements September 1965 and 
June 1968; United States Department of Agriculture, Livestock and Meat 
Situation. Economic Research Service, Washington, D.G., February 1969; 
Economic Report of the President. U.S, Government Printing Office, 
Washington, D.C., 1969.
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TABLE V. DATA USED IN ANNUAL MODEL

Year

'Quantity of Sheep 
Slaughtered (X-q ) ^  
(head/capita)

Stock Sheep on Farms 
in Time Period t+1 (Xj j) ^  
(million head)

Lambs Added to 
Stock Sheep (Xj^)^  
(1000 head)

1930 . 1.37 45.577 8532
1931 2.28 47.720 8576
1932 1.57 47.682 8212
1933 1.58 47.303 7853
1934 3.85 48.249 8815

1935 2.48 46.139 8553
1936 2.64 45.435 7602
1937 2.55 45.251 8471
1938 2.43 44.972 8052
1939 2.16 45.463 8384
1940 2.23 46,266 8329
1941 2.15 47.441 8767
1947 2.87 31.805 5614
1948 2.70 29.486 5202
1949 1.70 26.940 4801

1950 1.16 26.182 5017
1951 1.59 27.251 5667
1952 1.53 27.944 5876
1953 1.40 27.593 4808
1954 1.27 27.079 4464

1955 1.26 27.137 4722
1956 1.29 27.012 4506
1957 .83 26.538 4343
1958 .95 27.167 4914
1959 1.05

C
28.108 5196

1960 1.48 28.849 5283
1961 1.80 28.320 5005
1962 1.81 26,719 4423
1963 1.37 25.122 4157
1964 1.46 23.455 3941

1965 ' 1.07 21.843 3682
1966 1.24 21.456 3770
1967 1.31 20,661 3634
1968 .93 19.184 3117

)
)
)
)



TABLE V. (continued)
Sources:

United States Department of Agriculture. Livestock and Meat 
Statistics 1957. Statistical Bulletin No. 230, Economic Research Service,
- Washington, D.C., 1958; Supplement June 1962; Livestock and Meat Statistics 
1962, Statistical Bulletin No. 333, 1963; Supplements September 1965 and 
June 1968; United States Department of Agriculture, Livestock and Meat 
Situation. Economic Research Service, Washington, D.C., February 1968 to 
May 1969; Economic Report of the President. U.S. Government Printing 
Office, Washington, D.C., 1969.
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TABLE VI. DATA USED IN ANNUAL MODEL

Year

Sheep
Deaths (X^c)20 
(1000 head)

Sheep Slaughtered 
on Farms (X^)2"*" 
(1000 head)

Sheep
(1000

Slaughtered (X^g)22 
head)

1930 4149 2 2 2 2062
1931 4472 290 .3488
1932 5467 338 2427
1933 5106 352 2416
1934 4426 .354 5878

1935 4216 342 3748
1936 4373 305 3977
1937 4172 295 3864
1938 3891 295 3707
1939 3951 . 292 3283
1940 3910 272 3410
1941 4191 292 3254
1947 2845 229 4447
1948 2116 213 4218
1949 2898 177 2700

1950 2558 177 1863
1951 2495 146 2542
1952 2533 133 2493
1953 2494 , 131 2353
1954 2365 125 2174

1955 2455 125 2173
1956 2472 124 2289
1957 2493 121 1481
1958 2434 120 1701
1959 2529 122 ■ 1891

1960 2458 119 2706
1961 2437 118 3374
1962 2430 113 3481
1963 2268 113 2650
1964 2265 107 2829
1965 2199 104* 2085
1966 1940 95* 2404
1967 1994 87* 2582
1968 1927 80* 1830

*Estimated using linear interpolation--data series discontinued
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TABLE VI. (continued)

Sources:
o n
 ̂United States Department of Agriculture. . Livestock and Meat 

Statistics 1957. Statistical Bulletin No. 230, Economic Research Service, 
Washington, D ,C , 1958; Supplement June 1962; Livestock and Meat Statistics 
1962, Statistical Bulletin No. 333,. 1963; Supplements September 1965 and 
June 1968; United States Department of Agriculture, Livestock and Meat' 
Situation. Economic Research Service, Washington, D.C., February 1968 to 
May 1969; Economic Report of the President. U.S. Government Printing 
Office, Washington, D.C., 1969.

' ̂  I Ib id.

22Ibid.



APPENDIX E

Scatter Diagrams for Annual Model 
Actual Data, 1930-68
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Figure I. Scatter Diagram for Spring Lamb (Price-Slaughter)
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Figure 2. Scatter Diagram for Fed Lamb (Price-Slaughter)
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Figure 3. Scatter Diagram for Sheep (Price-Slaughter)
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APPENDIX C

Simple Correlations Between Variables in 
Actual Variate Model, 1930-68
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Spring Lamb Demand Relation

Y1 Y3 Y5 y6 x I • X2 X3 x12

Y1 1.00

y3 -.60 1.00

y5 .77 I O o\ 1.00

y6 -.21 ' -.55 -.61 1.00

Xi .83 I O .65 .03 1.00

X2

OXO .65 .58 -.90 -.01 ' 1.00

x3 .24 -.87 -.34 CMOO .34 -.87 1.00

CMi-4
X -.45 .95 .13 I Vi •vj -.58 .69 -. 86 1.00

Fed Lamb Demand Relation

Y2 Y4 V y6 X 1 X2 X3 X12

Y2 1.00

y4 -.25 1.00

y5 .72 .30 1.00

y6 ■ -.15 -.76 -.6Q 1.00

x I .78 -.36 .65 .03 1.00

X2 .10 .87 .58 -. 89 -.01 1.00

X3 .22 -.94 -. 34 - .82 .34 -.87 1.00

X 12 -.39 .90 .13 -.57 -.58 .69 .87 ■ 1.00
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Spring Lamb Supply Relation

y3 yI y6 X4 %6

Y3 1.00

Y1 .

OI 1.00

y6 -.55 CSJCMI 1.00

x4 *.58 ' .43 .24 1.00

%6 .93 . -.37 -.72 -.52 1.00

Fed Lamb Supply Relation

Y4 y2 -3 ' ' y6 . x4 ' x6 X7

y4 1.00

y2 -.25 1.00

y3 ,86 -.60 1.00

y6 -.74 -,17 -.55 1.00

x4 -.45 .38 -.59 • .24 1,00

x6 .95 -.33 .94 -.72 -.52 1.00

X7 -.01 . .25 -.26 .22 .01 -.13 1.00

X9 .26 .51 -.01 -.49 .06 .19 -.18



140

Sheep Demand Relation

Y5 Y6 x I X2 X5 x IO xH  X 12

Y5 1,00

y6 -.60 1.00

x I . 64 .03 1.00

X2

COin t kO O -.01 1.00

X5

COr*̂ I LO .42 .20 1.00

x IO .68 I O COgo -.07 .61 1.00

xIl .26 COI -.17 .61 H OO -.20 1.00

x I2 . .13 -.57 COUOI .69 -.01 -.59 .58 1.00

y 6

Import Relation

Y5 %8 XlO
Y6 1.00

y5 -.56 1.00

x8 .76 -.33 1.00

XlO 69.03 42 1.00



APPENDIX D

Data for Forecasting Models
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TABLE I. AVERAGE MONTHLY PRICES (PER CWTj OF CHOICE SLAUGHTER IAMBS, 
CHICAGO (Y1)

Year Jan Feb Mar Apr May- Jun

1954 20.62 21.25 24.25 24.50 25.88 29.00
1955 20.88 21.75 22.75 21.50 23.00 23.50
1956 19.00 20.00 20.12 20.75 26.00 23.75
1957 20.12 20.00 23.00 22.75 24.00 23.00
1958 23.50 23.00 22.12 21.00 22.25 24.75

1959 18.62 18.62 21.25 21.50 24.75 25.25
1960 19.50 20.62 22.25 21.25 21.50 21.50
1961 17.25 17.25 16.50 15.25 18.75 19.25
1962 16.88 17.50 17.38 17.62 21.75 23.50
1963 19.25 18,50 18.75 18.25 21.25 20.00

1964 19.50 21.12 22.25 22.25 24.00 23.75
1965 22.25 23.88 25.00 23.25 24.00 23.75
1966 . 27.28 28.25 26.75 25.75 27.12 24.25
1967 22.50 ■ 21.25 21.25 22.75 29.25 26.75
1968 22.91 24.35 ' 26.07 ■ 26.82 26.90 28.62

Jul Aug Sep Oct Nov Dec

1954 21,25 19.50 19.50 19.38 19.75 19.25
1955 21.12 20.75 19.75 19.50 18.62 . 18.25
1956 22.75 22.00 20.50 20.00 19.25 19.38
1957 23.75 23.75 22.00 ■ 21.50 22.00 22.62
1958 24.50 24.00 ' 22.00 22.25 21.88 19.75

1959 22.50 20.00 20.62 19.75 18.50 17.75
1960 20.25 18.25 16.50 16.50 16.50 16.50
1961 17.75 17.75 16.62 16.25 16.00 16.25
1962 21.75 20.50 19.50 19.00 18.75 . 19.25
1963 16.50 16.50 18.75 18.25 18.88 19.38

1964 23.38 23.50 22.50 20.50 19.75 20.62
1965 24.75 23.75 23.00 > 23.50 23.75 25.88
1966 23.75 24.75 22.50 23.25 22.25 20,00'
1967 24,75 24.00 22.50 22.25 22.50 22.00
1968 27.28 25.67 25.93 26.00 26.00 25.41

Source: Unpublished data from Livestock Market News Service, Denver,
Colorado.

)
)
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TABLE II. U.S. DEPARTMENT OF AGRICULTURE INDEX OF WESTERN RANGE 
CONDITIONS (X2)

Year Jan Feb Mar Apr May Jun

1954 80
1955 69 69 68 67 67 76
1956 71 71 71 71 70 75
1957 63 62 67 72 77 85
1958 82 81 82 84 86. 86

1959 78 76 76 76 77 81
1960 . ' 75 ' 74 73 76 79 82
1961 , 76 74 75 78 86 79
1962 75 72 74 74 79 80
1963 78 71 74 75. 76 79

1964 73 72 72 73 74 76
1965 71 ■ 72 ■ 73 73 77 83
1966 80 77 77 78 78 77
1967 74 72 70 72 74 79
1968 76 75 77 79 79 82
1969 76 73 74

Jul Aug Sep Oct Nov Dec

1954 77
1955 80 79 78 77 76 73
1956 72 . 69 67 63 63 63
1957 87 83 81 82 84 83
1958 86 83 81 84 . 82 80

1959 81 .. 79 79 79 80 76
1960 82 80 79 77 77 78
1961 80 79 78 79 77 77
1962 85 83 79 81 80 80
1963 ■ 81 77 76 79 75 75

1964 ' 80 74 75 77 74 74
1965 87 83 82 82 81 81
1966 77 - 75 78 80 77 75
1967 83 83 80 82 80 79
1968 84 81 81 81 80 79

Source: U.S. Department of Agriculture. Western Range and Livestock.
Statistical Reporting Service, Crop Reporting Board , Washington,
D.C., 1955-1969,
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TABI4E III. LIVE WEIGHT LAMB SLAUGHTER (MILLIONS OF POUNDS) UNDER FEDERAL 
INSPECTION (X3)

Year Jan Feb Mar Apr May Jun

1954 118.68 107,62 112.30 102.86 94.16 99.34
1955 118.55 108.77 125.28 113.77 112.52 101.72
1956 130.65 116.10 121.40 108.03 92.35 87.58
1957 . 129.56 108.02. 99.57 99.68 100.55 87.21
1958 105.47 95.32 100.57 113.70 104.37 88.82
1959 133.41 . 110.56 114.61' 108.78 91.84 93.55
1960 123.82 109.20 110.77 102.50 103.15 . 98.76
1961 129.79 114.24 134.23 124.12 125.79 110,14
1962 135.21 118.07 122.54 112.47 106.29 90.68
1963 130.27 106.50 113.76 107.39 98.08 8 6 . 0 2
1964 127.92 99.18' 104.14 103.82 91.41 91.46
1965 106.71 85.55 99.14 95.05 84.94 85.51
1966 93.16 81.23 107.46 96.41 91.16 94.70
1967 109.93 103.17 108.99 84.95 80.92 81.67
1968 105.84 86.07 81.94 85.70 86.05 78.20

Jul Aug Sep Oct Nov Dec

1954 100.94 103.45 107.75 109.86 103.21 109.79
1955 92.06 102.84 112.21 108.58 104.86 103.66
1956 96.60 105,29 97.87 119.95 100.49 100.86
1957 103.82 96.84 ' 94.07 107.14 87.91 92.68
1958 86.96 83.10 91.29 99.24 81.20 102.41
1959 96.60 89.78 106.40 109.37 98.88 115.00.
1960 96.62 106.23 115.49 119.53 111.10 105.24
1961 98.43 109.38 111.72 122.14 107.43 106.11
1962 102.94 107.35 108.39 128.45 103.06 102.76
1963 105.77 108.28 106.23 124.16 99.38 103.46

1964 96.95 88.26 100.45 110.14 92.47 102.82.
1965 88.86 88.15 100.63 94.47 90.32 89.72
1966 85.75 93.37 98,11 93.30 . 85.66 87.97
1967 80.77 90.06 ■93.08 90.11 82.87 85.60
1968 84.74 85.90 89.20 96.35 79.00 83.90
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TABLE III. (continued)

Sources: U. S. Department of Agriculture. Livestock and Meat Statistics
1962. Statistical Bulletin No. 333, Economic Research Service, 
Washington, D.C., July 1963; Supplement June 1968; U.S. Depart
ment of Agriculture. Livestock Market News. Livestock Division, 
Consumer and Marketing Service, Washington,D.C., February 1968, 
March 1969.
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TABLE IV. AVERAGE RRIGE (PER BUSHEL) OF NUMBER 3 YELLOW CORN, CHICAGO (X4 )

Year • Jau Feb Mar Apr May Jun

1954 1.55 1.55 . 1.56 1.57 1.58 1.61
1955 1.52 1.50 1.46 1.46 1.48 1.47
1956 . 1.24 1.26 1.32 1.45 1.52 1.53
1957 1.34 1.28 1.29 1.30 1.33 1.32
1958 1.11 1.13 1.16 1,29 1.31 . 1.35

1959 1.17 1.18 . 1.21 1.28 1.29 1.29.
1960 1.14 1.13 1.15 1,21 1.21 1.20
1961 1.10 1.13 1.11 1.08 1.13 1.12
1962 1.08 1.07 1.11 1.12 1.15 1.14
1963 . 1.18 1.19 1.22 1.20 1.23 1.29

1964 ■ 1.22 1.19 1.21 1.24 . 1.28 1.26
1965 1.26 1.29 1.31 1.33 1.36 1.34
1966 1.29 1.29 1.25 1.28 ■1.28 1.32
1967 . 1.40 1.38 1.38 1.36 1.37 1.35
1968 1.10 1.12 1,14 1.13 1.17 1,14

Jul Aug • Sep Oct Nov Dec

1954 1.61 1.65 1.64 1.54 1.48 1.52
1955 1.47 1.30 1.31 1.19 1.17 1.25
1956 1.52 . 1.57 1.56 1.30 1.34 1.36
1957 . 1.34 1,31 . 1.26 1,19 1,16 1.15
1958 1.34 1.34 1.27 1.15 1.12 1.17

1959 • 1.26 1.27 1.16 1.10 1,10 1.10
1960 1.19 1.18 1,16 1.06 .96 1.02
1961 1.14 1.12 1.10 1.09 1.10 1.08
1962 ■ 1.12 1.10 1.11 . 1.10 1.07 1.12
1963 1.32 1.32 1.35 1.18 1.15 1.19

1964 1.22 1.25 1.26 1.21 1.17 1.24
1965 1.33 1.28 1.28 1.19 1.14 1.22
1966 1.39 1.48 1.44 1,37 1.31 • 1.42
1967 1.28 1.22 1.19 1.15 1.06 1.11
1968 I, 10 1.06 . 1.06 1.06 1.13 ■ 1.14
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TABLE IV. (continued)

Sources: U.S, Department of Agriculture. Feed Statistics Through 1966,
Statistical Bulletin No. 410, Economic Research Service, 
Washington, D.C., September 1967; U.S. Department of Agriculture. 
Feed Situation. Economic Research Service, Washington, D.C., 
1967-1968.
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TABLE- V. NUMBER OF LAMBS (1000 HEAD) ON FEED, JANUARY I (X1); NUMBER OF

BREEDING EWES (1000 HEAD.) ONE YEAR AND OLDER ON FARMS, JANUARY I 
(X5a); NUMBER OF LAMBS (1000 HEAD) IN YEARLY LAMB CROP (X55)

Year Lambs on Feed (X1)"**
Breeding Ew$s One 
and Older on Farms

Year Lambs in Lamb
(X 5 a )2 C r o p (X 5 5 )3

1954 21,471 20,340
1955 4283 21,321 20,214
1956 4225 21,323 20,336
1957 4445 20,976 19,810
1958 4046 21,326 20,716

1959 4498 21,924 21,108
1960 4321 22,406 21,283
1961 4255 22,396 21,266
1962 . 4250 21,532 20,310
1963 4041 20,805 19,690
1964 3618 19,617 18,105
1965 3327 18,7.23 17,600
1966 3335 18,124 17,291
1967 3069 16,208 14,981
1968 2938 15,324 14,465

Sources:

^U.S. Department of Agriculture. Sheep and .Lambs on Feed, 26 
States. Statistical Reporting Service, Crop Reporting Board, Washington, 
D .C ..and Montana Crop and Livestock Reporting Service, Montana Department 
of Agricultural Statistics, Helena, Montana, January 1955 to April 1969.

2U.S. Department of Agriculture. Lamb Crop. Statistical Reporting 
Service, Crop Reporting Board, Washington, D .C., 1955-1969.

3Ibid.
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TABLE VI. LIVE WEIGHT (MILLIONS OF POUNDS) ALL COMMERCIAL BEEF 

SLAUGHTER (X6)

Year Jan Feb Mar Apr May Jun

1954 1976 1680 1943 1793 1821 1936
1955 1975 1701 1971 1840 ' 1954 2077
1956 2223 1960 ■ 2024 ’ 2007 2129 2112.
1957 2414 1950 1976 1951 2160 - 1958
1958 2193 1740 1800 1836 1902 1926

1959 1987 1673 1806 1 9 2 6 1872 1943
1960 2105 1914 2110 1872 2103 2189
1961 2181 1906 2167 1985 2282 2305
1962 2339 ■1940 2150 1990 2289 2215
1963 2364 2042 2211 2248 2416 2262
1964 2623 2235 2441 ' 2614 2602 2742
1965 2698 2390 2747 2493 2503 2680
1966 2936 2597 . 2826 2634 2793 2953
1967 3006 2669 2935 2737 3020 2989
1968 3005 2815 2791 2808 3072 2801

Jul Aug Sep Oct Nov Dec

1954 1971 1987 2045 2017 1992 1997
1955 1903 2245 2214 2157 2.115 2049
1956 2164 2202 2042 2445 2258 2117
1957 2210 2172 2090 2322 1975 1948
1958 2033 1907 2033 2170 1755 1944

1959 2044 • 1891 2058 2090 1922 2043
1960 2044 ■ 2289 2292 2236 2126 " 2051
1961 2119 2328 2198 2341 2187 2061
1962 2239 2365 2106 2402 2163 2022
1963 2371 2410 2327 ■ 2647 2281 2313

1964 2674 2590 2692 2867 2587 2773
1965 2677 2769 2869 2850 2812 2828
1966 2712 3023 2969 2896 2886 2860
1967 2740 2993 2849 2999 2826 2773
1968 3070 ■ 3072 2967 3314 2871 2846 ■



Sources:

TABLE VI, (continued)

U.S. Department of Agriculture. Livestock and Meat Statistics 
1962. Statistical Bulletin No. 333, Economic Research Service, 
Washington, D.C., July 1963; Supplement June 1968; U.S. Depart
ment of Agriculture. Livestock Market News. Livestock Division, 
Consumer and Marketing Service, Washington, D.C., February 1968, 
March 1969.

150
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TABLE VII. IAMB MEAT (THOUSANDS OF POUNDS) IMPORTS (X7)

Year Jan Feb 'Mar Apr May Jun

1954 327 109 0 2105 398 363
1955 198 19 832 329 594 I
1956 116 830 33 156- 16 114
1957 26 76 623 230 127 88
1958 64 176 268 1064 759 1178

1959 710 297 363 1209 744 810
1960 1914 1068 803 1722 876 1049
1961 1603 640 1623 1852 1034 1058
1962 978 890 1560 1292 432 445
1963 933 2828 3021 1590 1353 1169

1964 1864 1075 770 399 781 1335
1965 26 476 1817 646 2069 604
1966 1698 1264 1644 2423 1354 1742
1967 819 591 987 972 811 516
1968 1263 649 1505 947 1155 2167

Jul Aug Sep Oct Nqv - Dec

1954 0 0 0 47 0 37
1955 11 20 16 505 15 311
1956 122 ■ 16 0 13 5 113
1957 16 19 40 255 194 104
1958 375 1271 386 727 342 193 ■

1959 547 1473 1351/ 1130 331 492
1960 996 1104 590 833 271 1207
1961 588 343 258 52 290 1599
1962 674 1242 402 1433 2225 1566
1963 1525 1277 1230 1341 . 1352 1305

1964 1182 6$ 2 748 538 341 753
1965 1200 976 849 1038 1823 1016
1966 1210 755 631 1136 409 619
1967 890 520 1503 1595 1316 1749
1968 1849 1226 2431 1381 5270 3041



Sources: U.S. Department of Commerce. U-S.. Imports of Merchandise for
Consumption. Report Nos. FT HO, 125, 135, Bureau of the Census, 
Washington, D.C,, 1955-1968.

U.S. Department of Agriculture. Livestock Market News. Statis
tical Reporting Service, Crop Repprting Board, Washington, D.C., 
February 1968, April 1969.
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TABLE VII. (continued)
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TABLE VIII. TOTAL PERSONAL INCOME (BILLIONS OF DOLLARS) AT AN ANNUAL 

RATE (X8)

Year Jan Feb Mar Apr May Jun

1954 285.0 285.3 28417 284.5 385.1 285.9
1955 293.5 294.2 296.6 300.9 303.9 305.1
1956 317.0 318.1 320.3 323.7 325.2 326.8
1957 343.0 345.5 347.0 348.6 351.5 354.0
1958 353.0 352.1 353.7 354.2 355.8 358.0
1959 371.7 373.9 378.4 381.9 384.9 386.9
1960 395.4 395.4 395.8 401.4 403.6 404.4
1961 404.4 405.3 410.1 411.7 414.5 417.3
1962 430.1 434.0 436.4 439.5 440.8 441.7
1963 456.6 454.9 456.7 457.2. 460.0 463.1

1964 481.2 438.2 484.5 487.7 491.2 492.8
1965 515.8 515.7 518.4 520.7 525.3 528.8
1966 560.2 564.7 569.0 570.5 573.0 577.2
1967 607.1 609.3 612.7 614.1 616.9 . 625.8
1968 654.9 663.0 670,0 672.6 678.2 683.7

Jul Aug Sep Oct Nov Dec

1954 285.9 287.2 290.3 289.5 292.1 293.5
1955 308.5 308.4 311.2 312.2 315.1 318.2
1956 325.6 329.3 331.1 334.1 334.9 334.8
1957 355.3 356.2 355.4 354.7 354.6 352.8
1958 364.4 363.8 365,5 366.0 369.6 368.9
1959 387.1 383.7 384.5 384.2 388.7 393.7
1960 404.7 405,2 405.5 406.4 406.0 404.0
1961 420.8 419.1 420.5 424.3 428.4 431.3
1962 443.5 444.6 445,5 447.7 449.9 452.1
1963 464.8 467.1 469.3 473.2 474.7 478.9
1964 496.1 499.5 501.7 502.8 506.6 512.0
1965 ' 530,5 532.0 545,7 541.2 553.2 558.2
1966 580.0 ' 585.4 590,0 594.4 598.5 601.8
1967 629.8 634.2 637.0 638.0 644.9 652,6
1968 689.2 694.1 699.7 . 703.2 708.0 713.5
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Sources-:

TABLE VIII. (continued)

U.S. Department of Commerce. Business Statistics. Washington, 
D.C., 1957, 1959, 1961, 1963, 1965.

U.S. Department of Commerce. Survey of Current Business. 
Washington, D.C., February 1966 to April 1969.
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TABLE IX. AVERAGE FARM PRICE OF WOOL (PER POUND) EXCLUDING GOVERNMENT 
INCENTIVE PAYMENTS (Xg)

Year Jan Feb Mar. Apr May Jun

1 9 5 4 52.9 52.8 52.4 53.7 54.5 55.2
1955 50.2 49.7 4 9 , 0 46.5 45.6 45.0
1956 37.8 3 9 . 3 4 0 . 3 41.2 42.2 42.4
1957 4 8 . 9 48.5 51.4 52.6 56.1 55.4
1958 47.1 . 43.5 41.7 36.8 36.2 3 8 . 6
1959 3 4 . 6 34.5 35.6 40.6 4 3 . 0 43.5
1960 43.0 42.6 44.3 45.2 44.7 44.4
1961 3 9 . 9 3 9 . 0 40.4 42.3 43.1 43.3
1962 41.1 4 2 . 5 45.0 47.6 4 8 . 0 4 7 . 9
1963 45.5 47.5 51.1 49.4 48.7 4 9 . 9
1964 50.3 52.5 54.9 5 4 , 6 5 3 , 8 54.7
1965 45,0 45.9 4 6 , 3 4 6 . 9 4 7 . 3 4 8 . 8
1966 47.7 . 50.2 53.1 54.0 5 3 . 3 54.0
1967 40.6 40.4 4 0 . 6 39.4 40.1 42.1
1 9 6 8 3 9 . 0 37.0 37.9 3 9 . 8 41.2 41.6

Jul Aug Sep Oct Nov Dec

1954 54.6 53.7 52.8 5 2 . 1 51.0 50.5
1955 44.9 42.7 41.6 39.0 3 8 . 3 39.4
1956 42.3 41.3 42.2 44.8 46.5 47.6
1957 55.3 54.3 5 2 . 3 ' 51.0 5 0 . 9 45.9
1 9 5 8 38.0 37.9 3 5 . 8 36.1 3 5 , 2 3 4 . 8

1959 45.4 43.7 4 3 . 9 4 2 . 8 4 3 . 2 43.2
1 9 6 0 42.4 3 9 . 8 3 9 , 3 38.8 3 8 . 4 3 9 . 3
1961 42.1 41.0 42.0 41.2 4 0 . 9 4 1 . 2
1962 46.0 44.2 42.7 4 3 . 8 45.4 4 3 . 9
1963 4 9 . 0 4 6 . 2 45.5 4 6 . 6 4 7 . 2 4 8 . 1

1 9 6 4 52.4 51.0 50.0 51.2 49.3 47.3
1965 47.3 4 6 . 8 45.9 45.6 46.0 4 6 . 8
1966 51.3 4 9 . 0 47.4 4 2 , 4 43.0 43.1
1967 41.4 4 0 . 5 3 8 . 2 3 8 . 9 3 8 . 2 3 5 . 6
1 9 6 8 40.9 40.6 40.2 40.5 4 0 . 7 40.3



Sources: U.S. Department of Agriculture. Wool Statistics and Related
Data, 1920-1964. Statistical Bulletip No. 363, Washington, D.C., 
July 1965; Supplement August 1968,

U.S. Department of Agriculture. Agricultural Prices. Statis
tical Reporting Service, Crop Reporting Board, Washington, D.C., 
January 1968 to April 1969.

156

TABLE IX. (continued)
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T A B L E  X. F R O Z E N  L A M B  M E A T  ( M I L L I O N S  O F  P O U N D S )  IN S T O R A G E  ( X 1 0 )

Yeg.r J a n F e b M a r A p r M a y J u n
1954 11.460 10.808 9.445 8.897 8.135 8.709
1955 8.767 8.743 9.089 9.677 9.957 8 . 8 5 1
1956 10.566 10.060 9.875 8 . 9 7 6 8,481 8 . 6 2 0
1957 9.715 8 . 8 9 7 8.100 7.330 6.837 6,870
1958 4 . 7 5 6 4.381 4.861 6 . 6 7 4 10.437 1 1 . 9 9 5
1959 10.118 11.053 10.991 13.478 15.730 16.614
1960 14.046 12.203 11.188 10.921 9 . 9 4 3 11.654
1961 12.352 11.767 17.618 22.033 24.312 26.014
1 9 6 2 16.347 16.128 1 8 . 2 8 7 18.548 17.920 1 4 . 6 9 3
1963 13.432 21.000 22.801 23.687 21.436 1 9 . 7 6 1
1964 18.257 18.364 18.280 16.314 16.438 18.231
1965 12.349 10.578 11.197 10.962 11.428 9.915
1966 10.382 11.216 12.986 17.658 20.117 22.426
1967 15.333 15,317 15.475 15.556 16.717 14.620
1968 15.707 13.348 12.954 12.499 11.914 • 11.738

J u l A u g S e p Oct Nov D e c

1954 7.780 7.867 7.359 7.741 8.518 9 . 7 1 4
1955 8.597 8.737 8 , 6 8 3 9.569 9 . 8 8 4 10.630
1956 7.975 9.002 9.703 11.203 11.016 11.590
1957 6 . 3 9 9 5.194 5.745 5,616 5.309 . 5 . 2 0 6
1958 10.411 . 1 0 . 9 6 9 9.927 9 . 9 1 3 9 . 2 8 0 9 . 1 8 9

1959 17.374 14,605 13.736 1 2 . 3 0 0 12.624 1 4 . 7 9 4
1960 13.178 13.434 12.644 1 2 . 2 8 6 12.424 1 2 . 4 4 2
1961 2 4 . 8 0 9 23.006 21,019 19.749 18.379 17.603
1962 11.814 11.818 1 0 . 2 4 1 9.615 11.038 15.284
1963 19.946 19.839 17.974 17.813 17.201 18.588

1964 17.268 16.148 15.271 13.711 12.954 13.147
1965 10.311 9.835 10.132 12.265 11.898 11.781
1966 25.513 22.016 20.982 19.714 18.111 17.210
1967 12.841 10.905 11.444 13.067 14.526 15.308
1968 11.987 10.708 11.855 11.515 14.756 14.607
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Sources: U.S. Department of Agriculture. Livestock and Meat Statistics
1962. Statistical Bulletin No. 333, Economic Research Service, 
Washington, D.C., July 1963; Supplement June 1968.

TABLE X. (continued)

U.S. Department of Agriculture. Livestock Market News.
Livestock Division, Consumer and Marketing Service, Washington,
D.C., February 1968, March 1969.



APPENDIX E

Forecasting Equations for Price of Choice Lambs, 
Chicago, 1955-1968



TABLE I. ONE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS5 CHICAGO, 1955-1968 (SIMPLE
AVERAGE OF TWO MONTHLY OBSERVATIONS)

Month Constant Independent Variables and Coefficients SE F R2 DW

janIb 26.650 -.095X10-.2O6X3-5 .54IX4+.007X6+.001X7-.020Xg+.31lXg. 
(.150) ;(.060) (3.773) (.003) (.001) (.016) (.087)

1.006 13.350 .940 1.940

Feblb 49.542 +.215X9-.OOSX1-.205X3-7 .093X4+ .OOSX6+.OOlX7-.037Xg 
(.177) (.004) (.112) (7.042) (.006) (.002) (.026)

2.116 2.869 .770 2.102

Marib 25.032 -.960X10+.27IX3-.46ZX4-«002X5A+.006X6+.OOZX7-.OlOXg 
(.937) (.404) (10.278)(.002) (.009) (.003) (.042)

2.705 1.360 .685 2.198

+.248Xg
(.225)

Aprib 98.916 -.036Xg-.282X2-.4 IIX3+.004X6-.OOlX7-.288X9+.634X10 
(.043) (.354) (.291) (.008) (.002) (.312) (.795)

2.500 1.747 .736 2.630

-.OOlXbA
(.001)

Mayib 35.800 +.009X10-.179X2-.060X3+.006X6-.003X7-.002Xg-.066X9 
(.304) (.246) (.108) (.007) (.002) (.030) (.175)

1.974 3.063 .781 2.222

Junib 29.468 -.268X10-.Iigx2+.O3OX3-.006X6-.OOZX7+.042Xg-.002Xg 
(.176) (.141) (.089) (.005) (.001) (.021) (.097)

1.317 5.531 . 866 1.998

160



TABLE I. (continued)

M o n t h C o n s t a n t I n d e p e n d e n t  V a r i a b l e s ,  a n d  C o e f f i c i e n t s SE F R 2 D W

Julib 9.709 - . 36lXio+. IO6X2+.OIIX3+. 001X6- • OO2X7+.021Xg+.004Xg 
(.183) (.214) (.099) (.008) (.002) (.029) (.114)

1.807 3.823 .817 2.501

Aiiglb 60.974 -. 002X5B-(-. 085X2-. 043X3-. 002Xg+. OOix7-. 017Xg+. 040Xq 
(.002) (.354) (.161) (.012) (.003) (.044) (.191)

-.041X10
(.289)

2.834 .987 .612 2.428

s e P l b 63.617 - . O O I X 5 b - .SlhX3-.042X4+.OOSXb+.OOlX7-.OlSX8+.266X9 
(.001) (.285) (6.980) (.006) (.001) (.024) (.134)

+.097X10
(.155)

1.572 4.053 .866 2.463

0 c t Ib 26.416 - .139X10+.O7OX9-.I7IX3+4 .658X4-.O O I X 5 b + . OOlX6+.OOlX7 
(.172) (.210) (.107) (6.116) (.001) (.008) (.002)

+.002X8+.103X9 
(.038) (1.38)

1.689 3.330 .882 2.380

N o v lb 27.418 - .201X10-.169X3+3 .637X4+.OOIX5+.OOlX7+.OOSX8+.021X9 
(.093) (.065) (4.778) (.004) (.001) (.017) (.084)

1.250 8.577 .909 2.772

0 e c Ib 15.602 - .246X10“.H 3X3+2.2OOX4+.OOSX6+.OOlX7+.006Xg+.169X9 
(.139) (.075) (7.615) (.005) (.00l) (.019) (.107)

1.428 7.076 .892 2.905

161



TABLE II0 ONE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBSs CHICAGO, 1955-1968
(WEIGHTED AVERAGE OF TWO MONTHLY OBSERVATIONS)

Month Constant Independent Variables and Coefficients SE F R2 DW

Janic 25.496 -.173X10-.192X3-5 .202X4+.OOSX6+.OOlX7-.017Xg+.273Xg 
(.163) (.067) (4.015) (.003) (.001) (.016) (.089)

1.068 11.748 .932 2.060

Febic 39.876 +.228X9-.OOSX1-.154X3-7 .246X4+.OOSX6-.OOlX7-.028Xg 
(.176) (.004) (.127) (7.576) (.007) (.002) (.029)

2.232 2.491 .744 2.308

Maric 65.219 -.165XiQ-.096X3-2 .242X4-.OOIX5a+.OOlX6+.OOlX7-.019Xg 
(.819) (.279) (10.039) (.002) (.009) (.002) (.040)

2.837 1.179 .654 2.217

+.ISSX9 
(.226)

Apric 87.905 -.032Xg-.24IX2-.383X3+.006X6-.OOlX7-.236Xg+.524X10 
(.035) (.338) (.230) (.008) (.002) (.258) (.635)

2.347 2.068 .768 2.746

Z-
S 
I

O 
O 

O 
O 

H 
M ' x Ln i>

Mayic 39.799 -.103X10-.248X2-.043X3+.004X6-•002X7+.009Xg-.040Xg 
(.285) (.207) (.094) (.007) (.002) (.029) (.152)

1.895 3.399 .799 2.188

Junic 23.788 -.259X 1Q-.059X2+.041X3-.005X6-.002X7+.038X8-.020X9 1.488 4.089 .827 2.314
(.195) (.151) (.114) (.005) (.001) (.023) (.105)

162



TABLE II. (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Julie 19.798 -.337Xio+.047XO-»017X3-.OOBXg-.002X7+.030X8+.014X9 
(.180) (.242) (.091) (.008) (.002) (.032) (.122)

1.942 3.197 .789 2.322

Augic 57.345 . -.002X53+.124X3-.OSSX3+.OOlX6+.OO2X7-.030Xg+.OlSX9 
(.001) (.313) (.176) (.010) (.003) (.041) (.186)

-.043Xio
(.285)

2.823 .999 .615 2.316

sePlc 46.872 -.OOIX5b -.365X3-I.398X4+.OOZX6+.OOlX7-.OllX8+.282Xg 
(.001) (.201) (6.045) (.007) (.002) (.027) (.158)

-.035X10
(.133)

1.675 3.498 .848 2.346

0ctIc 24.015 -.135X10+.088X3-.145X3+5.562X4-.OOIX5b+  OOlX6+.OOlX7 
(.170) (.194) (.099) (6.305) (.001) (.007) (.002)

+.004X8+.065X9 
(.037) (.115)

1.648 3.525 .888 2.420

n o v Ic 30.691 -.185X10-.I87X3+2 .543X4+.002X6+.OOlX7+.003Xg+.007X9 
(.096) (.066) (5.435) (.004) (.001) (.014) (.079)

1.189 9.572 .918 2.835

0ecIc 15.080 -.253X10- .IO9X3+2 .502X4+.OOBX6+.OOlX7+.006Xg+„178Xg 
(.143) (.064) (7.266) (.006) (.001) (.021) (.112)

1.407 7.320 .895 2.902

163



TABLE III. ONE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS, 
(SIMPLE AVERAGE OF THREE MONTHLY OBSERVATIONS)

CHICAGO , 1955- 1968

Month Constant Independent Variables and Coefficients SE F R2 DW

janId 20.194 -.163Xio-«164X3-3.532X4+.009X6+.00IX7-.019X8+.252X9
(.139) (.064) (3.990) (.004) (.001) (.018) (.089)

1.148 10.054 .921 2.301

FebId 45.916 +.306X9-.OOZXi-.26OX3-7 .199X4+.OOSX6+.002X7-.038Xg 
(.144) (.003) (.085) (5.414) (.005) (.002) (.022)

1.666 5.153 .857 2.061

Marid 61.458 +.079X10-.26OX3-I.267X4-.OOIX5a+.OOZX6+.OOlX7-.025Xg 
(.668) (.333) (10.833) (.001) ;(.009) (.003) (.050)

+.129X9
(.243)

2.758 1.284 .673 2.303

APr Id 250.51 -.052Xg-.792X2-1.082X3- .OllX6+.002X7-.604Xg+l.310X10 
(.043) (.430) (.475) (.010) (.003) (.331) (.890)

+.0 0 ix5A 
(.001)

2.061 2.866 .821 2.836

MAyid 36.786 +.122X10-.139X2-.O83X3+ .OOTX6-.OOZX7-.OlOXg-.119Xg 
(.469) (.251) (.170) (.007) (.002) (.035) (.224)

1.998 2.971 .776 2.198

junId 45.894 -.020X10-.09IX2-.IO8X3-.OOBX6-.OOZX7+.020Xg-.077X9 
(.225) (.160) (.101) (.005) (.001) (.021) (.111)

1.370 5.322 .861 2.255
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TABLE, III. (continued)

Month Constant Independent Variables and Coefficients SE F R2 . DW

Julid 1 . 0 0 8 3 -.377X10+.129X2+.043X3-.OOlX6-.003X7+.028X8+.069X9 
(.158) (.164) (.083) (.005) (.001) (.021) (.087)

1 . 2 8 3 8.432 .908 2.218

Augld 36.564 -.OOIX5b+.220X 0- . O 2I X 3+ . 003X6+.OOlX7-.026X8+.020X9 
(.002) (.341) (.168) (.012) (.003) (.045) (.178)

-.148Xiq 
(.303)

2.645 1.225 . 662 2 . 7 4 9

sePld 95.660 -.002X5B-.289X3-6.138X4-.002X6+.OOlX7-.034X8+.147X9 
(.001) (.198) (6.222) (.008) (.002) (.034) (.116)

+. 165Xio
(.202)

1.760 3.109 .832 2.394

0ctId 38.292 , -.059X10+.09IX2-.216X3+3.96OX4-.OOIX5b -.OOlX6+.OOlX7 
(.164) (.201) (.167) (6.958) (.001) (.007) (.002)

-.004Xg+.OSOX9 
(.033) (.122)

1 . 6 3 8 3.569 .889 2.509

Movid 2 8 . 2 8 0 -.204X10-.193X3+3.323X4-•OOlX6+.OOlX7+.OllX8+.IOSX9 
(.089) (.076) (4.635) (.005) (.001) (.020) (.094)

1.287 8.047 .904 2.886

Decid 12.695 - . 2 5 1 X 1 0 - .104X3+3.O2OX4+.0 0 3 X 6+ . OOlX7+.O O A X 8+ . 175X9 
(.122) (.070) (.544) (.006) (.002) (.024) (.100)

1.440 6 . 9 4 0 .890 2 . 8 6 4
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TABLE IV. ONE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS, CHICAGO, 1955-1968
(WEIGHTED AVERAGE OF THREE MONTHLY OBSERVATIONS)

Month Constant Independent Variables and Coefficients SE F R2 DW

Janie 24.625 -.146X10-.190X3-4.826X4+.008X6+.OOlX7-.019X8+.271X9 
(. 15 4) (.065) (3.933) (.003) (. 001) (.017) (.088)

1.071 11.861 .932 2 . 0 8 3

Feble 45.950 +.239X9-.002X1-.216X3-6 .647X4+.OOSX6+.OOlX7-.0 3 5 X g  
( . 16 9) (. 00 4) (. 11 6) ( 6 . 8 6 4 )  ( . 00 6) (. 002) (.027)

2 . 0 6 2 3 . 0 6 8 .782 2.121

Manie 6 2 . 0 2 8 -.037X10-. I66X3-1.346X4-.OOIX5a+.OOlX6+.OOlX7-.019Xg 
(.828) ( . 3 3 3 ) ( 1 0 . 5 1 9 )  (.002) (.009) (.003) (.045)

2 . 8 6 2 1.148 .648 2.254

+.IlVX9
(. 23 6)

APrle 121.91 -.039X8-.354X2-.53OX3+.003x 6~ •OOlX7-.342Xg+.738X10 
(.041) (.379) (.306) (.009) (.003) (.288) (.806)

2.336 2 . 0 9 3 .770 2.875

-.00IX5a
(.001)

Mayle 43.228. -.026X-.231X-.071X +.OOSX6-.002X7~.OOlX8-.090X9 
( . 36 0)- (. 22 5) ( . 1 1 6 ) b ( . 0 Q 7 )  (.002) (.032) (.175)

1 . 9 8 9 3.005 .778 2.184

Junle 28.095 -.220X10-.0 5 7 X 2 " .OOlX3-•0 0 3 X 6 - .O O Z X 7+ . 0 3 2 X 8 - .026Xg 1.397 5 . 0 8 9 .856 2.152
(.202) (.151) (.108) (.005) (.001) (.022) (.105)
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TABLE IV. (continued)

M o n t h C o n s t a n t I n d e p e n d e n t  V a r i a b l e s -  a n d  C o e f f i c i e n t s SE F R2 DW

j u l Ie 12.600 -.347Xio+. 086X2+.OO2X3-.002X&-.002X7+.028Xg+.027Xg 
(.176) (.216) (.092) (.007) (.002) (.028) (.109)

1.707 4.389 .837 2.298

Augie 54.392 -.002X5B+.145X2-.OSSX3+.OOlX6+.002X7-.02SX8+.02IX9 
(.002) (.336) (.173) (.011) (.003) (.044) (.186)

2.786 1.043 .625 2.508

-.070Xiq
(.295)

s e P l e 70.583 +.OOIX5b -.67OX3-8 .298X4+.006X6-.OOlX7-.033X8+.351X9 
(.001) (.134) (2.253) (.004) (.001) (.014) (.080)

9.207 13.016 .954 2.186

+.246Xio
(.095)

0 c t I e 28.111 -.IlSXi0+. 091X2-.166X3+5 .264x4-.OOIX5b -.OOlX6+.OOlX7 
(.162) (.195) (.115) (6.324) (.001) (.007) (.002)

1.628 3.621 .891 2.454

+.003Xg+.077X9 
(.036) (.118)

N o v le 29.794 -.189Xi0-.189X3+2.825X4+.OOZX6+.OOlX7+.005Xg+.039X9 
(.093) (.069) (.002) (.004) (.001) (.016) (.083)

1.226 8.950 .913 2.797

Oecie 14.281 -.248Xi0-.108X 3+2 .667X4+.003X6+.OOlX7+.005Xg+.176Xg 
(.137) (.069) (7.270) (.006) (.002) (.023) (.107)

1.425 7.097 .892 2.895
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T A B L E V. T H R E E  M O N T H  F O R E C A S T I N G  E Q U A T I O N S  F O R  P R I C E  O F  C H O I C E  L A M B S 9 
( S I M P L E  A V E R A G E  O F  T W O  M O N T H L Y  O B S E R V A T I O N S )

C H I C A G O , 1955-1968

M o n t h C o n s t a n t I n d e p e n d e n t  V a r i a b l e s  a n d  C o e f f i c i e n t s SE F R 2 D W

Jnn3b -7.944 +.OOIX5b-.143X3+1.147X4+.007X6+.OOlX7+.007Xg+.275Xg 
(.001) (.081) (4.333) (.006) (.002) (.031) (.101)

1.449 5.369 .896 3.553

-.285Xbo 
(.134)

F e b 3b 9.526 -. 244X10 -. 11SX3 -1.714X4+„ 00 9X6+ .002X.y-.017Xg+ .289Xg 
(.124) (.081) (4.799) (.005) (.002) (.022) (.112)

1.708 4.861 .850 3.563

M a r 3b 22.387 -.OlSX2-.ISlX3+ .0IOX6+ .004X7-.03 2Xg+.206X9-.07IX10
(.029) (.078) (.006) (.002) (.022) (.126) (.161)

1.790 4.322 .835 3.135

Aprjb 37.186 -.039Xg-.017X9-•270X3+.OlOX6+.003X7+.075X9+.206X10 
(.023) (.030) (.084) (.005) (.002) (.143) (.232)

1.801 4.367 .836 2.642

MaySb 75.107 -.OOOx1-.017X2-.322x3+.OlOX6+.OOlX7-.058Xg-.190Xg 
(.003) (.048) (.112) (.004) (.001) (.024) (.118)

1.447 5.761 .902 1.986

-.475X10
(.228)

Jim3b 42.098 -.OOIX5a+.232X2+.007X3+.OOlX6-.OOZX7-.016Xg-.083Xg 
(.001) (.296) (.357) (.008) (.002) (.029) (.151)

1.763 2.639 .809 2.890

+.269X10
(.638)
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TABLE V. (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jui3b 1 3 . 5 6 9 OOIX5a +.276X2-.096X3+.009X6-.004X7-.031X8-.099X9
(. 00 1) (. 27 5) (. 22 0) (. 00 7) (.002) (. 030) (,247)

+.467XbQ
(. 591)

1 . 9 1 9 3.007 .828 2 . 8 2 4

Au§3b 3 2 . 2 1 0 +.OlZXbQ+.206x2-.029X3-.OOIX5a -.OOlX6-.OOSX7-.0 0 7 X g  
(.205) (. 16 1) (.080) (.001) (.005) (.001) (.019)

+. 16OX9 
(.110)

1.213 8.179 .929 2 . 3 6 8

Sepsb - 3 . 6 2 5 -.209X10+.019X3+9.8I6X4-.007X6-.OOlX7+.048Xg+.184X9 
(.227) ( . 1 3 2 ) ( 1 0 . 9 0 6 )  (.010) (.001) ( . 0 4 2 )  (.164)

1.804 3.204 ,789 2.252

Oct3b - 3 5 . 4 8 0 -.282X10+.I8lX3+20.ISlX4-.Ol3X6-.002X7+.086X8+.194X9 
(. 16 4) (.141) (11.910) (.011) (.002) ( . 04 8) (.148)

1.737 3.734 .813 2.012

Nov3b 5 6 . 0 2 2 -.0 0 2 X 5g + . 0 1 2 X 3+ 3 .745X4-.009X6+.OOlX7+.014Xg+.09IX9 
(.001) (.113) (8.720) (.006) (.002) (.037) (.102)

-.IOSX10
(.154)

1 . 5 5 9 4.687 .882 1.863

0ecSb 2 9 . 4 1 5 +.OOix5Q-.226X3-2 .979X4+.O O Z X 6+ . OOlX7+.O O Z X g + . 222Xg 
(.001) (.289) (8.533) (.007) (.002) (.032) (.143)

1^842 3.439 .846 2 . 9 4 2

-,224X10
(.197)
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TABLE VI. THREE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS, CHICAGO, 1955-1968
(WEIGHTED AVERAGE OF TWO MONTHLY OBSERVATIONS)

Month Constant Independent Variables and Coefficients SE F- R2 DW

Jan3c -8.353 +.OOIX5b -.134X3+1.843X4+.OObXg+.OOlX7+.OllX8+.266Xg 
(.001) (.077) (4.358) (.005) (.002) (.032) (.091)

-.300X10
(.143)

1.437 5.469 .897 3.475

Fab3c 9.377 -.244X10-.10SX3-2.525X4+.OlOX6+.003X7-.020Xg+.284Xg 
(.115) ' (.075) (4.655) (,004) (.001) (.018) (.102)

1.546 6.119 .877 3.461

Mar3c 19.793 -.017X2-.167X3+.OllX6+.OOSX7-.035Xg+.193Xg-.043X10 
(.032) (.075) (.006) (.002) (.024) (.144) (.184)

1.883 3.826 .817 3.174

Apr3C 40.861 -.034Xg-.020X2-.288X3+.OOSX6+.002X?+.049Xg+.204X10 
(.023) (.031) (.092) (.004) (.001) (.147) (.251)

1.871 3.987 .823 2.585

May3c 61.566 -.OOSX1-.Oiex2-.245X3+.OOSx6-.OOix7-.040Xg-.163X9 
(.004) (.086) (.134) (.005) (.002) (.027) (.128)

+.367X10
(.265)

1.694 4.032 .866 2.042

Jun3C 55.924 -.OOIX5a+.196X2-.OSSX3-.OOlXg-.002X7-.020Xg-.112Xg 
(.001) (.240) (.205) (.007) (.002) (.024) (.141)

1*697 2.901 .823 2.776

+.454X100 4 9 1 )
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TABLE VIo (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Julsc 6.760 -.OOIX5a+.315X2-.07OX3+.009X&-.004Xy-.O3IXg-.05IX9 
(.001) (.288) (.168) (.007) (.002) (.028) (.198)

1.640 4.847 .874 2.685

+.420X10
(.424)

Aug3c 3 3.233 -.105X10+.172X2“.002X3-* 001X5A -.OOix6-.002X7-.OOlXg. 
(.200) (.162) (.078) (.001) (.005) (.001) (.020)

1.257 7.565 .924 2.841

+.187Xq
(.106)

Sepgc -10.468 -.806X10+„089X3+7.017X4-.004Xg-.OOlX7+.048Xg+.169Xg 
(.228) (.161)(12.448) (.001) (.002) (.049) (.177)

1.858 2.972 .776 2.122

Oct3C -88.700 -.251X10+.186X3+22.992X4-.Oiex6-.OO3X7+.098Xg+.210X9 
(.189) (.129) (11.209) (.010) (.002) (.046) (.188)

1.687 4.012 .824 2.048

Nov3c 47.198 -.OOIX5b+.008X3+4.96OX4-.007X6+.00IX7+.018Xg+.OSlX9 
(.001) (.111) (7.282) (.005) (.001) (.030) (.098)

1.570 4.618 .881 1.886

-.UBX10
(.150)

Dec3c 11.548 +.OOIX5b -.I46X3-I.216X4+.004X6+.OOlX7+.005Xg+.216X9 
(.001) (.218) (6.879) (.008) (.002) (.029) (.168)

1.788 3.688 .855 8.059

- . B O O X 10
(.149)
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TABLE VII. THREE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS, CHICAGO, 1955-1968
(SIMPLE AVERAGE OF THREE MONTHLY OBSERVATIONS)

Month Constant Independent Variables and Coefficients SE F R2 DW

Uan3d -20.216 +.002X5b -.266X3+2.640X4+„005Xg-.0 0 2 X y + . 026Xg+.SllX9 
(.OOlX ( . 13 0) (4.668) (. 00 5) (.002) (.027) (.095)

1.397 5.810 .903 3.209

-.216X10
(.127)

Feb3d 12.878 -.235X10-.133X3-2.148X4+.009X6+.002X7^.019Xg+.2 6 9 X g  
(. 12 2) (.099) (4.870) (. 006) (.002) (. 02 5) (.123)

1.763 4.511 .840 3.611

Mar3d 47.484 -.235X2-.218X3+.004X6+.0 0 3 X y - .005Xg+.210Xg-.174X10 
(.139) (.007) (.006) (.002) (.026) (. 11 2) (.146)

1.803 4.249 .832 3.183

Afr3d 55.694 -.035Xg-.1 7 8 X 2 " .309X3+.OOSX6+,004X7+.078Xg+.109X10 
( . 02 2) (. 11 0) (.066) (.005) (.002) (.093) (.164)

1.381 8.028 .904 3.008

Ma y ^ 7 6 . 7 8 4 -.OOSX1-.04Ix2-,3 3Ix3+,OlOX6+.002X7-.0 6 5 X g - .1 0 9 X g  
(.003) ( . 12 3) (.096) (.005) (.001) (.022) (.101)

1.242 8.036 .928 2.631

+.492X10
(.203)

Jnn3d 86.841 -.001X5A+.OlSX2-.290X3-.003X6-.OOlX7-.020Xg-.095X9 
( . 00 1) ( . 19 7) (.206) (.005) (. 00 2) (. 02 4) (.117)

1.359 4.871 .886 2.470

+. 541X"lo
(. 33 0)

172



TABLE VTI. (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jui3d 133.06 ' +.OOIX5a -.160X2-.823X3+.OOZX6-.004X?-.054Xg-.488Xg 
(.002) (.582) (.850) (.009) (.003) (.045) (.517)

1.937 2.940 .825 2.911

+1.716XiQ
(1.438)

Aug3d -4.918 +.IOlX10+.304X2+.Ol3X3-.OOIX5a+.OOlX6-.005X7+.OOSXg 
G 256) (.146) (.105) (.001) (.004) (.001) (.018)

1.035 11.468 .948 . 2.902

+.250X9
(.126)

seP3d 26.484 +.017X10-.142X3+4.065X4-.OOZX6-.002Xy+.016Xg+.073Xg 
(.268) (.128) (8.130) (.008) (.001) (.032) (.151)

1.708 3.673 .811 2.469

Gct3d -8.503 -.320X10+.056X3+11.956X&-.OOSX6-.OOlX7+.056Xg+.142Xg 
(.206) (.148) (10.925) (.010) (.002) (.046) (.162)

1.777 3.528 .805 2.065

Novgj 71.363 -.OOZX5b -.013X3+1.904X4-.009X6+.OOZX7+.004Xg+. IOZXg 
(.001) (.162) (12.509)(.008) (.003) (.056) (.120)

1.604 4.391 .875 1.947

-.129X10 
(.185)

Dec3d 41.650 -.OOIX5b -.049X3-1.717X4-.OOlX6+.OOZX7-.OOlXg+.16IXg 
(.001) (.227)(11.045) (.009) (.00.2) (.045) (.128)

1.943 3.026 .829 2.565

-.258X10
( . 21 9)
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TABLE VIII. THREE MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE'LAMBS, CHICAGO, 1955-1968
(WEIGHTED AVERAGE OF THREE MONTHLY OBSERVATIONS)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jan3e -12.926 +.OOIX5b-.162X3+2.IllX4+.OOSX6-.OOlX7+.OlSX8+.278X9 
(.001) (.091) (4.585) (.006) (.002) (.032) (.095)

1.453 5.335 .895 3.440

-.296X10
(.134)

Feh3e 10.283 -.243X10“-117X3"2•322X4+.OlOX6+.003X7-.02IX8+.278Xg 
(.118) (.083) (4.731) (.005) (.002) (.020) (.108)

1.629 5.433 .864 3.552

Mar3e 40.551 -.175X2-.209X3+.006X6+.003X7-.017Xg+.227X9-.114X10 
(.134) (.074) (.007) (.002) (.0.26) (.115) (.162)

1.760 4.500 .840 3.111

Apr3e 59.102 -.023Xg-.20SX2-.30IX3+.OOSX6+.003X7+.07SX9+.094X10 
(.024) (.138) (.076) (.005) (.001) (.110) (.217)

1.556 6.144 .878 3.069

May3e 71.386 -.OOSX1-.OllX2-.3OSX3+.009X6+.OOlX7-.055Xg-.ISlX9 
(.003) (.156) (.130) (.006) (.002) (.028) (.119)

1.541 5.001 .889 2.070

+.447X10
(.277)

Jun3e 78.075 -.OOlX5A+.083x2-.226X3-.003x6-.002X?-.017Xg-.125X9 
(.001) (.254) (.257) (.006) (.002) (.025) (.137)

1.568 3.605 .849 2.725

+.625X10
(.475)
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TABLE VIII. (continued)

M o n t h C o n s t a n t I n d e p e n d e n t  V a r i a b l e s  a n d  C o e f f i c i e n t s SE F R 2 D W

J u i 3 e 6.128 -.001X5A+!:/336X2-.097X3+.009X6-. OOSX7-. 032X8-.070X9
( . 00 1) (:SS78) (. 23 7) ( . 00 7) ( . 00 2) (. 02 7) (.234)

1.714 3.929 .863 2.760

+.562X10
(.551) ■

A u g 3e 24.127 - .OlOX10+.203X2-.014x3-.00I X 5 a - .OOlX6-.003X?+.OOlXg 
(.200) (.146) (.077) (.001) (.004) (.001) (.018)

1.102 10.040 .941 2.411

S e p 3e 5.243

+.199X9
(.106)

- .201X10-.008X3+5.495X4-.003X6-.OOlX7+.0 3 2 X g + . 138X9 
(.253) (.154)(10.985) (.010) (.002) (.043) (.172)

1.856 2.978 .777

175<0COCOCNJ

O c t 3 e -30.741 - .291X10+.156X3+19.3 0 7 X A - .014X6-.0 0 2 X 7+ . 0 8 6 X g + . 200X9 
( . 1 6 4 )  (. 14 5) (11.634) (.010) (.002) (.048) (.153)

1.739 3.721 .813 2.066

N o v 3e 56.428 - . O O Z X 5R - .00lX3+4.OOSX4-.OOSx6+.OOZX7+.Oiox8+.093X9 
(.001) (.121) (8.457) (.006) (.002) (.037) (.100)

1.541 4.812 .885 1.901

-.IZOX10
(.157)

D e c 3e 25.208 - . O O I X 5b - .I Z Z X 3 - I .68ZX4+.OOZX6+.OOlX7+.OOZXg+.193X9 
(.001) (.277) (9.272) (.008) (.002) (.036) (.152)

1.886 3.249 .839 2.861

“ • 276xIO
(.192)
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TABLE IX. SIX MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS, CHICAGO, 1955-1968 (SIMPLE
AVERAGE OF TWO MONTHLY OBSERVATIONS)

M o n t h C o n s t a n t I n d e p e n d e n t  V a r i a b l e s  a n d  C o e f f i c i e n t s S E F R 2 D W

J a n 6b .582 - . 2 5 9 X 10+ . 0 0 3 X o + 3 .5 2 3 X 4 + . O O l X 6 - .O O l X 7+ . 0 2 5 X g + .  1 7 4 X g  
( . 21 2) ( . 15 8) ( 8 . 7 1 6 )  ( . 0 0 9 )  ( . 0 0 2 )  ( . 0 4 5 )  ( . 1 2 1 )

2 . 0 3 4 2 . 6 2 1 .7 54 2 . 6 9 9

F e b 6b 9 2 . 7 7 8 - . 0 0 2 X 5b - .093X 3- 6 .2 8 7 X 4 - .0 0 3 X 6+. O O O X 7- . 0 2 4 X g + . 1 5 S X 9 
( . 00 2) ( . 1 2 9 )  ( 8 . 5 8 4 )  ( . 0 0 7 )  ( . 0 0 2 )  (. 03 7) (. 119)

2 . 2 2 9 2 . 3 1 2 .787 . 2 . 9 5 0

- . 0 7 4 X 10
( . 2 1 9 )

M a r & b 5 8 . 1 3 3 - . O O I X 5 b - .3 8 2 X 3+ . 0 0 4 X 6 - .O O l X 7- .0 2 2 X g + . 2 O l X 9+ . 0 6 2 X 10 
( . 00 2) ( . 28 7) ( . 00 9) ( . 0 0 3 )  ( . 02 4) ( . 18 2) (.226)

2 . 2 3 5 2 . 4 6 5 .742 2 . 8 0 1

A P r 6b 1 0 2 . 2 3 - . O O l X g - .078X 3- . 0 0 3 X 5 b - .0 0 2 X 6+ . 0 0 2 X 7- .0 2 9 X g + . 0 1 7 X 9 
( . 21 0) ( . 1 1 9 )  (. 002) ( . 0 0 8 )  ( . 00 2) ( . 04 1) (.145)

2 . 0 1 9 3 . 0 1 2 .828 2 . 9 7 3

+ . 0 4 9 X 10
( . 2 0 4 )

M a y & b 3 6 . 4 9 6 - . 0 5 4 X 2- . 2 38X 3+ . 0 1 3 X 6+ .O O l X 7- . 0 3 3 X g - .0 3 7 X g + . 1 3 3 X 10 
( . 13 4) ( . 0 8 2 )  (. 00 5) ( . 00 2) ( . 02 2) ( . 10 9) (. 13 0)

1 . 8 0 2 3 . 8 4 8 .818 1 . 6 9 2

J u n 6 b 4 1 . 2 8 5 + . 1 6 0 X 10- . 0 0 7 X 2 - . 225X 3+ . 0 0 2 X g - .O O l X 7- .0 0 3 X g + . 0 4 2 X 9 
(. 15 7) ( . 1 2 1 )  (. 07 6) ( . 00 6) ( . 00 2) ( . 10 9) (.130)

1 . 7 0 5 3 . 1 3 2 .785 1 . 8 5 8



TABLE IX. (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jul6b 28.738 +.189X10+.027X2-»199X3+.OOSX6-.OOlX7-.023Xg+.020Xg 
(.284) G 183) (.093) (.007) (.002) (.031) (.146)

2.017 2.899 .772 2.192

Aug6b 75.103 -.OOSX1-.036X2-.373X3+.OOSX6+.OOlX7-.044Xg+.OOSX9 
(.004) (.191) (.144) (.006) (.002) (.033) (.148)

+.358X10
(.343)

1.862 3.109 .833 2.830

Sepbb 56,757 -.002X5A+.I67X3+ .005X6+.OOlX7-.019Xg+.ISSX9-.486X10 
(.001) (.205) (.005) (.002) (.022) (.166) (.482)

-11.244XA
(5.301)

1.416 5.155 .892 2.816

0ct6b 75.619 -.OOIX5a -.OVSX3+.OOlX6-.OOZX7-.015Xg+.056X9+.026X10 
(.001) (.100) (.004) (.001) (.017) (.117) (3.19)

-9.376X4
(4.023)

1.046 10,448 .944 2.570

Nov6b 76.530 -.IOOX1Q-.O83X3-3 .737X4-,002X5A-.OOlX6+.OOlX7-.014Xg 
(.329) (.107) (7.341) (.001) (.005) (.001) (.025)

-.004X9
(.117)

1.348 6.476 .912 2.296

Dec6b 46.340 +.002X10-.2I6X3-5 .4OOX4+.009X6-.OOlX7-.029Xg-.065X9 
(.277) (.161)(13.314) (.012) (.002) (.051) (.200)

2.202 2.391 .736 2.390



TABLE X. SIX MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS5 CHICAGO, 1955-1968
(WEIGHTED AVERAGE OF TWO MONTHLY OBSERVATIONS)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jan6c 16.450 -.264X10-.082X3-.64IX4+.OOGX6+.OOlX7 -.007X8+.135Xg 
(.195) (.127)(6.821) (.006) (.002) (.003) (.105)

2.032 2.627 .754 2.792

Feb6C 61.308 -.002X5b -.063X3-2.689X4-.002X6+.OOlX7-.OOGXg+.165Xg 
(.002) (.156) (9.796) (.008) (.003) (.042) (.135)

2.471 1.766 .739 2.796

-.129X10
(.241)

FbfGc 53.363 -.OOIX5b -.130X3+.005X6+.002Xy-.027Xg+.088Xg-.097X10 
(.002) (.253) (.009) (.003) (.028) (.222) (.184)

2.386 2.057 .706 2.962

APr6c 104.53 -.125X2- .069X3-.003X5B-.003X6+.OOZX7-.024Xg+.OlSXg 
. (.189) (.106) (.001) (.007) (.002) (.036) (.121)

1.909 3.446 .847 2.980

+.065X10 
(.191) .

Fby6c 33.916 -.032X2-.220X3+.OlZX6+.OOlX7 -.030Xg-.045Xg+.125X10 
(.128) (.085) (.005) (.002) (.020) (.112) (.137)

1.852 3.595 .808 1.663

Jun6c 34.158 +. 142XJQ+. 009X2-. 183X3+. 004X6-. 00IX7-. OOSXg+. 031Xg 
(.179) (.134) (.071) (.007) (.002) (.026) (.121)

1.778 2.812 .766 1.807
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TABLE X„ (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jul6c 33.909 +.20IX10+.OlOX2- .226X3+.007X6-.OOlX7-.020Xg+.025Xg 
(.302) (.186) (.099) (.006) (.002) (.030) (.146)

2.016 2.903 .772 2.356

AuS6c 71.360 -.002Xi-.OGBX2-.344X3+.004X6-.OOlX7-.03IX8+.OlSX9 
(.004) (.209) (.161) (.007) (.002) (.036) (.150)

+.249X10 
(.379)

2.025 2.530 .802 2.850

SeP6c 61.974 -.002X5a+.087X3+.003X6-.OOlX7-.OlSX8+.133Xg-.373X10 
(.001) (.142) (.005) (.001) (.020) (.115) (.419)

-9.904X4
(5.128)

1.457 4.835 .886 2.620

0ct6c 82.216 -.002X34-.095X3-.OOix6-.OOix7-.019x8+.Oiex9+.029X10 
(.001) (.103) (.005) (.001) (.017) (.127) (.315)

-7 .858X4
(4.768)

■ 1.208 7.676 .925 2.361

Novsc 74.222 -.186X10-.O8OX3-3 .597X4-.002X^-. OOlX6+.OOlX7-.Oiex8 
(.289) (.092) (.345) (.001) (.005) (.001) (.026)

-.020X9
(.101)

1.285 7.184 .920 2.190

DecGc 24.067 -.IlAX10-.O86X3-I.663X4+.002X6-.002X7+.OlOX8+.OGGX9 
(.270) (.191)(14.768) (.013) (.002) (.058) (.210)

2.204 2.386 .736 2.520



TABLE XI. SIX MONTH FORECASTING EQUATIONS FOR PRICE OF CHOICE LAMBS, CHICAGO, 1955-1968 (SIMPLE
AVERAGE OF THREE MONTHLY OBSERVATIONS)

M o n t h C o n s t a n t I n d e p e n d e n t  V a r i a b l e s  a n d  C o e f f i c i e n t s SE F R 2 D W

J a n 6d 23.101 -.1S5X10-.127X3-.964X4+.007X6+.OOlX7-.014X8+.098X9 
(.242) (.151)<7.608) (.008) (.002) (.040) (.134)

2.002 2.732 .761 2.896

F e b 6d 39.856 - .0 0IX5b-.O 7 2X3+ .6 83X4- .OOlX6-.00IX7+.006Xg+.149Xg 
(.003) (.245) (19.077) (.010) (.004) (.087) (.160)

— •087X^q 
(.305)

2.620 1.502 .706 2.555

w a r Sd 81.862 -.OOIX5b -.314X3+.OOlX6+.OOlX7-.030X8+.IOlX9+.129X10 
(.001) (.168) (.007) (.002) (.025) (.114) (.196)

1.960 3.462 .802 2.771

A P r 6d 96.024 - .ISSXg-.222X 3- .O O Z X 5Q - .004x6-.OOix7-.OOSx8+.06Ix9 
(.196) (.180) (.002) (.007) (.003) (.035) (.134)

+.OSOX10
(.184)

1.899 3.490 .848 2.849

^ a Y G d 30.883 -.007X2-.240X3+ .014X6+ .00IX7- .03 8X8- .0 2 7Xg+ .13 2X10 
(.141) (.093) (.006) (.002) (.025) (.117) (.124)

1.773 4.004 .824 1.692

J u n 6d 42.999 +.113X10-.028X2-.210X3+.OOlX6-.002X7+.OlOX8+.017X9 
(.139) (.131) (.073) (.006) (.002) (.025) (.106)

1.708 3.121 .785 1.874



TABLE XI, (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

Jul6d 39.960 +,20SX1Q-.OOSXg-.251X3+.007X6-.OOlX7-.021X8+.038X9 
(.246) (.166) (.010) (.007) (.002) (.033) (.139)

2.079 2.679 .758 2.439

Au§6d 91.252 -.004X1-.169X2-.329X3-.OOlX6+.OOlX7-.03IXg+.135Xq 
(.004) (.145) (.143) (.001) (.002) (.027) (.149)

+.257X1q
(.288)

1.834 3.223 .838 2.907

SeP6d 94.086 -.002X5A-.I82X3+.OOSX6+.OOlX7-.043Xg+.06IX9+.209X10 
(.001) (.181) (.005) (.002) (.027) (.132) (.363)

-9.483X4
(5.875)

1.498 4.539 .879 2.651

0cH d 76.823 -.OOIX5a -.104X3+.OOlX6-.002X7-.017Xg+.063X9+.070X10 
(.001) (.221) (.004) (.001) (.022) (.153) (.528)

-9.889X4 
(4.451)

1.091 9.552 .939 2.670

Ncv6d 75.769 +. 282X10-.184X3-5.924X4-.OOIX5a+.OOlX6-.OOZX7-.02IXg 
(.430) (.141) (5.973) (.001) (.005) (.002) (.025)

-.OOSX9
(.138)

1.286 7.174 .920 2.515

Dec6d 43.777 +.193X1Q-.239X3-.OOlX4+.003X6-.OOZX7-.OllXg-.OSZX9 
(.345) (.164)(10,451) (.010) (.002) (.041) (.194)

2.196 2.410 .738 '2.427
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T A B L E X I I .  S I X  M O N T H  F O R E C A S T I N G  E Q U A T I O N S  F O R  P R I C E  O F  C H O I C E  L A M B S ,  
( W E I G H T E D  A V E R A G E  O F  T H R E E  M O N T H L Y  O B S E R V A T I O N S )

C H I C A G O , 1955- 1968

M o n t h C o n s t a n t I n d e p e n d e n t  V a r i a b l e s  a n d  C o e f f i c i e n t s S E F R 2 D W

Jan6e 16.951 -.254X10-.086X3-.492X4+.005X6+.O O l X 7 - .005Xg+.128Xg 
(.215) (.145)(7,303) (.007) (.002) (.038) (.114)

2.036 2.612 .753 2.815

Feb6e 70.397 -.002X5b-.092X3-3.890X4-.002X5+.OOlX7-.013Xg+.152Xg 
(.002) (.170)(11.599) (.009) (.003) (.051) (.136)

2.504 1.704 .732 2.780

-.097X10
(.256)

M ar 6e 61.061 -.OOIX5b-.29O X 3+ . O O l X 6+ . O O l X 7 - .024Xg+.15 6X 9- . 003X10 
(.002) (.264) (.009) (.003) (.027) (.181) (.206)

2.267 2.373 .735 2.903

APr6e 102.41 -.126X2-.095X3-.002X5b-.003X6+.002X7-.019Xg+.025Xg 
(.200) (.128) (.002) (.007) (.003) (.039) (.130)

1.953 3.263 .839 2.961

+. 045X-LQ 
(.190)

May6e 33.575 -.028X2-.230X3+.013X6+.O O l X 7 - .033Xg-.038X9+.128X10 
(.132) (.087) (.005) (.002) (.022) (.111) (.131)

1.815 3.779 .815 1.668

Jim6e 39.027 +.130X10-.012X2-.201X3+.002X6-.00IX7-.OOlXg+.033Xg 
(.162) (.134) (.074) (.007) (.002) (.026) (.114)

1.756 2.904 .772 1.805



TABLE XII. (continued)

Month Constant Independent Variables and Coefficients SE F R2 DW

J"l6e 35.500 +.192X10-.OOSX2-.228X3+.007X6-.OOlX7-.019X8+.OSlX9 
(.285) (.181) (.100) (.007) (.002) (.032) (.145)

2.044 2.804 .766 2.374

■̂u§6e 95.086 -.004Xi-.159X2-.363X3-.OOlX6-.OOlX7-.028Xg+.083Xg 
(.004) (.156) (.156) (.001) (.002) (.027) (.142)

+.24SX10 
(.318)

1.854 3.140 .834 3.003

SeP6e 69.523 -.002X5A+.039X3+ .OOSX6-.OOlX7-.022Xg+.119Xg-.217X10 
(.001) (.180) (.005) (.002) (.024) (.128) (.448)

-10.300X4 . 
(5.656)

1.543 4.243 .872 2.737

0ct6e 81.103 -.OOIX5a -.119X3+.OOlX6-.002X7-.020Xg+.0ISX9+.109X10 
(.001) (.125) (.004) (.001) (.018) (.129) (.357)

-8.646X4
(4.348)

1.118 9.064 .936 2.514

N°V6e 78.841 -.025X10-.125X3-4 .480X4-.OOIX5a+.OOlX6+.OOlX7-.023Xg 
(.356) (.115) (7.408) (.001) (.006) (.002) (.026)

-.032X9 
(.118)

1.349 6.466 .912 2.289

Decse 38.132 +.OlSX1Q-.179X3-2,601X4+.004X6-.OOlX7-.007Xg+.009X9 
(.300) (.182)(13.006) (.012) (.002) (.051) (.204)

2.198 2.404 .737 2.450
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