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CHAPTER I 

INTRODUCTION 

Vpartici pants in the hog-pork industry in the United 

States are faced with an inelastic demand for their 

product at both the farm and retail levels of the market. 
/ 

Brandow estimated the price elasticity of demand for pork 

to be -0.45 at the farm level, and -0.75 at the retail / 

level.J Percentage changes in price are larger than 

percentage changes in quantity demanded for pork. 

Percentage increases in pork quantity cause percentage 

decreases in pork price to be more than that of 

corresponding quantity increases, thus reducing total 

receipts from the sale of pork and live hogs. For 

instance, hog marketings decreased 6 percent between 1972 

and 1973, while hog price increased 35 percent and gross 

income increased 30 percent or by $2.35 billion during the 

same period. When marketings increased by 12 percent 

between 1970 and 1971, hog price decreased 23 percent and 

gross income from hogs and pigs decreased 13 percent or by 

$606 millionc^^Therefore, changes in quantities of hogs 

produced can have large impacts on hog price and gross 

income received from the sale of hogs and pigs. 

Significant variations in retail pork and live hog prices 

such as these are typical phenomena in the U.S. hog-pork 

market. These price fluctuations create uncertainty in 

income levels and, subsequently, in the decision making 



process of hog producers and other participants in the 

industry. 

To understand the variations in pork and hog prices, 

an analysis of the factors that affect the prices of 

individual pork cuts is needed. Most previous studies of 

the demand for pork considered pork in the aggregate, 

using one average price to represent the prices of various 

cuts. However, consumers buy individual cuts; therefore, 

the use of one average price to represent the prices of 

various cuts may have tended to obscure some of the 

factors and relationships that affect the demand for 

different pork cuts. A comprehensive analysis of the 

demand for pork should include the price-quantity 

relationships for different cuts. 

Variations in prices of different pork cuts are not 

always directly related to or in proportion with those of 

all pork or even with other pork cuts. For example, ham 

price increased from 95.0 to 107.5 cents per pound from 

the third to fourth quarter of 1982, while Boston shoulder 

price decreased from 104.1 to 87.2 cents per pound during 

the same period. In 1975, pork belly price rose from 74.3 

to 98.8 cents per pound from the second to third quarter, 

but decreased to 79.6 cents per pound in the fourth 

quarter. During the same year, ham price increased from 

73.2 to 91.1 cents per pound between the second and third 

quarter. But, unlike the pork belly price, instead of 



declining during the fourth quarter, the price of ham 

increased to 103.8 cents per pound. Even though 

production of all pork cuts occurs simultaneously, prices 

of individual cuts do not react simultaneously to changes 

in their own production. Prices of individual cuts are 

not affected by changes in the price or quantity of the 

same substitute or complementary products. Changes in 

income are expected to affect the price of each cut 

differently, while seasonal patterns in demand for certain 

cuts might go unnoticed in the estimation of demand for 

all pork. A wide range of demand elasticities is expected 

among pork cuts; thus, it is likely that elasticities for 

each cut will be different from all pork. 

Numerous unique market relationships exist which 

affect the demand for individual pork cuts. An 

understanding of these relationships is essential for 

analyzing the demand structures in the pork sector. 

Objectives of the Study 

The overall objective of this study was to analyze 

the price and demand structure of the five major wholesale 

pork cuts including ham, belly, loin, picnic shoulder, and 

Boston shoulder. The specific objectives were: 

1. to analyze the past and recent trends in the 

production, consumption, and prices of pork cuts; 

2. to identify the major factors affecting prices of and 

demand for different pork cuts, and to estimate 



analytical econometric models representing the 

relationships which determine prices and demand; and 

3. to estimate the price and income elasticities or 

flexibilities for analyzing the effects of the factors 

that influence the demand for various pork cuts and to 

examine the implications of such changes with regard 

to prices of pork products. 

Time series data for the period 1970 to 1984 were 

used for the present study. Both annual and quarterly 

data were obtained for use in the estimation process. 

Since the overall objective of the study was to analyze 

demand for wholesale cuts, wholesale prices were obtained 

for each cut from The National Provisioner magazine. 

Wholesale prices were also obtained for beef and poultry. 

Separate consumption data for individual pork cuts were 

not available, thus consumption of each cut was estimated 

under various assumptions. Total consumption and income 

figures were divided by the U.S. population for estimation 

of the demand equations in per capita terms. 

To accomplish objectives 2 and 3, various econometric 

techniques, including ordinary least squares, seemingly 

unrelated .regression, and three-stage least squares, were 

employed to estimate the coefficients of demand equations 

for each cut. Elasticity or flexibility estimates were 

obtained for each cut to examine the implications of 



changes in the factors that affect the demand for the 

individual wholesale pork cuts. 

Organization of Presentation 

The general content of the chapters in this study 

includes an overview of the hog-pork market in the U.S. in 

Chapter II. This chapter contains a discussion of past 

and recent production and consumption of pork in the U.S. 

Historical trends in pork and all red meat consumption 

were analyzed to determine how consumption of pork has 

changed over time in comparison to beef and all red meat. 

Physical aspects of the five pork cuts were examined with 

regard to the location of each cut on the pork carcass, 

the percentage that each cut makes of the pork carcass, 

retail cuts obtained from each wholesale cut, and related 

factors. 

Chapter III includes reviews of previous research on 

pork demand and pricing. Most studies considered 

estimated demand for pork as that for a single product, 

while three studies concentrated on the price and demand 

structure for pork cuts separately. Econometric methods 

relevant to the current study as well as estimates such as 

elasticities of demand for pork or pork cuts reported in 

the past studies were also emphasized in Chapter III. 

Selected aspects of the demand theory discussed in 

Chapter IV were the basis for the hypothesized relations 

representing the demand structure for pork cuts in this 



study. Included in the chapter were discussions on the 

factors that affect price elasticities of demand, 

elasticities of demand at different market levels, and 

problems that arise when computing direct or own price 

elasticities from estimated own price flexibilities. A 

generalized demand equation and a structural model were 

developed to represent the demand structures for pork cuts 

on the basis of variables believed to affect the price of 

pork cuts. 

Chapter V contains a discussion of the methodology 

used to estimate the demand relations for each pork cut. 

Sources of data used in the estimation of pork cut demand 

and steps used for computing consumption for each pork cut 

were described. Alternative estimation techniques used in 

the present study were discussed along with methods used 

for evaluation of alternative estimates. 

Results obtained on the basis of different estimation 

methods were evaluated in Chapter VI for both annual and 

quarterly models. Performance of each demand estimate was 

evaluated in terms of prediction for the period of fit. 

Elasticity estimates, computed from the reciprocal of the 

price flexibility for each equation, were listed and 

compared with those obtained from previous studies on pork 

cut demand. An analysis of price and consumption data for 

each cut was also included. 



Chapter VII includes the summary of results of the 

study and a discussion of the economic implications of the 

results. Suggestions for further research on pork cut 

prices and demand were also discussed in this chapter. 



CHAPTER II 

OVERVIEW OP THE U.S. HOG-PORK MARKET 

The purpose of this chapter is to present a 

description of various aspects of the United States 

hog-pork sector of the livestock-meat economy. The 

importance of the hog-pork industry to the livestock as 

well as the overall economy will be introduced first. 

Also included will be sections on beef and pork 

consumption patterns, marketing activities involved in 

transforming the live animal into final consumer goods, 

characteristics of the five wholesale cuts in the present 

study, and storage stocks of pork cuts. 

Importance of the Hog-Pork Industry 
in the United States 

Total cash receipts from farm marketings of livestock 

products and crops in the United States were $139 billion 

in 1983. Of this total, $69 billion came from sales of 

livestock and livestock products. A total of 62 billion 

pounds of red meat animals were produced in the U.S. in 

1983, of which hog production made up 34 percent or 21 

billion pounds (Table 2.1). The hog-pork sector 

contributed $9.7 billion in cash receipts, 25 percent of 

total cash receipts from meat animals. The importance of 

the hog-pork sector is evidenced by the fact that cash 

receipts from farm marketings of hogs made up 7 percent of 

total cash receipts from agriculture in 1983. 
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Table 2.1: Red Meat Animals: Production, Cash Receipts, 
and Percentage, U.S., 1983. 

Meat 
Animals 

Production 
(1000 lbs) 

' Cash 
Receipts 
($1000) 

Percentage of: 
Production Cash Receipts 

Cattle & 
Calves 40,383,683 28,693,934 

Hogs 

Sheep & 
Lambs 

Total 

21,000,391 9,714,135 

757,972 418,309 

65.0 

33.8 

1.2 

62,142,046 38,826,378 100.0 

73.9 

25.0 

1.1 

100.0 

Source: USDA. Livestock and Meat Statistics; Supplement 
for 1983. Economic Research Service. 

Physical Aspects of Pork Cuts 

This section contains a description of the pork cuts 

used in the present research. The discussion will include 

locations of the cuts on the pork carcass, carcass 

percentages of each cut, and uses for each cut. 

The five wholesale pork cuts considered in this study 

include the ham, belly, loin, picnic shoulder, and Boston 

shoulder. A detailed chart of wholesale and retail pork 

cuts appears in Figure 2.1. The ham and loin are the two 

most valuable lean, primal cuts while the picnic and 

Boston shoulder are of less value. The belly is the fifth 

primal cut. Therefore, the five primal cuts are the ham, 

loin, picnic, Boston shoulder, and belly, the first four 

being further recognized as the four lean cuts (Romans and 

Ziegler, 1977) . 
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Figure 2.1: Wholesale and Retail Cuts of Pork 

Source: National Live Stock and Meat Board. 
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A variety of retail cuts can be obtained from the 

five wholesale pork cuts, as shown in Figure 2.1. Some 

cuts are sold fresh, while others are processed and frozen 

or canned. A ham is composed of a shank portion, a rump 

(butt) portion, and the center section and may be sold 

whole, either fresh or cured and smoked. The center 

section is the most valuable portion of the ham and often 

center slices are removed for sale. The most common use of 

the belly is to cure and smoke it which results in a cured 

and smoked slab of bacon. The most popular form of bacon 

is sliced bacon. The pork loin emcompasses a longer area 

of the carcass, including the area of the ribs, than does 

the beef or lamb loin. Pork loins are generally sold fresh 

and, according to Hacklander (1971), "have numerous uses 

as pork chops, high quality roasts, and are good variety 

items in the predominant beef meat purchases." The retail 

cuts of the Boston shoulder are the fresh bone-in Boston 

shoulder roast, the blade steak removed from the fresh 

Boston shoulder, the fresh boneless roast, and the cured 

and smoked boneless roast. Romans and Ziegler (1977) state 

that the boneless Boston shoulder is highly desirable, 

especially when cured and smoked. In this form it often 

rivals the boneless cured and smoked ham and generally may 

be sold at a slightly lower price. The picnic is less 

desirable from a palatability standpoint than the Boston 

shoulder, since it is located lower on the live animal 
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where smaller muscles are held together with large amounts 

of connective tissue, resulting in less tenderness in the 

cooked product. Retail cuts obtained from the picnic 

include the arm steak, arm roast, and boneless picnic. 

Often, picnics are boned out to obtain high quality 

sausage material. 

The ham (leg) is the largest single cut in the pork 

carcass, comprising on the average 19 percent of carcass 

weight. The belly is the second largest at 18 percent of 

carcass weight. The loin is usually the most valuable 

primal lean cut in the pork carcass and represents 

approximately 17 percent of carcass weight. The picnic 

usually comprises 9 percent of the pork carcass while the 

Boston shoulder represents 8 percent. These percentage 

figures are averages, with more muscular hogs with minimum 

finish having considerably higher percentage of their 

carcass or live weight represented by the ham and loin 

(Romans and Ziegler, 1977). 

Past and Recent Trends in 
Consumption of Pork 

In this section, consumption figures for red meat 

will be analyzed to detect any patterns that may have 

developed over the years, especially for beef and pork 

consumption. This will help determine whether beef or 

pork consumption represents a changing proportion of meat 
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consumption and reasons for these possible changing 

patterns. 

Consumption of all red meat (beef, pork, lamb, and 

veal) at the retail level in the U.S. has generally 

declined during the 1970's and 1980's. Mean for the period 

1970 through 1984 was 147.7 pounds per capita, ranging 

from 156.7 pounds in 1971 to 139.3 pounds per capita in 

1982 (USDA). However, when five year averages are 

analyzed, a decline in red meat consumption is apparent. 

During 1970 to 1974, average consumption was 150.9 pounds 

per capita. From 1975 through 1979, consumption was 148.2 

pounds, but dropped to 143.9 pounds for the 1980-1984 

period. This represents a decrease of almost 5 percent in 

total red meat consumption from 1970-1974 to 1980-1984. 

Beef and pork made up over 95 percent of all red meat 

consumed in the U.S. from 1970 to 1984. Participants in 

both the beef and pork subsectors are concerned about the 

overall decline in red meat consumption during the 15 year 

study period. There is also concern about which subsector 

of the meat industry is affected most by this decline in 

meat consumption. 

Beef consumption as a percentage of the total red 

meat consumption during the 1970-1974 period was 55.6 

while pork consumption as a percentage was 41.4 (Table 

2.2). Between 1975 and 1979, beef consumption was 59.3 

percent of the total red meat consumption while pork 
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Table 2.2: Beef and Pork Consumption as a Percentage 
of Total Red Meat Consumption 

Year 

Beef 
Cons. 
(%) 

55.4 

53.2 

55.8 

56.8 

56.6 

Beef Cons. 
5-year 

Ave. (%) 

55.6 

Pork 
Cons. 
(%) 

41.1 

43.6 

41.1 

40.5 

40.8 

Pork Cons 
5-year 

Ave. (%) 

41.4 

1970 

1971 

1972 

1973 

1974 

1975 61.2 35.2 

1976 61.7 35.1 

1977 60.3 59.3 36.7 37.8 

1978 59.4 38.0 

1979 53.9 44.1 

1980 51.8 46.3 

1981 53.2 44.7 

1982 55.4 54.0 42.4 43.9 

1983 54.7 43.2 

1984 54.7 42.9 

Source: USDA. Livestock and Meat Statistics: Supplement 
for 1983 and Livestock and Poultry: Outlook and 
Situation. Economic Research Service. 
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consumption was 37.8 percent of the total. During 1980 to 

1984, beef consumption declined to 54 percent of the 

total, whereas pork consumption increased to 43.9 percent 

of the total red meat consumption. Thus, beef consumption 

as a proportion of all red meat consumption increased and 

pork consumption decreased in the second half of the 

1970's. However, the proportion of beef to total red meat 

consumption during the 1980's declined below the level of 

the early 1970's, and the proportion of pork to total red 

meat consumption increased to a level above that of the 

early 1970*s. Therefore, pork consumption as a proportion 

of the total red meat consumption increased during the 15 

year period, whereas beef consumption as a proportion of 

total red meat consumption declined. 

Marketing of Meat Products 

Emphasis in this section will be on the marketing 

activities involved in converting the live meat animal 

into saleable meat products. These marketing functions and 

associated services include meat packing, fabrication, 

transportation, distribution, final cutting and 

processing, and retailing. 

The live animal is transformed into a carcass or 

primal cuts at the packing plant. Pork does not normally 

leave the packing plant in carcass form but is fabricated 

at the plant. Historically this procedure differed from 

that used in beef, veal, and lamb distribution where whole 
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carcasses were shipped from the packing plant to 

distribution centers. Today, more fabrication of 

carcasses of all these species as well as pork is taking 

place in the plant where the animals are slaughtered 

(Romans and Ziegler, 1977). For example, 80 percent of 

beef is fabricated beef that is vacuum-wrapped and shipped 

in boxes. According to Duewer (1984), packer fabrication 

generally costs less and is more efficient than retail 

fabrication. Boxed pork is now being tested by several 

packers. Most fresh pork is cut up by the packer, but is 

not currently vacuum-wrapped. 

Most meat movement is by truck and by firms 

specializing in transportation. Vacuum-wrapped and boxed 

products can be handled more efficiently than carcasses. 

Physical meat movement is accompanied by distribution to 

those who perform different services. Duewer (1984) states 

that: 

wholesalers may only warehouse and deliver the 
product to retail outlets. A purveyor may cut 
the product to customer specifications before 
delivery. A processor may sell directly to 
retailers or wholesalers- Some packers may also 
do their own processing. Grocery chains, food 
service chains and wholesale organizations of 
independent retail firms may buy directly from 
packers and provide their own distribution 
services. Packer sales offices may also service 
accounts in consuming areas, particularly for 
branded and processed products. 

Before reaching the retail outlet, most processed 

meats such a bacon, hamburger, and bologna are completely 

processed and wrapped. Only a small amount of centralized 
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cutting of fresh meat is performed by retail firms. Some 

beef sub-primals and boxed pork are sold as vacuum-wrapped 

cuts without cutting by local stores. Sales to final 

customers are either through food stores or eating 

establishments. Grocery stores cut and package fresh meat 

products to provide the consumer a choice of cuts, package 

size, and grade of meat (Duewer, 1984). 

Production and Storage 
Stocks of Pork Cuts 

The supply of pork available for consumption during a 

period consists of production during the period plus 

imports during the period plus storage at the beginning of 

the period. Thus, storage stocks of pork may affect 

market supply and prices of pork. 

Highest pork production generally occurs during the 

fourth quarter of the year and lowest production levels 

usually occur during the third quarter^ Because pork cuts 

are produced in approximately the same proportion from 

each pork carcass, production of pork cuts will coincide 

with production of all pork.^Increased pork porduction 

during the fourth quarter of the year acts to increase 

stocks at the end of the fourth quarter for the belly, 

loin, and picnic, and low pork production during the third 

quarter decreases the stocks of these cuts at the end of 

the third quarter. However, for the ham, stocks are at 

their lowest levels at the end of the fourth quarter of 
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the year, indicating that consumption of hams is generally 

higher during this quarter. 

Storage stocks of certain pork cuts make up a large 

proportion of production of those cuts. Storage of ham at 

the end of the second quarter of 1972 was 17.8 percent of 

ham production during the quarter while storage was 4 

percent of ham production at the end of the fourth quarter 

of 1982. Belly storage as a percentage of belly 

production was as much as 19.6 at the end of the second 

quarter of 1981 and as little as 0.9 at the end of the 

third quarter of 1977 (USDA). 

Storage of loins and picnics at the end of the 

quarter makes up a small percentage of production of these 

two cuts. More precisely, the proportion does not exceed 

4 percent for either cut. Loins cannot be stored for more 

than 60 days because the fat becomes rancid, so loins are 

usually sold fresh. A data series for Boston shoulder 

storage was not quoted for the entire 15 year study period 

and was thus assumed to be negligible. 

End-of-quarter storage stocks of ham and bellies make 

up a relatively large percentage of production of these 

cuts during the quarter and therefore could have an effect 

on market supplies and prices of these cuts. However, 

storage of loins, picnics, and Boston shoulders makes up a 

small proportion of production of these cuts and should 

have little effect on prices or supply of these cuts. 
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Summary of Overview 

Cash receipts from sales of beef and pork made up 74 

and 25 percent, respectively, of total cash receipts from 

sales of red meat animals in the U.S. in 1983. Although 

per capita consumption of both pork and beef declined 

during the 1970-1984 period, pork consumption made up an 

increased proportion of total red meat consumed, while the 

proportion of beef to total meat consumption decreased. 

During the 1980's, pork has made up almost 44 percent and 

beef 54 percent of total red meat consumption. 

The five wholesale pork cuts, including ham, belly, 

loin, picnic, and Boston shoulder, make up 71 percent of 

the pork carcass. Various retail cuts are obtained from 

these wholesale cuts, and are sold fresh, frozen, or 

processed. The ham, loin, picnic, and Boston shoulder are 

recognized as the four lean, primal cuts, and the belly 

the fifth primal cut. 

Production of pork cuts is generally lowest during 

the third quarter of the year and highest during the 

fourth quarter. Thus, the storage stock of most pork cuts 

is usually lowest at the end of the third quarter and 

highest during the fourth quarter of the year. However, 

ham storage was found to be lowest at the end of the 

fourth quarter, indicating that ham consumption may be 

higher during the fourth quarter relative to other 

quarters of the year. A large portion of ham and belly 
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production is often stored, and this may have an effect on 

market prices of these cuts. 



CHAPTER III 

REVIEW OF LITERATURE 

Most previous studies of the pork market have dealt 

with pork as a single product, emphasizing the 

determination of the factors that affect pork and/or live 

hog prices and consumption. Several of these studies are 

discussed in this chapter. Three research projects that 

deal with pork cuts are reviewed for an understanding of 

the basic price determining forces for pork cuts. 

Hacklander analyzed five wholesale pork cuts, Duewer 

examined prices of eight retail cuts, and Foote et al. 

conducted an extensive study on cash and futures prices of 

pork bellies. 

Studies of Pork and Live Hog Prices 

The primary purposes of the study by Brandow (1961) 

were (1) to obtain a description of the relation between 

prices of farm products and the quantities that can be 

sold at those prices and (2) to use this information to 

suggest possibilities for increasing farm prices and 

farmers' cash receipts through supply control. A retail 

demand model expressed consumption of 24 foods or food 

groups as functions of their own prices, nonfood prices, 

and income. Farm-level demands for domestic food 

consumption were estimated by taking into account 

marketing margins between the farm and retail levels. A 

21 
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three year time period of 1955 through 1957 was used to 

estimate the parameters of the model. The elasticities of 

demand for pork at both the retail and farm level were 

estimated to be -0.75 and -0.45, respectively, while the 

income elasticity of demand for pork at the retail level 

was estimated to be 0.32. 

Fuller and Ladd (1961) estimated eight equations for 

studying the beef and pork marketing sector using 

quarterly data for the period beginning with the third 

quarter of 1949 and ending with the first quarter of 1960. 

Quarterly analysis of demand and of the marketing system 

of these two products is helpful because variations in 

production, margins, and prices are not only important 

from year to year but also during the year, especially for 

pork. The estimated eight equations included two consumer 

demand equations, two meat inventory equations, two 

farm-to-wholesale marketing margin equations, and two 

wholesale-to-retail marketing margin equations. The 

equations were estimated using a single equation 

estimation procedure which permits autocorrelation in the 

error term. 

The consumer demand equation for pork expressed pork 

price as a function of pork consumption, beef consumption, 

consumer income, and lagged pork consumption. Results 

indicated that pork quantity was the most important 

variable in explaining variations in pork price. The sign 
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associated with the estimated income coefficient was 

negative but statistically insignificant. The computed 

short run and long run price flexibilities for pork were 

-.90 and -1.02, respectively. These estimated flexibility 

results are contrary to most arguments on the behavior of 

demand elasticity through time which state that demand 

will be more elastic in the long run relative to the short 

run. 

A stock equation for pork was also estimated. 

Desired end-of-period stocks were dependent on change in 

pork production, storage stocks held in the two previous 

periods, change in farrowings from spring to fall, and 

change in pork producution during the first, third, and 

fourth quarters. The change in beef production was not 

statistically significant in the equation. 

Tomek (1965) tested the hypothesis that the demand 

for individual food items in the United States is becoming 

more inelastic. Specifically, he wanted to find out if 

the retail price elasticities of demand for beef, pork, 

and broilers were becoming smaller in absolute value over 

time. A model utilizing quarterly data from 1949 to 1964 

was used. The period was divided into two subperiods 

(1949-1956 and 1956-1964) to identify changes in the price 

elasticities of demand. Prices for the three meat items 

were determined jointly while quantity, income and the 

consumer price index were all predetermined. Ordinary 
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least squares regression was used and price elasticities 

were measured at the mean of the two periods. Dummy 

variables were used to represent seasonal variations in 

demand for the items. The results suggested that changes 

in elasticities between the two periods were small. For 

beef and broilers, both the demand and supply shifted to 

the right resulting in little change in the elasticities 

of demand. Pork consumption stayed fairly stable over the 

time period; therefore, any change in the elasticity at 

the mean can be attributed to a change in the slope. 

Estimates indicated that demand for pork became slightly 

more elastic rather than inelastic in the later period, 

with the elasticity estimate increasing from -0.83 to 

-0.90. 

The primary objective of the study by Hayenga and 

Hacklander (1970) was to estimate the effects of factors 

causing monthly cattle and hog price fluctuations. Five 

simultaneous equations were specified which incorporated 

the major behavioral variables expected to influence the 

monthly supply and demand for live cattle and hogs and the 

monthly change in pork storage. Two-stage least squares 

procedure was used to estimate the parameters of the 

equations based on monthly data for the April 1963 through 

June 1968 period. 

Results indicated that both monthly cattle and hog 

prices were responsive to changes in their own supply 
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during the period. Demand increases due to per capita 

income and population changes were much more pronounced 

for cattle than for hogs. The price flexibility for live 

hogs with respect to hog quantity was estimated to be 

-1.6, while the price flexibility for live cattle with 

respect to cattle quantity was estimated to be -1.1. This 

suggests that hog price is more responsive to percentage 

changes in its own live supply than is cattle price to 

equivalent changes in its own supply. Monthly dummy 

variables indicated that the demand for cattle was weakest 

in July and December, while the demand for hogs was 

weakest in August through October and strongest in 

December. Monthly pork storage was found to increase when 

the market supply of fresh pork increased. The estimated 

price coefficient suggests that a higher price level 

encourages storage reductions. Seasonal outmovements from 

storage are typically associated with the months of June 

through September. 

Myers, Havlicek, and Henderson (1970) developed a 

simultaneous equation system to identify and measure the 

underlying monthly structural relationships of the 

hog-pork sector of the United States. The ten equation 

model consisted of eight stochastic equations and two 

market clearing identities for pork and beef. The eight 

stochastic equations were: (1) the market supply of live 

slaughter hogs; (2) the farm market supply of live 
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slaughter cattle; (3) the retail to farm price margin for 

pork; (4) the retail to farm price margin for beef; (5) 

the supply of pork to the retail sector; (6) the retail 

demand for pork; (7) the retail demand for beef; and (8) 

the retail demand for broilers. 

Two-stage least squares procedure was employed to 

estimate the structural parameters using monthly data for 

the period 1949 through 1966. The model was evaluated 

based on its performance in predicting the monthly values 

of the 10 endogenous variables 18 months beyond the period 

of fit. The model performed well in predicting changes of 

direction for quantity variables, but poorly for price 

variables. Theil's inequality coefficient was used as a 

measure of the accuracy of prediction for the entire 

18-month period, three 6-month subperiods, and two 

12-month subperiods. U2 coefficients for the three 

6-month subperiods ranged from 0.498 to 0.831, while U2 

values for the entire period and the two 12-month 

subperiods were from 0.626 to 0.717. The authors 

concluded that further refinement was needed in both the 

forecasting model and methods for evaluating forecasts. 

George and King (1971) estimated a demand 

interrelationship matrix for 49 major food commodities in 

the United States. The commodities were divided into 15 

separable groups and a demand equation was estimated for 

each commodity in a given group. Both annual and 
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quarterly data were used. Demand equations were specified 

with quantities as dependent variables. Prices of all 

commodities in the same group and income were used as 

explanatory variables. Thus, it was possible to obtain 

the direct price elasticity and cross-price elasticities 

with respect to all the commodities in the same group from 

a given demand equation. The direct price elasticity of 

pork at the retail level was estimated to be -0.413. An 

analysis of the farm-retail price spread was also 

conducted in which an elasticity of transmission for pork 

was estimated to be 0.583. The elasticity of price 

transmission is the ratio of relative change in retail 

price to the relative change in the farm-level price. 

Roy, Foote, and Sadler (1976) developed econometric 

models to analyze the short-run price determining factors 

for live hogs. Quarterly and monthly models were 

formulated and the performance of these models was 

evaluated in terms of accuracy of prediction within and 

beyond the period of fit. A simultaneous equation model 

of four structural relations was developed to identify the 

price determination process within the hog-pork sector. 

The four equations and their content were: (1) 

consumption of pork expressed as a function of the retail 

price of pork, disposable income, and consumption of 

substitute meats including beef and/or poultry, (2) live 

hog price dependent on retail pork price, the wage rate at 
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meat packing plants, and production of pork, (3) cold 

storage stocks of pork products expressed as a function of 

expected levels of production and consumption of pork one 

and two periods ahead, and (4) the market clearing 

identity equating pork consumption with production of pork 

and net storage movement during the period. 

The three-stage least squares method was applied to 

quarterly and monthly data for the period 1957 through 

1971 to obtain the estimates of the structural equations. 

Alternative models were evaluated with regard to 

prediction by means of Theil's inequality coefficient. 

Results of the selected models for four quarters and five 

months indicated that most of the major relationships were 

significant. The monthly models failed to predict prices 

accurately beyond the period of fit, whereas the quarterly 

models produced reasonable predictions of prices. 

Roy and Young (1977) analyzed the long-run demand for 

pork to determine how it had changed over time. A series 

of equations was developed with consumption of pork as a 

function of pork and beef price and consumers' disposable 

income. Ordinary least squares procedure was employed to 

estimate the equations based on annual data from 1950 to 

1973. These equations were estimated in actual and 

logarithmic terms. The results indicated that changes had 

occurred in the demand for pork over the period studied. 

The own price elasticity remained fairly stable over the 
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period, while the cross-price elasticity with respect to 

beef declined to the point where pork is somewhat less 

dependent on the demand for or price of beef. Thus, the 

substitution between beef and pork has become relatively 

low. The most important change seemed to have occurred in 

the income elasticity of demand. The elasticity value was 

negative in earlier periods but became positive in later 

periods. 

Roy and Faraj (1984) developed a four equation model 

for analyzing and estimating quarterly live hog and retail 

pork prices. The model was based on an earlier model by 

Roy, et al. (1976). The equations in the model were 

estimated using the three-stage least squares procedure 

based on quarterly data for the period 1976 through 1982. 

The model's accuracy was evaluated by comparing the 

estimated values with the actual values. Theil's 

inequality (U2) coefficients were computed to test the 

model's performance for the period of fit. The model's 

estimates were found to be most accurate for consumption 

of pork, with a U2 coefficient of 0.132. The remaining U2 

coefficients were 0.558 for live hog price, 0.326 for 

end-of-quarter storage, and 0.766 for retail pork price. 

Studies of Pork Cut Prices 

The basic objective of a study by Duewer (1970) was 

to determine the price-quantity relationships of eight 

retail pork cuts at three retail grocery outlets. The 
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eight cuts included the loin, ham, butt, spareribs, 

sausage, picnic, bacon, and lunch meat. The basic model 

used for each cut represented the price of the specified 

cut as a function of quantity of the cut, retail beef 

price, retail poultry price, production of all red meat, 

poultry production, and per capita income. Multiple 

regression was used to estimate the equations using 

monthly data for the period 1965 through 1969. 

Since published data on the quantities of individual 

cuts were not available, logical assumptions were used to 

calculate or estimate the necessary data. Generally, total 

civilian carcass availability is derived from pork 

production plus net imports less military consumption. 

Multiplying by each cut's share of the pork carcass yields 

civilian availability of each cut. Beginning storage of 

each cut is added to this and ending storage of each cut 

is subtracted to obtain consumption of each cut during the 

period. 

A section on pork demand theory was presented with 

demand for all food stated to be inelastic because food is 

a basic necessity of life. Large percentage changes in 

price are associated with relatively small percentage 

changes in consumption. Demand for meat is more elastic 

because meat itself is not a necessity in the diet and 

meat substitutes are available. Quantity of pork purchased 

can vary more with price because consumers can substitute 



31 

other meats as well as other foods for pork. The demand 

for individual pork cuts may be highly elastic because of 

close substitutes, including other pork cuts. 

Results for each pork cut were quite similar for each 

of the three types of outlets. Beef price was significant 

only for sausage and lunch meat while poultry price and 

production were both found to be significant variables in 

all 24 equations. One would normally expect poultry price 

and poultry production to be highly and negatively 

correlated; however, even though poultry production 

increased significantly during the period, poultry price 

did not decrease. Income was a significant positive 

variable for all cuts except lunch meat. A considerable 

monthly variation in pork prices occurred, indicating that 

the seasonal variation in production and the amount 

desired by consumers have not been adjusted completely by 

storage. Elasticities of demand for each cut were 

calculated by estimating the equations as quantity 

dependent and using price as an explanatory variable. Own 

price elasticities for several cuts were as follows: -1.2 

for loins; -0.8 for ham; -0.9 for Boston butts; -0.8 for 

picnics; and -0.6 for bacon. All income elasticities were 

found to be postive, indicating that all cuts are normal 

goods. 

Hacklander (1971) analyzed the price relationships 

among wholesale beef and pork cuts. The general objectives 
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were to: (1) determine the factors affecting demand and 

supply for the cuts, (2)^estimate these relationships, (3) 

analyze price relationships among cuts, (4) analyze 

live-wholesale price relationships, and (5) use the models 

to estimate cut prices several months ahead. The 4 beef 

cuts included rounds, arm chucks, loins, and ribs, while 

the 5 pork cuts were hams, bellies, loins, picnics, and 

butts. The objective most relevant to the present study 

was objective (2) of which a detailed review of methods 

and results follow. Procedures used to accomplish 

objectives (3) and (4) will be discussed briefly. 

The structural model used to estimate the factors 

affecting demand and supply for the cuts consisted of 18 

stochastic equations and two identities. The equations 

included price dependent demand equations for all nine 

cuts, production equations for beef and hogs, steer and 

hog price equations, change in storage equations for the 

five pork cuts, and two identities for changes in steer 

and hog prices equal to the price at the end of the month 

less the price at the beginning of the month. Monthly data 

for the period 1962 through 1969 was used. The wholesale 

cut prices were obtained from The National Provisioner 

while all other data were obtained from USDA and other 

government sources. 

The five demand equations for the pork cuts expressed 

price as a function of production of cattle, production of 
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hogs, change in storage of the cut, storage of the cut at 

the beginning of the month, per capita personal income, 

turkey production, chicken production, and monthly dummy 

variables. Change in storage for the pork cuts was 

dependent on price of the cut, production of hogs, storage 

at the beginning of the period, and monthly dummy 

variables. Live hog price was expressed as a function of 

the prices of the five pork cuts and monthly dummy 

variables. 

The two-stage least squares procedure was used to 

obtain the estimates of the structural parameters. 

Results indicated that all the price flexibilities with 

respect to pork quantity for the pork cuts were greater 

than one. Belly price was highly responsive to quantity 

changes with a flexibility of -2.5, reflecting its rather 

limited use as bacon for which substitutes are few. A 

high flexibility for butts also indicated relatively 

limited use. Pork loin price was the least flexible of 

the pork prices to quantity changes probably because loins 

have numerous uses. The flexibilities of ham and picnic 

prices were similar probably because of the close 

substitutability between them. 

In analyzing price relationships among cuts, beef and 

pork cut price ratios were regressed on relevant 

explanatory variables used in the normalized wholesale 

price equations. In examining live-wholesale price 



34 

relationships, both the wholesale cut price/live price 

ratio and the difference between these two prices were 

estimated as dependent variables for each cut. Ordinary 

least squares was used as the estimation procedure to 

accomplish both of these objectives. 

Foote, Williams, and Craven (1973) studied factors 

that affect the pork belly sector and derived a set of 

quarterly three-equation models to predict wholesale cash 

prices for fresh pork bellies at Chicago, quarterly 

consumption of pork bellies, and end-of-quarter storage 

stocks of pork bellies. A set of monthly three-equation 

models was also developed; however, the calculated monthly 

prices were at times quite different from actual prices. 

The authors observed that although published studies 

considered relations between price and consumption of 

pork, the demand function for bacon probably differed 

materially from that for all pork. However, factors that 

affect the demand for storage for all pork may be similar 

to those that affect such demand for bellies. 

Consumers' major use for bacon was presumed to be as 

a breakfast meat; therefore, most of the demand for bacon 

must be associated with its use or lack of use at 

breakfast. It was also hypothesized that eggs and bacon 

were complementary goods. Thus, consumption of pork 

bellies was found to be affected by wholesale pork belly 
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prices, disposable personal income, and, during some 

periods of the year, consumption of shell eggs. 

Desired end-of-quarter stocks were assumed to depend 

chiefly on the difference between expected production and 

expected consumption for each of the two upcoming 

quarters. Expectations for production were assumed to 

reflect knowledge about the share of the pig crop that 

would be marketed in each quarter based on published 

information in the quarterly Hogs and Pigs. Expectations 

for consumption were assumed to depend on expectations 

concerning consumer income based on a projection of recent 

trends and prices. 

Stocks were assumed to accumulate because storage 

profits were expected. If the more distant futures price 

is above the nearby futures price or cash price of pork 

bellies enough to cover the storage price, those storing 

bellies can buy the cash commodity, sell an equal amount 

in the futures market and realize a profit regardless of 

what happens to the price level. This can account for the 

amount of pork bellies in storage. 

The estimates of the quarterly equations were 

obtained using three-stage least squares for the period 

1957 through the first quarter of 1971. The model was 

fitted both in total and per capita terms. Forecasting 

performance was evaluated using Theil's inequality 

coefficients. All U2 coefficients were less than unity, 
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indicating that calculated values of endogenous variables 

of the model were more accurate than the "no-change" 

forecasts. 

Most of the previous research on pork prices has 

I emphasized the estimation of the price and demand 

sturcture of pork as a single product, while three studies 

concentrated on determining demand relationships for 

individual pork cuts. Many of the factors that were found 

to affect the demand for all pork were used as factors 

that affect the price or demand for different pork cuts. 

Several studies contained simultaneous equation models to 

represent the demand for pork including a price or 

consumption equation, an end-of-period stock equation, a 

live hog price equation, and a market clearing identity. 

Estimation techniques employed in these studies included 

two and three-stage least squares, while single equation 

estimation of pork or pork cut demand was accomplished 

using ordinary least squares. Theil's inequality 

coefficient was used to evaluate the predicitve 

performance of several studies, and price elasticities or 

flexibilities of demand for pork or pork cuts were 

estimated in most studies. 



CHAPTER IV 

CONCEPTUAL FRAMEWORK 

The purpose of this chapter is to consider the 

factors that affect the price or demand for individual 

pork cuts. A discussion of price elasticities of demand 

and factors which influence elasticities will be 

presented. Problems encountered in the derivation of 

price elasticities from estimated price flexibilities will 

also be examined. Hypothesized demand models, generalized 

for all five cuts, will be presented along with a 

discussion about the variables expected to affect the 

price of pork cuts. 

Determinants of Demand for a Product 

Consumers desire a product because (1) it satisfies 

some need, whether it be an absolute or a pleasurable 

need, and (2) another product which will satisfy that need 

at a lower cost does not exist. Each consumer can derive 

a level of satisfaction from many different combinations 

of goods and services. The consumer is assumed to behave 

rationally; that is, he will choose among alternatives 

available to him in such a manner as to reach the highest 

level of satisfaction possible. The consumer maximizes 

his/her satisfaction within the limits of his income, 

causing him/her to choose the satisfaction maximizing 

combination of goods that can be purchased with his/her 

37 
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given income, assuming that all income is spent. Thus, 

the quantity demanded of a product is a function of the 

price of the product in question, prices or quantities of 

other products, and the consumer's income, expressed as 

follows: 

q̂  = f(Pi/ Pj or q^, I) (4.1) 

where q̂  = quantity demanded of product i; 

p^ = price of product i; 

p. = prices of other products, where j=l,2,...n; 

q. = quantities of other products, where 

j=l,2,...n; 

I = consumer's income. 

Traditionally, the demand equation is expressed with 

the quantity demanded (consumption) dependent on the 

various forces which affect it. However, since market 

supplies of many agricultural commodities, including pork, 

are determined in a previous time period, it is more 

appropriate to estimate demand with price of the product 

in question as the dependent variable. Thus, equation 

(4.1) is rewritten as: 

^i ^ ^^^i' Pj o^ ^j' ̂ ^• (4.2) 

The most important variable in equation (4.2) in 

explaining variation in the price of product i is the 

quantity of product i. An increase in the quantity 

available for consumption will act to decrease the product 
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price in order to clear the market. Thus, the sign of the 

coefficient associated with q. is expected to be negative. 

The prices or quantities of other products, defined 

as product j, will also affect the price of product i by 

acting as demand shifters. If the consumer thinks of 

goods i and j as being related to one another, the 

relationship may be either one of complementarity or one 

of substitutability. Generally, two goods are complements 

if an increase (decrease) in the consumption level of one 

increases (decreases) the relative desirability of the 

other to the consumer. An increase (decrease) in the 

price of j will decrease (increase) p. while an increase 

(decrease) in quantity demanded of j will increase 

(decrease) p., holding q. and I constant. Thus, the 

coefficients for p. and q. are expected to possess 

negative and positive signs, respectively, if i and j are 

considered complementary products. If the goods are 

substitutes for each other, an increase (decrease) in the 

consumption level of one will decrease (increase) the 

relative desirability of the other. An increase 

(decrease) in the price of j will increase (decrease) p., 

while an increase (decrease) in q. will decrease 

(increase) the price of i, holding q. and I constant. The 

signs of the coefficients associated with p. and q. are 

expected to be positive and negative, respectively, if 

products i and j are substitutes (Leftwich, p. 83). 
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Products are sometimes classified as normal or 

inferior depending upon how their consumption varies as 

income changes. Consumption of a normal good increases as 

income increases, while consumption of an inferior good 

decreases with increases in income. Thus, the sign of the 

income coefficient will be positive for a normal good and 

negative for an inferior good. 

Price Elasticities and Their 
Use in Demand Analysis 

The own price elasticity of demand for product i is 

defined as the percentage change in quantity demanded of i 

due to a one percent change in the price of i, holding 

everything else constant, and is written as: 

Price elasticities of demand are pure numbers, 

independent of the units in which prices and quantities 

are measured. The range of the price elasticity 

coefficient is from zero to minus infinity. This range is 

separated into three absolute value classes. If the 

coefficient is greater than one, demand is said to be 

elastic. The percentage change in quantity demanded is 

greater than the corresponding percentage change in price. 

If the coefficient is less than one, demand is said to be 

inelastic. The percentage change in quantity is less than 

the corresponding percentage change in price. Quantity 

demanded is relatively unresponsive to price changes. A 
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coefficient equal to one represents the case of unitary 

elasticity. The percentage change in quantity is equal to 

the percentage change in price (Tomek and Robinson, p. 

46). 

An important reason for employing the elasticity 

concept when dealing with demand curves is that it 

provides a convenient method of indicating the behavior of 

total revenue. Since the two components of total revenue, 

price and quantity, are inversely related, it is not 

obvious how changes in price will influence total revenue. 

It is, however, possible to determine how given percentage 

changes in price affect total revenue if the magnitude of 

the price elasticity of demand coefficients are known. 

If demand is elastic in the relevant range of prices, 

then price and total revenue vary inversely. A price 

increase will decrease total revenue and a price decrease 

will increase total revenue. This is because the 

percentage change in quantity demanded is greater than the 

percentage change in price. A one percent decrease in 

price, for example, results in a more than one percent 

increase in quantity taken; therefore, total revenue 

increases as price decreases. 

When demand is inelastic, price and total revenue 

vary directly. A price decrease would cause quantity 

demanded to be proportionally less than the price 

decrease, and total revenue would decrease. Likewise, a 
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price increase will decrease quantity demanded 

proportionally less than the increase in price and total 

revenue will increase. 

If elasticity were unitary, the proportional increase 

in quantity sold would equal the proportional decrease in 

price, and total receipts would remain unchanged. For 

price increases, the effects on quantities taken will be 

just the opposite. 

Marginal revenue (MR) can be expressed in terms of 

price elasticity as: 

MR = P(l/E + 1) , (4.4) 

Thus, if demand is elastic, marginal revenue will be 

positive and total revenue is rising because percentage 

increases in quantity more than offset percentage 

reductions in price. However, the shape of linear demand 

functions is such that when demand elasticity is greater 

than |-l|f total revenue rises at a diminishing rate. This 

means that although MR is greater than zero, it has a 

negative slope. When the elasticity coefficient is equal 

to -1, percentage changes in price and quantity exactly 

offset each other, TR is at a peak and constant, and MR = 

0. When demand is inelastic, total revenue is falling, and 

marginal revenue is less than zero. 
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Factors Affecting Own Price 
Elasticity of Demand 

The major factors influencing price elasticity of 

demand are: (1) the availability of good substitutes for 

the item under consideration, (2) the number of uses to 

which it can be put, (3) its price relative to buyers' 

purchasing power, and (4) whether the price established is 

toward the upper end of the demand curve or toward the 

lower end of the curve (Leftwich, p. 53). 

The availability of substitutes is the most important 

of the factors listed. If good substitutes are available, 

demand for a given product or resource will tend to be 

elastic. With regard to (2), the wider the range of uses 

for a product or resource, the more price elastic the 

demand will tend to be. The greater the number of uses, 

the greater the possibility there is for variation in 

quantity taken as its price varies. The explanation for 

(3) is that the demand for goods that take a large amount 

of buyers' purchasing power is more likely to be elastic 

than the demand for goods that are relatively unimportant 

in this respect. Finally, (4) means that if the ruling 

price is toward the upper end of the demand curve, demand 

is more likely to be elastic than if it were toward the 

lower end. This is a mathematical determinant of 

elasticity, and its validity depends on the shape of the 

curve (Leftwich, pp. 53-54). 
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Elasticities at Different Market Levels 

The elasticity of demand for all food is considered 

to be relatively low. The inelastic nature of demand 

implies that, within budget limitations set aside for food 

requirements, large increases or decreases in prices of 

food will not have equally as large impacts on the 

consumption of all foods. Additionally, the demand for red 

meats (pork, beef, veal, lamb, and mutton) is said to be 

relatively inelastic, again indicating that the 

consumption of red meat will assume somewhat of a stable 

nature, regardless of its price changes. However, the 

demand for each individual commodity assumes a more 

elastic value at the retail level. A relatively elastic 

demand implies that the commodities which make up the red 

meat portion of the food diet are, to some extent, 

competing with each other. The quantity of meat purchased 

can vary more with price because the makeup of the diet is 

more flexible than the mere physical need for food. Thus, 

pork demand is more elastic than the demand for all meats 

because other meats as well as other foods can substitute 

for pork. The demand for an individual pork cut may be 

even more elastic because of very close substitutes. This 

substitution may come from other meats or even from other 

pork cuts. 

On graphs of the same scale, the more inelastic the 

demand, the steeper is its plotted curve. However, the 
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slope of a demand curve is not the same as its elasticity. 

Figure 4,1 shows how the demand for food products 

generally become more price elastic as the products move 

toward the consumer. This reflects the greater 

substitution possibilities for food items at the local 

store than for commodity items at the farm level (Kohls 

and Uhl, p. 158), 

Figure 4.1: Demand Functions at Different 
Market Levels 

Problems in Deriving Elasticities 
from Estimated Flexibilities 

As was stated previously, consumption of many 

agricultural commodities such as pork is often 

predetermined; thus, it is more appropriate to estimate 

demand for these products with the price of the product 

dependent on the factors that affect it. When price 

dependent equations are estimated, the own price 

flexibility is obtained directly from the equation. The 

own price flexibility of product i is defined as the 
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percentage change in price of i due to a one percent 

change in quantity of i, other factors assumed constant, 

and is written as: 

Fp̂ /q̂  = Sp̂ /̂ qi • q^/Pi. (4.5) 

The own price elasticity of product i is obtained by 

calculating the reciprocal of the own price flexibility. 

However, Houck (1965) has demonstrated that the reciprocal 

of the own price flexibility is the lower absolute limit 

of the corresponding own price elasticity. The difference 

between the two depends upon how strongly other products 

substitute or complement product i. 

To explain the problem of estimating own price 

elasticities from the reciprocal of the own price 

flexibility, assume that E is a nxn demand elasticity 

matrix with own price elasticities down the diagonal and 

cross elasticities as off diagonal elements. The 

elasticity at the intersection of the i-th row and the 

j-th column, e. ., is the percentage change in quantity 

demanded of product i caused by a one percent change in 

price of product j. Let F be the corresponding square 

matrix of price flexibilities for the n commodities where 

the flexibility f.. is the percentage change in price of i 

associated with a one percent change in quantity of j. It 

has been shown that 

F = E"-̂  and FE = I (4.6) 
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where I is an nxn identity matrix. Thus, the sum of 

the inner products of the i-th row of F and the i-th 

column of E is equal to one. Using the first row and 

column of F and E, respectively, 

^11^1 + ^12^21 + ^13^31 + ••• ^ ^m^nl =l-(4.7) 

The first product f]̂ ]̂ ©]̂ ]̂  will be positive and equal 

to or greater than one. This is because each of the other 

terms will generally be negative or zero. For example, if 

commodity 2 is a substitute for commodity 1, then f,2 will 

be negative and e,2 will be positive. But, because of the 

symmetry relation among demand elasticities, ê -. will also 

be positive, making fi2®21 '^®9^tive. If commodity 3 is a 

complementary product with 1, then f,^ will be positive 

and e,^ negative. Therefore, e-, is expected to be 

negative, making f-î e-̂  negative also. If two commodities 

are independent, the inner product will be zero. Since all 

terms of equation (4.7) but the first are negative or 

zero, 

or 

|eill> |l/fiil 

and, in general 

"The reciprocal of the direct price flexibility forms the 

lower limit, in absolute terms, of the direct price 

elasticity." Stronger cross effects of substitution and 
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complementarity will cause e.. to depart even farther from 

1/fj^^. If no cross effects exist, then e. . will equal 

1/f^^ (Houck, 1965). 

Houck also states that even though the reciprocal of 

price flexibility is not a reliable elasticity estimate, 

it can still be useful for many purposes. The reciprocal 

of the estimated direct price flexibility would be an 

indication of the minimum percentage decrease in quantity 

demanded at the specified market level due to each one 

percent increase in price. 

Hypothesized Demand Equations for 
Five Wholesale Pork Cuts 

The relationship described in equation (4.2) is the 

basis for the hypothesized demand equations for the five 

wholesale pork cuts ananlyzed in this study. The equation 

for the i-th pork cut is generalized as follows: 

PjL = f(qj/ Pj/ Pk °^ ^k' ^̂  ^^'^^ 

where p. = wholesale price of the i-th pork cut; 

q. = per capita consumption of the i-th pork 

cut; 

p. =s wholesale price of substitute products, 

such as beef and/or poultry; 

p. = wholesale prices of other pork cuts, 

defined as the k-th pork cut; 

q. = per capita consumption of other pork cuts, 

defined as the k-th pork cut; 
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I - per capita disposable personal income. 

The price of substitute products beef and/or poultry, 

Pj, is expected to affect the price of the i-th pork cut 

because beef and poultry are hypothesized to be substitute 

products for pork. In the particular i-th equation in 

which either beef or poultry price appears, an increase in 

the price of beef or poultry is expected to increase the 

price of the i-th cut because the consumer will demand 

more of the relatively cheaper cut, in this case, the i-th 

pork cut. Price of the i-th cut increases because the 

demand curve for the i-the cut has shifted up and to the 

right. Thus, holding other factors constant, such as 

consumption of the i-th cut, price or consumption of other 

products, and consumers' income, price of the i-th pork 

cut will increase due to an increase in the price of the 

substitute product. Therefore, the sign of the 

coefficients associated with beef and poultry price is 

expected to be negative. 

The price or consumption of other pork cuts, defined 

as the k-th pork cut, will also affect the price of the 

i-th pork cut. Pork cuts are considered to be competing 

goods; thus, the sign associated with the price of the 

k-th pork cut is expected to be positive, while the sign 

associated with consumption of the k-th pork cut is 

expected to be negative. 
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Consumers' disposable income also acts as a demand 

shifter in affecting the price of pork cut i. All pork 

cuts in this study are considered normal products; thus, 

increases in consumers' income will increase the price of 

product i. A positive sign is expected for the coefficient 

associated with income in the equation for the i-th pork 

cut. 

Hypothesized Structural Relations for the 
Demand and Storage Stocks for Pork Cuts 

For some cuts, both price and consumption are 

endogenous because storage stocks are significant during a 

specific period. This necessitates multi-equation 

structural specifications for analyzing the demand for 

such cuts. Stocks of pork cuts accumulate because 

consumption of the cut is not equal to production of the 

cut during a specified period. Storage of the cut is 

determined during the period, making consumption of the 

cut an endogenous variable in the estimation of demand for 

the cut. An equation explaining desired end-of-quarter 

storage of the i-th cut is needed along with an identity 

equating consumption of the i-th cut with production plus 

net storage movement during the period. The hypothesized 

structural relations when both price and consumption are 

simultaneously determined during a specific period are 

presented as follows: 
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Pi = ^i^^i' Pj' Pk ^^ %' I) (4,9) 

Sli = ^2^^!' Pi' ^i^ (4.10) 

^i = Qi + S^ - SI. (4.11) 

where Sl^ = end-of-period storage stocks of pork cut i; 

Q^ = production of pork cut i during the period; 

S^ = storage stocks of pork cut i at the 

beginning of the period. 

Production of the i-th cut during the period is 

expected to have a direct effect on end-of-quarter stocks 

of the i-th pork cut of equation (4.10). Production of 

pork is seasonal, with highest production generally 

occurring during the fourth quarter of the year. Thus, 

end-of-period stocks are probably low when pork production 

is low during a certain period but high during periods of 

increased hog slaughter. The price of the i-th pork cut is 

expected to have an inverse effect on end-of-period 

storage holdings because stocks are held in anticipation 

of higher prices in coming periods. When the price of pork 

cut i is low, stocks are likely to accumulate until the 

price increases. When price does increase, storage levels 

will decrease. Large storage holdings at the beginning of 

a period will tend to increase end-of-period stocks. Large 

beginning stocks will act to keep prices down because of 

the anticipation that these stocks coming onto the market 

will lower prices in order for the market to clear. Thus, 
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those holding stocks will continue to accumulate stocks, 

expecting prices to increase in upcoming periods. 

Equation (4,11) is the market clearing identity which 

equates consumption during the period with production plus 

beginning stocks less ending stocks of the cut during the 

period. Since there exist three endogenous variables in 

the model, equation (4.11) is needed to close the system 

in which there must be as many equations as there are 

endogenous variables. 

Equation (4.8) and the structural relations in (4.9), 

(4,10), and (4,11) are the hypothesized equations to be 

estimated in this study. Equations estimated for each of the 

five wholesale pork cuts are not expected to be identical to 

one another. All cuts are expected to possess unique demand 

determining factors such as different substitute products. The 

demand for particular cuts is expected to be seasonal, in that 

price and/or consumption of the particular cut is highest or 

lowest during a certain time of the year. Also, elasticity 

estimates are expected to be different between cuts due to 

different demand structures for the cuts. Even though different 

demand structures are anticipated for each cut, all estimates 

are expected to be similar in form to hypothesized equations 

(4.8), (4.9), (4.10), and (4.11). 



CHAPTER V 

METHODOLOGY 

This chapter includes a description of the basic 

methodology and procedures used to derive the findings in 

the study. The main topics will include: (1) nature of 

data employed in the research; (2) sources of these data, 

and the methods used to estimate these data; (3) the 

nature of the statistical estimating methods, including 

ordinary least squares, seemingly unrelated regression, 

and three-stage least squares; (4) evaluation and 

comparison of alternative econometric models; and (5) 

derivation of price flexibilities or elasticities. 

Sources and Development of Data 

A large data set was collected for this research, 

especially in the case of wholesale pork cut and beef 

carcass price figures. The National Provisioner was the 

source for these prices. This weekly periodical quotes 

prices daily; thus, for the 15 year study period, over 

3700 observations on prices were collected for each of the 

5 selected pork cuts and beef carcass. These daily data 

were averaged by year and by quarter for estimating annual 

and quarterly models. 

Since different weight hogs and cattle are 

slaughtered, carcass and wholesale cut weights from these 

animals are not uniform. Therefore, The National 

53 
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Provisioner quotes prices for different weights of pork 

cuts and beef carcasses. The representative weights used 

to obtain prices of the pork cuts in this study were 

calculated on the basis of slaughter weight, dressing 

percentage, and pork cut carcass percentages. The optimum 

live weight of market hogs is approximately 220 pounds. 

This weight hog should yield a 158.4 pound carcass based 

on a 72 percent dressing percentage. Multiplying the 158.4 

pound carcass weight by the percentage that a particular 

cut comprises of the pork carcass results in the total 

weight of this cut available on the carcass. Since there 

are two cuts on each whole carcass, this weight is divided 

by 2 to derive the weight of one wholesale pork cut. The 

average percentage that each cut makes of the pork 

carcass, as stated in Chapter II, and resulting weights 

for each cut are listed in Table 5.1. 

Table 5.1: Allocation of Total Pork to Wholesale Cuts 
(based on a 220 pound hog with a 72% dressing 
percentage) 

Carcass Weight of 

Percentage Cut (lbs.) 

19 15.05 

18 14.26 

17 13.46 

9 7.13 

Boston shoulder 8 6.34 

Source: Animal Science Department, Texas Tech University. 

Cut 

Ham 

Belly 

Loi n 

Picni c 
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The National Provisioner lists prices for different 

weights of each cut. Ranges that matched the calculated 

weights for each cut were: 14-17 lbs, for hams; 14 lbs. 

and less for loins; 4-8 lbs. for picnics; and 4-8 lbs. for 

Boston shoulders. For bellies, the 12-14 pound range was 

used instead of the 14-16 pound weight range in which the 

calculated weight of 14.26 pounds falls. Pork bellies are 

traded on the futures market and some weight ranges are 

deliverable at par value while others are sold at a 

discount. The weights that are sold at par and those that 

are sold at a discount have not been the same since 

September 1961 when belly trading on the futures market 

began. Currently, a par delivery unit is 38,000 pounds of 

either 12-14 or 14-16 pound frozen pork bellies (Chicago 

Mercantile Exchange), Even though 14-16 pound bellies are 

now traded at par, the 1973 contracts applied a 2-cent 

discount on bellies in this weight range (Foote, et al., 

1973). The 12-14 pound belly price was used as a 

representative price in this study because it was the only 

weight range that was not traded at a discount during the 

15-year period of study, and according to Foote, et al., 

"highest prices normally are paid for bellies weighing 

12-14 pounds each because they tend to have the highest 

proportion of lean meat relative to fat." 

The National Provisioner was also the source for beef 

carcass prices, with Choice steer carcasses, yield grade 
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3, weighing 600-700 pounds, the representative price range 

for this study. A carcass of this size would be produced 

by a 1000 pound steer with a 60-70 percent dressing 

percentage. 

Published consumption data on individual pork cuts 

needed for this study are not available. However, 

quantities of individual pork cuts were estimated based on 

various assumptions. 

Total pork production during a period is the sum of 

commercial and farm pork production during that period. 

Multiplying this sum by the pork cut carcass percentages 

from Table 5,1 yields production of each cut during the 

period. Consumption of each cut during the period is 

obtained by adding beginning storage stocks of the 

particular cut to total production of that cut during the 

period and then subtracting ending stocks. Storage data 

for Boston shoulder are not available, indicating that 

storage of Boston shoulders is small. Therefore, 

consumption of Boston shoulders is assumed to be equal to 

production of Boston shoulders. Data on commercial and 

farm pork production were obtained from Livestock and Meat 

Statistics: Supplement for 1983 while Cold Storage was the 

source for pork cut storage data. 

Foreign trade figures available from Foreign 

Agricultural Trade of the United States indicate that 

imports make up less than 5 percent of production of cuts 
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quoted, with exports making up an even smaller proportion. 

Bellies were the only cut in which trade was reported 

separately by USDA sources. Since foreign trade in the 

five pork cuts studied is small and figures are available 

for only one separate cut, imports and exports were not 

considered explicitly in calculating consumption of pork 

cuts. 

Poultry price was reported as wholesale, ready-to-

cook average broiler price, obtained from Livestock and 

Poultry: Outlook and Situation and Poultry and Egg: 

Outlook and Situation. Beginning in May 1983, the USDA 

replaced the 9-city average broiler price series with a 

new series based on 12 cities and added three 

whole-carcass product forms. According to Henson, "the 

old series' coverage had eroded so that it represented 

only about half the wholesale carcass birds marketed in 

the 9 cities, but coverage by the new series is about 95 

percent of similar birds marketed in the 12 cities." 

Disposable personal income and population were the 

remaining variables needed for this study. Working Data 

for Demand Analysis was the source for data on these two 

variables. Data on income, population, and all other data 

used in this study are presented in Appendix A and B, for 

annual and quarterly data, respectively. 
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Criteria for Alternative 
Estimation Techniques 

Price or demand and related equations formulated in 

this study were estimated by different statistical 

procedures such as ordinary least squares (OLS), seemingly 

unrelated regression (SUR), and three-stage least squares 

(3SLS). The procedures used were chosen on the basis of 

statistical properties relevant for estimating demand for 

related products such as the five pork cuts. 

Several criteria must be met to justify the use of a 

single equation procedure for estimating parameters. The 

first criterion is that production of the commodity in 

question must be predetermined. Thus, the supply of the 

commodity must not be affected by current price. Hog 

supplies for a specified period are fixed because market 

hogs are the litters from sows bred 10 months earlier. The 

optimum weight to market hogs is 220 pounds, and holding 

hogs longer results in increased production costs. 

Therefore, production of hogs is predetermined by purely 

exogenous or lagged endogenous forces (Fox, 1953). 

The second condition to be met is that all production 

moves into consumption, meaning that consumption of a 

given commodity not be significantly affected by current 

price or by the demand for export or storage. The pork 

that is consumed is basically the same as pork marketed by 

producers. If this condition is met and if supplies are 

not affected by current price, it can be concluded that 
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consumption is not determined by the current price during 

the marketing period. Thus, OLS can be used to estimate 

pork demand with pork consumption as an exogenous 

variable. In such a case, the exogenous variables are 

fixed and are not related to the stochastic component of 

the model, i.e., E(X^U^)=0, where E represents 

mathematical expectations, x^, is an exogenous variable, 

and U^ denotes the random error term. 

The one-way causality implied by OLS may not be 

realistic in estimating the demand for some pork cuts. 

Quantity supplied and quantity consumed during a given 

time period may not equal to each other because of 

significant changes in pork stocks. If significant storage 

stocks exist for a product, then consumption during the 

period will not equal production. Since stocks accumulate 

in anticipation of higher prices for the product, 

consumption during a given time period is affected by the 

current price, and price is also affected by consumption. 

When this condition exists, OLS will yield biased 

estimates because E(X.U.)y^0; therefore, the simultaneous 

equation estimation techniques would be required. 

Statistical 
Demand for 

Procedures 
the Five 

Used to Est 
Selected Pork 

imate 
Cuts 

Several procedures exist for estimating structural 

parameters for each equation of a simultaneous equation 

system. A single equation method of estimation is the 
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two-stage least squares (2SLS) method, and two systems 

methods include three-stage least squares (3SLS) and 

iterative three-stage least squares (I3SLS). 

The 2SLS method involves a two-stage procedure in 

which all predetermined variables within the model are 

taken into account in the estimation process. The 

simultaneous equation model is expressible in the 

structural form as: 

Y| + xr + U = 0 (5.1) 

where Y = matrix of endogenous variables of the system; 

$ = matrix of structural coefficients associated 

with the endogenous variables; 

X = matrix of exogenous variables of the system; 

r = matrix of structural coefficients associated 

with the exogenous variables; 

U = matrix of random disturbances associated with 

the equations of the system. 

Although E(XU)=0, E(YU)^0 since the Y,̂ 's are jointly 

determined endogenous variables, even though they appear 

as regressors. 

The first stage of the 2SLS method consists of 

obtaining Y. as an estimate of Y. . This is done by 

regressing all endogenous variables on the right-hand side 

of the equation on all exogenous variables in the system, 

including identities, one at a time. OLS estimates are 

obtained for these endogenous variables which, after 
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estimation, are substituted on the right-hand side of the 

structural equations by (Yĵ  + W^) in the second stage. The 
/s 

Wĵ 's are the residuals obtained in the first stage, and k 

is the number of endogenous variables. The structural 

equations are also estimated by OLS (Dutta, pp. 298-306). 

Thus, according to Roy, et al. (1984), "the endogenous 

regressor in a structural relation is purged of the 

stochastic element which is correlated with the structural 

error term," 

The 2SLS method recognizes the simultaneity of the 

relations of an interdependent system in a limited sense. 

In estimating each equation with a single-equation method, 

nothing is assumed to be known about the specifications of 

other equations in the system. No recognition is taken of 

other endogenous variables appearing in other equations. 

The 2SLS method fails to use a priori information that 

would improve the estimates. Full information methods have 

been developed to estimate all the structural equations 

simultaneously. The 3SLS and I3SLS methods take into 

account the complete specification of the model. Thus, the 

2SLS estimators, although consistent, are not 

asymptotically as efficient as the 3SLS and I3SLS 

estimators when the error terms across equations are 

correlated (Dutta, p. 331). 

Zellner's seemingly unrelated regression procedure 

comprises a set of equations related through the nonzero 
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covariances associated with error terms across different 

equations at a given point in time. According to Johnston 

(p. 238), if demand equations for a number of different 

consumption goods are being estimated, it is possible that 

two conditions may hold. One is that the set of 

explanatory variables will not be identical for each 

commodity and the other is that there may be nonzero 

correlations between the disturbance term in two or more 

equations. If these conditions hold, Zellner suggests that 

efficiency in estimation can be gained if the system of 

seemingly unrelated equations is viewed as a single large 

equation to be estimated. Estimation of this system is 

accomplished efficiently by the use of generalized least 

squares (GLS). The i-th equation of a set of G equations 

can be written as follows: 

Y. = X.g.+ U. (i = 1,2,...,G) (5.2) 

where Y. = n x 1 vector; 

X. = n X k. matrix; 

3. = k. X 1 vector; 

U. = n X 1 vector. 
1 

or for the system of G equations: 

Y = X3 + U, (5.3) 

The seemingly unrelated model assumes no autocorrelation 

within equations, but the cross-equation correlation does 

exist, thus: 



E(U^Uj') = a^jl for i = j (i,j, = 1,2,...G) 

where I is a G x G identity matrix. The 

variance-covariance matrix for all G-equations is: 
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(5.4) 

Q = ECUU') = 

E(U^Up E(Û U2')...E(Û Û ') 

E(U2U^') E(U2U20...E(U2Ug') 

E(UgU^') E(UgU2»)...E(UgÛ ') 

"u 

"21 
• 
• 
• 

"GI 

"12 

"22 
• 
• 
• 

"G2 

..a 10 

..a 2G 

GG 

(5.5) 

Each term on the main diagonal of the fi matrix is an n x n 

variance-covariance matrix for the disturbance in a 

particular equation. The off-diagonal terms represent an 

n x n matrix containing the covariances between 

disturbances from two equations. When i ^ j , assumption 

(5.4) gives a nonzero correlation between contemporaneous 

disturbances in the i-th and j-th equations. The most 

efficient estimation of equation (5.3) is obtained by 

applying GLS estimation to get: 

e = CX' n"-̂  X)"-̂  (X' ^"^ Y), (5.6) 

In practice, the elements of the ^ matrix, o^^ and ^^/s, 

must be estimated. This is accomplished by using the 

residuals obtained from OLS estimates of the G equations 

(Pindyck and Rubinfeld, pp. 347-349). 

Zellner and Theil introduced the 3SLS estimation 

procedure which uses the 2SLS estimates of the 

variance-covariance matrix of the structural disturbances 

to estimate all coefficients of the complete system 
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simultaneously. Dutta (pp. 336-339) and Johnston (pp. 

395-398) describe the procedure presented here in which 

the structural equation (5.1) can be rewritten as: 

k̂ = W + ̂k 
where Z^ = [Ŷ  X^] and 6̂  = 

8. 
(5.7) 

in the k-th equation. 

If (5.7) is premultiplied by X', where X is the (n x k) 

matrix of all predetermined variables in the model, then: 

(5.8) 

For the whole system of equations, equation (5.8) is 

written as: 

X'Y, = X'Z,6, +X'0,. 

X'Y 

X'Y 

X'Y, 

X'Z 0 . . . 0 

X'Z2 . . . 0 

X'Z, 

X'U 

X'U, 

X'U, 

(5.9) 

The generalized least squares (GLS) method can be applied 

to estimate all the parameters simultaneously if we have 

information on the variance-covariance matrix of the 

disturbance vector in the system. If equation (5.8) is 

considered as a relation between the dependent variable 

X'Y. and explanatory variables X'Z. , the variance-

covariance matrix of the disturbance is: 
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Var(X'Uj^) = E(X'U,^U|^'X) 

= X'E(U^U^')X 

= CT̂ Uĵ X'X (5.10) 

where o Uĵ  is the constant variance of the disturbance in 

the k-th equation. The vector 6 in equation (5.8) is 

estimated by applying GLS, giving the estimator: 

I V \ ~ l v I »? T " 1 I V \ - I v t 6 = fe,^'X(X'X)"-^X'Z^]"-^[z^'X(X'X)"-^X'Y^]. (5.11) 

The 3SLS method incorporates the endogeneity within 

equations and the correlation across equations by means of 

GLS in which the variance-covariance matrix is important 

in the estimation process. The variance-covariance matrix 

(V) of the disturbance vector in (5.9) is then: 

Vat 

X'U. 

X'U, 

f\j 

a,,x'x a,«x'x . . . a,,x'x 
11 12 Ik 

a2,x'x o^^rx . . . a^^rx 

a,.x'x a,«x'x ... a, ,x'x 
kl k2 kk 

= V (5.12) 

where a denotes the contemporaneous covariance of the 

structural disturbances in equations i and j.Collecting 

the a., in a matrix 2 : 

V = 2 0 (X'X) 

which, by inversion, becomes: 

(5.13) 

V"̂  = Z"̂  0 (X'X) •'vN-1 (5.14) 

where the symbol®denotes Kronecker multiplication of 

ma trices. Note that in equations (5.13) and (5.14) theL 
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matrix contains a's that are unknown. The 3SLS method 

replaces them by their 2SLS estimates, denoted by s^^, 

where: 

(s^^) = (s. . ) " ^ (5.15) 

The application of GLS to all k-equations at the same time 

gives: 

(S = [(X'Z)'V"^X'Z]"^[(X'Z)'V"^X'Y] . (5.16) 

Summarizing, the 3SLS method uses GLS to take into 

account contemporaneous correlation of error terms across 

equations. Thus, the 3SLS procedure is asymptotically more 

efficient than the 2SLS if the I matrix, made up of s. . 
13 

elements, is not diagonal, meaning that the disturbances 

in various structural equations are contemporaneously 

correlated. If there exists no correlation of error terms 

across equations, then 3SLS reduces to 2SLS. 

The iterative seemingly unrelated regression (ISUR) 

and iterative three-stage least squares (I3SLS) procedures 

improve the statistical efficiency of SUR and 3SLS, 

respectively. The variance-covariance matrix of error 

terms across equations is retained from the SUR and 3SLS 

solutions and GLS is again applied to re-estimate the 

structural coefficients. The ISUR and I3SLS are n stage 

procedures which are repeated until a specified number of 

iterations have been completed or until a convergence 

criterion is fulfilled (Roy, et al., 1984). 
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Evaluation of Models 

Several criteria were used to evaluate the 

performance of the alternative models estimated. Besides 

the more common methods such as the sign and magnitude of 

coefficients, R , t-ratio, F-ratio, etc., several ex post 

estimates of endogenous variables were compared with the 

corresponding actual values over the period studied. The 

estimates of the endogenous variables from the 

simultaneous models were evaluated by computing the root 

mean square errors (RMSE) and Theil's inequality or "U2" 

coefficients. 

The RMSE is defined as: 

/E(Y. - Y )2 
RMSE = / \,, — 

where Y. , Y. , and N are the predicted value, actual value, 

and number of oberservations, respectively. The RMSE is in 

the units of measurement of the actual value, thus a 

smaller RMSE indicates better performance in estimation. 

The percentage obtained from the ratio RMSE/Y, where Y = 

mean of Y, is often used to compare the forecasts of 

different variables or of different models (Tomek and 

Robinson, p. 356). 

Theil's U2-coefficient is defined as follows: 

Z (AY^)^ 
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which reduces to 

E(Y - Yj2 

where A Y ^ = "̂t ~ ^t-1 ^"^ ^^t " ^t " ^t-l* '^^^ 

U2-coefficient has no upper limit, however, its lower 

limit is zero. When U2 = 0, Y^ = Y. for each t. 

Alternatively, when ^2 " "'•' ̂ t "̂  ̂ t-1 ^°^ each t 

indicating that a model with U2 > 1.0 performs no better 

than a "no change" extrapolative specification. Therefore, 

the model being evaluated would be better than a "no 

change" forecasting procedure only if the U2-coefficient 

is less than unity. 

Computation of Elasticities 
from Flexibilities 

In this study, it is desirable to estimate the 

direct, cross, and income elasticities for analysis. 

However, as with many agricultural products, it is more 

appropriate to estimate direct, cross, and income 

flexibilities for pork, because market supplies of pork 

and other agricultural products are determined largely in 

advance of current prices. As a result, the estimation 

procedure is often applied to time series data with a 

particular commodity price expressed as the dependent 

variable. The own-price flexibility is defined as: 
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F , ^ ^ . 9. 
p/q 3Q P 

holding other variables constant. 

The price elasticity of demand is frequently 

approximated by using the reciprocal of the flexibility 

coefficient. However, Foote (p. 82) states that if the 

commodity has more than one outlet (including storage), 

the elasticity of demand in any one of these outlets need 

not equal the reciprocal of price flexibility with respect 

to production. Changes in commercial stocks of meat, for 

example, tend to cushion the effects of a change in 

production of meat upon its price. Houck suggests that 

the knowledge that the reciprocal of the direct 

flexibility is an estimate of the lower bound of the 

elasticity may be useful. The reciprocal of the estimated 

direct price flexibility would be an indication of the 

minimum percentage decrease in quantity demanded at the 

specified market level due to each one percent increase in 

price. Thus, for the present study, the reciprocal of 

price flexibility will be used as an estimate of price 

elasticity for the different wholesale pork cuts. 

Flexibility coefficients analogous to the concepts of 

income elasticity and cross elasticity may also be 

defined. The price flexibility of income is the 

percentage change in price in response to a one percent 

change in income, other factors remaining constant: 
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3P 
F = _ i , I_ 
P^/I 31 P^ • 

The cross flexibility of i with respect to j is the 

percentage change in the price of commodity i in response 

to a one percent change in the quantity of commodity j, 

other factors held constant. The cross flexibility is 

based on the quantity variable of a substitute or 

complementary product j (Tomek and Robinson, p. 68). 

However, prices of substitute products are used in the 

present study, thus, cross flexibilities are not 

estimated. 



CHAPTER VI 

RESULTS AND ANALYSIS 

This chapter contains the results obtained from an 

examination of some of the data used in this study from 

Appendix A and B and the estimated demand equations for 

individual pork cuts. To emphasize the fact that different 

price and demand structures may exist for individual pork 

cuts, data on price and consumption of pork cuts are 

analyzed to underscore patterns of variations that may 

have occurred or that currently occur in prices and 

consumption of pork cuts. Changes in prices from year to 

year as well as within the year are examined to detect 

annual trends and seasonal patterns and the underlying 

causes. Consumption data are analyzed to determine how 

consumers have changed their pork purchases. The major 

section of this chapter deals with the statistical results 

obtained from estimation of price and demand structures 

for individual pork cuts and probable reasons as to why 

certain demand structures exist for particular cuts. 

Characteristics of Pork Cut Price 
and Consumption Data 

Substantial variations in both consumption and prices 

were observed for each cut during the period of study 

(Table 6.1). The per capita consumption of ham, pork 

bellies, loins, picnics, and Boston shoulders ranged from 

71 
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Table 6,1: Pork Cuts: Consumption and Prices, Annual and 
5-year Averages, 1970-1984, 

Consumption - pounds per capita 

Yr Ham Picnic Belly Loin B. Shoulder 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 

13.8 
14,8 
13.3(13, 
11.9 
12,9 

10,6 
11,2 
11.5(11. 
11.5 
13,2 

13.9 
13,4 
11,8(12, 
12.4 
11.9 

.3)* 

.6) 

.7) 

6,5 
7.0 
6.3(6. 
5.7 
6,1 

5.0 
5,3 
5,5(5. 
5,5 
6.2 

6.6 
6.3 
5.6(6. 
5.9 
5.7 

.3) 

.5) 

.0) 

12.9 
14.0 
12.7(12. 
11.3 
12.2 

9.9 
10.6 
11.0(11. 
10.8 
12.4 

13.1 
12.7 
11.2(12. 
11.6 
11.5 

.6) 

.0) 

.0) 

12.3 
13.3 
11.8(11. 
10.7 
11.5 

9.4 
10.0 
10.3(10. 
10.3 
11.8 

12.5 
11.8 
10.5(11. 
11,1 
10,8 

.9) 

.4) 

.4) 

5.8 
6,3 
5,6(5, 
5,1 
5.1 

4.4 
4.7 
4.9(4. 
4.9 
5.5 

5.9 
5.6 
5.0(5. 
5.2 
5.1 

.6) 

.9) 

.3) 

Prices - cents per pound 

Yr Ham Picnic Belly Loin B. Shoulder 

70 44.1 30.7 36.6 52.5 38.7 
71 39,6 27.7 24,1 44,9 34.4 
72 5o!5(53.5) 35!6(37.6) 38!l(42.1) 59!2(61.1) 46!9(48.1) 
73 69.7 51.8 59,4 76,0 66,2 
74 63.6 42.4 52.1 72.6 54.4 

75 84.6 55,0 78,8 92,3 77,6 
76 79,8 49,9 65,4 86,4 67.1 
77 76,8(80,9) 44,1(51.7) 54.2(61.4) 82.7(90.0) 61.2(70.8) 
78 86.2 55,1 62,6 95,5 76.0 
79 77.3 54.5 45.8 91.0 72.3 

80 71.8 52,2 43,7 84,8 70.1 
81 77,6 52,6 52,0 96,7 76.7 
82 92.4(78.9) 59.8(52.6) 76.7(58.8)111.0(97.6) 91.0(77.3) 
83 75,4 50.5 61.9 98.3 75.1 
84 77.6 48.2 60.0 97.1 73.4 

* - Numbers within parentheses are 5-year averages. 

Source: Livestock and Meat Statistics, Supplement 1983 and 
Livestock and Poultry: Outlook and Situation. 
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lows of 10.6, 9.9, 9.4, 5.0, and 4.4 pounds in 1975 to 

highs of 14.8, 14.0, 13.3, 7.0, and 6,3 pounds in 1971, 

respectively. The low levels in 1975 are mostly due to the 

fact that pork production was at its lowest level during 

1975, Production levels in 1971 were the second highest of 

the period, causing prices for all cuts to be at their 

lowest levels of the period, thus explaining the highest 

annual consumption for all cuts. 

Prices for ham, bellies, loins, picnics, and Boston 

shoulders varied from lows of 39,6, 24,1, 44,9, 27.7, and 

34.4 cents per pound in 1971 to highs of 92.4, 78.8, 

111.0, 59.8, and 91.0 cents per pound, respectively, with 

all highs occurring in 1982 except for belly price which 

was highest in 1975. Five-year averages indicate that 

prices for ham and bellies were highest during the 1975 

through 1979 period at 80.9 and 61.4 cents per pound, 

respectively, while highest observed prices for loins, 

picnics, and Boston shoulders were 97.6, 52.6, and 77.3 

cents per pound, respectively, during the 1980-1984 

period. Five-year averages were lowest for all cuts during 

the 1970-1974 period with prices for each cut, quoted in 

cents per pound, as follows: 53.5 for ham; 42.1 for 

bellies; 61.1 for loins; 37.6 for picnics; and 48.1 for 

Boston shoulders. Therefore, prices of pork cuts have 

increased since the beginning of the period under study. 
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and price levels for three of the five cuts for the 

1980-1984 period are the highest. 

Significant inverse relations were observed between 

prices and consumption for each cut. Year-to-year changes 

in consumption corresponded systematically to opposite 

changes in prices for each cut. Prices of the pork cuts 

varied together during the study period, and were found to 

be significantly correlated with each other. However, 

these prices did not maintain a stable relation relative 

to the price levels for the other cuts. Ham price was only 

7 percent higher than belly price in 1975, but increased 

to 69 percent above belly price in 1979. Similarly, loin 

price was 17 percent higher than belly price in 1975, but 

became 98 percent higher than belly price in 1979. In 

1975, belly price was 43 percent higher than picnic price, 

however, by 1980, picnic price was higher than belly price 

by 16 percent. Finally, belly price was 2 percent higher 

than Boston shoulder price in 1975, but in 1980 was 61 

percent lower than Boston shoulder price. Prices of all 

other cuts maintained fairly stable relations with each 

other, indicating that much of the difference in price 

relationships among individual pork cuts is due primarily 

to variations in pork belly price. This variation in 

relations among prices of individual pork cuts indicates 

that different demand or price structures exist for 

different cuts. 
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A distinct seasonal pattern in price and consumption 

of ham was observed. Of the 15 years of data analyzed, ham 

price was highest in the fourth quarter for 11 years, 

while consumption of ham was highest in the fourth quarter 

all 15 years. Pork production typically is highest in the 

fourth quarter of the year. This coincides with some of 

the increased consumption during this period, but it is 

also the quarter in which many Thanksgiving and Christmas 

hams are purchased. Thus, much of the increased fourth 

quarter demand for hams may be due to the tradition of 

having hams during the holiday season. 

Significant price variations within a year occurred 

for some cuts. Ham price increased from 70.01 to 103.08 

cents per pound from the first to fourth quarter of 1975. 

Also, from the first to third quarter of 1975, belly price 

increased from 61.88 to 97.78 cents per pound and Boston 

shoulder price rose from 61.42 to 93.12 cents per pound. A 

price decrease for Boston shoulders from 80.38 to 49.53 

cents per pound occurred from the first to fourth quarter 

of 1976. 

Estimates of Annual and Quarterly 
Demand Equations for Pork Cuts 

The second major objective of this research project 

was to formulate and estimate analytical econometric 

models for analyzing the demand and price structure for 

selected pork cuts. Thus, the main emphasis of the study 
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was directed toward estimating structural demand equations 

for the five wholesale pork cuts considered. Both annual 

and quarterly models were estimated using various 

estimation techniques including ordinary least squares 

(OLS), seemingly unrelated regression (SUR), iterative 

seemingly unrelated regression (ISUR), three-stage least 

squares (3SLS), and iterative three-stage least squares 

(I3SLS). Variables used in the estimation process were 

chosen on the basis of economic relationships discussed in 

Chapter IV. Two computer programs, SAS and SHAZAM, were 

used in estimating the demand equations for pork cuts. 

Estimated annual equations, related evaluation statistics, 

and estimated flexibility coefficients will be presented 

first, followed by the results of quarterly equations. 

Results of Estimated Annual Equations 

Ordinary least squares estimates of coefficients were 

obtained for each of the five wholesale pork cuts 

separately. These OLS estimates are characterized by signs 

contrary to expectations and statistical insignificance 

based on the ratio of the coefficient estimate to its 

standard error (t-ratio). Since the single-equation OLS 

method is not considered to be appropriate for estimating 

a system of equations representing demand for similar 

consumer products such as various pork cuts, the estimates 

are not presented here. OLS was used primarily to identify 

variables to be included in the equations. The procedure 
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believed to be suitable for estimation of the demand 

relations for pork cuts is the seemingly unrelated 

regression (SUR). Although 3SLS was considered for the 

estimation of the simultaneous equation system for certain 

cuts, it was found that end-of-year storage stocks of pork 

cuts are small relative to production of pork cuts. This 

means that end-of-year stocks of pork cuts are not likely 

to have a significant effect on consumption of pork cuts 

during the year. Thus, annual consumption is assumed to be 

a predetermined variable in the SUR estimation process. 

The SUR estimates obtained for the demand equations 

were statistically insignificant and had incorrect signs. 

It is possible that across-equation correlations may still 

be present after only one iteration of the SUR procedure; 

thus, the iterative seemingly unrelated regression 

technique (ISUR) was the method used to yield 

statistically efficient estimates of the coefficients for 

the five annual demand equations. A convergence factor of 

0.001 was specified for ISUR, and the estimated 

coefficients converged after 43 iterations, implying that 

the difference between the coefficients in iterations 42 

and 43 was 0.001 or less. The following equations are the 

ISUR estimates of annual demand for each pork cut. 

Equation for ham: 

PH = 151.91 - 8.5779 PCH + 0.23815 PPL + 0.00260 I (6.1) 
^ (6.52) (-5.27) (1.47) (2.98) 

R^ = 0.84 F = 20.07 SEE = 6.90 d = 0.77 
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Equation for pork bellies: 

PB = 180,94 - 11,584 PCB + 0.00164 I (6 2) 
2 (10,92) (-8.95) (2.73) 

R = 0.89 P = 50.04 SEE = 5.44 d = 1.16 

Equation for pork loins: 

PL = 146.54 - 9.0525 PCL + 0.07916 PBF + 0.00485 I (6.3) 
2 (8.23) (-6.18) (1.85) (6.61) 

R = 0.92 F = 115.51 SEE = 5.94 d = 1.48 

Equation for picnics: 

PP = 68.162 - 7.4213 PCP + 0.42758 PPL + 0.00086 I (6 4) 
2 (3.85) (-2.75) (5.24) (1.30) 

R = 0.71 F = 9.80 SEE = 5.67 d = 1.13 

Equation for Boston shoulders: 

PBS = 124.14 - 17.075 PCBS + 0.16098 PBF + 0.00290 I (6.5) 
2 (6.55) (-5.14) (4.55) (3.85) 
R = 0.87 F = 85.25 SEE = 6.35 d = 1.56 

The variables in the preceding equations are defined 

as follows: 

PH = wholesale price of 14-17 lb. hams, cents/lb; 

PB = wholesale price of 12-14 lb. pork bellies, cents/lb.; 

PL = wholesale price of 14 lb. and less pork loins, 

cents/lb.; 

PP = wholesale price of 4-8 lb. picnics, cents/lb.; 

PBS = wholesale price of 4-8 lb. Boston shoulders, 

cents/lb. 

PCH = per capita consumption of hams, lbs.; 

PCB = per capita consumption of bellies, lbs.; 

PCL = per capita consumption of loins, lbs. ; 

PCP = per capita consumption of picnics, lbs.; 

PCBS = per capita consumption of Boston shoulders, lbs.; 
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PBF = wholesale price of 600-700 lb. yield grade 3 choice 

steer carcass, cents/lb.; 

PPL = wholesale price of broilers, cents/lb.; 

I = per capita disposable income, dollars. 

Numbers within parentheses are the t-ratios for the 

estimated coefficients. The F-ratio (F) and the 

Durbin-Watson statistic (d) are from the estimate obtained 

from OLS in the first stage of the SUR procedure, while 

the standard error of the estimate (SEE) is from each 
2 

final equation. The R is presented for the final 
2 

equation; however, the R can at best be interpreted as 

approximate for the equation because the equations are 

estimated as a system (White, 1978). 

The signs associated with each estimated coefficient 

obtained from ISUR are consistent with expectations, and 

all except two are significant at the 5 percent level. 

Broiler price in the ham demand equation is significant at 

the 10 percent level while income in the picnic price 

equation is significant at the 15 percent level. 

The computed Durbin-Watson d-statistic is compared 

with the d.. and d_ values from the Durbin-Watson table to 
U L 

test the hypothesis of non-autocorrelation of the 

disturbance terms. If the computed d is above the value of 

d in the table, the conclusion is that the residuals have 

no positive serial correlation. If d is less than d , then 

positive autocorrelation does exist. If d is greater than 



80 

dĵ  but less than d^, the evidence is inconclusive. The 

presence of negative autocorrelation is tested by 

subtracting d from 4 and comparing with the table as 

before, when 4-d > d^, no negative serial correlation 

exists. When 4-d < d̂ ,̂ negative autocorrelation is present 

in the equation. Again, when the value falls between d 

and dĵ , the evidence is inconclusive. The d-statistics 

computed from the loin and Boston shoulder equations are 

greater than d^ at the 1 percent level of significance, 

indicating no positive autocorrelation. The computed 

d-statistics for the ham, belly, and picnic equations fall 

between d^ and d̂^ from the table; therefore, absence or 

presence of positive autocorrelation cannot be 

ascertained. Negative autocorrelation does not exist for 

any of the five equations as indicated by the 4-d values 

for each equation which are greater than d.. from the 

table. 

According to Klein's method, multicollinearity is 

severe if r. . > R , where r. . is the simple correlation 

coefficient between any two regressors, and R is the 

coefficient of multiple correlation between the regressand 

and all regressors. In the picnic demand equation, the 

simple correlation between poultry price and income is 

0.847 while the coefficient of multiple correlation for 

the equation is 0.844. Thus, r. . > R , meaning that severe 

multicolli nearity exists in the picnic demand equation. 
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This probably explains the relative insignificance of the 

income coefficient in this equation because of the 

inflated standard error associated with the income 

estimate. Relative insignificance means that the estimated 

income coefficient is unreliable because the variance of 

this estimate is large. This correlation between poultry 

price and income might also be the reason for the low 

t-value associated with poultry price in the ham price 

equation, although by Klein's method, severe 

multicollinearity does not exist. One possible cure for 

this condition that would not complicate interpretation of 

variables would be to increase the number of observations. 

However, only 15 years of data were used and, as will be 

presented later, when 60 quarterly observations are used 

in the estimation process, the income coefficient becomes 

highly significant. 

Ham price is inversely affected by ham consumption in 

equation (6.1), and the price flexibility of ham with 

respect to ham consumption, computed at the mean, is 

-1.51. The reciprocal of this flexibility value yields the 

own price elasticity of demand for ham and is calculated 

to be -0.66. The price flexibilities for the five pork 

cuts, along with own price elasticities and income 

flexibilities are listed in Table 6.2. The sign of the 

coefficient associated with poultry price is consistent 

with expectations since an increase in poultry price will 
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cause consumers to purchase less poultry and more ham 

which will lead to an increase in ham price. It is 

possible that poultry and not beef competes with ham 

because much of the demand for both ham and poultry occurs 

during the holiday periods and competition between the two 

may be close. Also, since beef is generally purchased 

fresh while hams can be bought either fresh, canned, or 

frozen, uses for the two may be quite different as 

compared to ham and poultry which may have similar uses 

for the consumer. 

Table 6.2: Price Flexibilities, Own Price 
Elasticities and Income Flexibilities 
from Annual ISUR Equations. 

Cut 

Ham 

Belly 

Loin 

Picnic 

Price 
Flexibili 

-1.51 

-2.54 

-1.23 

-0.93 

er -1.38 

ty 
Own Price 
Elasticity 

-0.66 

-0.39 

-0.82 

-1.08 

-0.73 

Fl 
Income 
exibili ty 

0.24 

0.20 

0.38 

0.12 

0.29 

The elasticity of demand for bellies is -0.39, 

meaning that a 1 percent change in belly price will lead 

to a 0.39 percent change in belly consumption in the 

opposite direction. This elasticity estimate is low 

because bellies have no close substitutes. No substitute 
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product for bellies was found significant in equation 

(6.2). Also, bellies have few uses other than as bacon, 

and a product with few uses tends to have a lower 

elasticity of demand. 

The demand for loins is relatively more elastic 

because loins have more uses such as pork chops and 

roasts, and beef was found to be a significant substitute 

for loins in equation (6.3). Another reason that loin 

demand is probably relatively more elastic than the demand 

for most other cuts is because the loin is the most 

expensive of the pork cuts, and often higher priced than 

its closest competitor, beef. Thus, quantities of loins 

consumed may be more sensitive to price changes than that 

of other pork cuts. 

The elasticity estimate of -1.08 for picnics is 

higher than was expected. Because of its large amount of 

bone and connective tissue, the wholesale picnic is the 

lowest quality and has the lowest price of the five cuts. 

Because of low quality and low prices, picnics face more 

competition than other cuts. In fact, the percentage 

change in picnic price with respect to percent changes in 

poultry price was estimated to be 0.37. This was the 

highest percentage change in own price with respect to 

percent changes in the price of a substitute product of 

all five cuts. The picnic shoulder yields numerous retail 

cuts including arm steaks, arm roasts, and sausage 
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material. The numerous uses could also explain the elastic 

demand for picnics. Hacklander found the demand for 

picnics and ham Ĵ _̂be_ŝ imi 1 ar whirh rnay explain why 

poultry price is sjgnjjj^ant in the picnic price equation. 

Thus, a competitive relationship may exist between picnics 

and poultry at the wholesale level. 

The demand elasticity of -0.73 for Boston shoulders 

probably reflects its substitutability with beef. Boston 

shoulders can be used as a fresh or cured and smoked roast 

and also as good quality blade steaks. While Boston 

shoulders can substitute closely with ham, estimation 

using either ham consumption or price as an explanatory 

variable led to problems such as statistical 

insignificance and incorrect signs of the independent 

variables. Thus, estimation was conducted without using 

price or consumption of other pork cuts as explanatory 

variables. 

As expected, the income flexibility associated with 

loin price is the highest of all cuts since it is the most 

valuable wholesale cut on the pork carcass. This 

flexibility estimate implies that a one percent increase 

in income leads to a 0.38 percent increase in loin price 

and vice versa. Also expected was the low income 

flexibility associated with picnic price, calculated to be 

0.12. Changes in income will have little effect on picnic 

price because income increases will probably cause 
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consumers to increase consumption of higher quality meats 

rather than to increase purchases of picnics. 

Estimates of Quarterly Demand Models 

Quarterly estimates of demand for the five cuts are 

developed using techniques similar to those used in 

obtaining annual estimates. However, 3SLS and I3SLS 

estimates are obtained for ham and bellies because of the 

simultaneous system in which price and quantity of these 

two cuts are determined. 

As was the case with the annual estimates, OLS was 

initially used to indicate which explanatory variables 

affect prices of pork cuts. The OLS method is not believed 

to be the correct statistical procedure for estimating a 

system of equations representing the demand for the five 

pork cuts. 

SUR and ISUR Demand Equations 
for Pork Cuts 

The SUR estimates of quarterly demand equations are 

as follows: 

Ham price equation: 

PH = 156.16 - 30.275 PCH + 0.380 PPL + 0.00211 I 
(10.99) (-9.51) (2.17) (3.84) 

-23.557 Dl - 27.256 D2 - 25.549 D3 (6.6) 
(-12.71) (-14.25) (-13.37) 

R-̂  = 0.84 F = 48.21 SEE = 7.12 d = 0.40 
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PB = 176.66 - 45,482 PCB + 0,00146 I + 12,602 D3 (6.7) 
2 (22.55) (-17.93) (4.64) (8.02) 

R = 0.86 F = 124,13 SEE = 6,22 d = 0,69 

Loin price equation: 

PL = 138,12 - 34,662 PCL + 0,302 PBF + 0,00295 I (6,8) 
2 (19,34) (-15.28) (5.24) (5.81) 

R = 0.91 P = 216.09 SEE = 6.02 d = 1.23 

Picnic price equation: 

PP = 53.77 - 21.983 PCP + 0.549 PPL + 0.00055 I (6.9) 
2 (5.20) (-4.06) (4.42) (1.26) 

R = 0.66 F = 35.76 SEE = 6.37 d = 0.58 

Boston shoulder price equation: 

PBS = 113.94 - 64.487 PCBS + 0.369 PBF + 0.000124 I (6.10) 
^ (14.38) (-12.01) (6.29) (2.34) 

R'' = 0.85 F = 122.09 SEE = 6.89 d = 1.37 

A convergence factor of 0.001 was reached after 13 

iterations for the ISUR procedure. The ISUR estimates for 

each cut are presented as follows: 

Ham price equation: 

PH = 165,85 - 30.505 PCH + 0.116 PPL + 0.00276 I 
(13.30) (-10.40) (0.94) (5.73) 

- 23.088 Dl - 25.567 D2 - 23.904 D3 (6.11) 
, (-13.66) (-14.66) (-13.68) 

R = 0.82 F = 48.21 SEE = 7.48 d = 0.40 

Belly price equation: 

PB = 175.59 - 45.120 PCB + 0.00146 I + 12.498 D3 (6.12) 
, (23.10) (-18.32) (4.61) (8.52) 

R^ = 0.86 F = 124.13 SEE = 6.23 d = 0.69 

Loin price equation: 

PL = 142.95 - 34.141 PCL + 0.110 PBF + 0.00428 I (6.13) 
^ (17.55) (-12.84) (2.60) (9.22) 

R^ = 0.88 F = 216.09 SEE = 6.96 d = 1.23 



87 

Picnic price equation: 

PP = 66.524 - 26.367 PCP + 0.310 PPL + 0.00113 I (6.14) 
2 (7.69) (-5.26) (4.44) (3.04) 

R = 0.64 F = 35.76 SEE = 6.54 d = 0.58 

Boston shoulder price equation: 

PBS = 120.79 - 63.504 PCBS + 0.120 PBF + 0.00302 I (6.15) 
2 (13.07) (-9.88) (3.15) (6.09) 

R = 0.79 F = 122.09 SEE = 8.14 d = 1.37 

The coefficient associated with income in the picnic 

price equation is significant in the SUR equation at the 

15 percent level of significance, but becomes highly 

significant as an ISUR estimate. Poultry price in the ham 

price equation estimated by ISUR is also statistically 

insignificant, but all other estimates are significant at 

the 5 percent level. All signs associated with the 

coefficients are consistent with expectations. Poultry 

price is not deleted from the equation because, in a later 

analysis, the 3SLS estimates of ham demand contain a 

significant coefficient for poultry price. The 3SLS 

procedure is considered to be appropriate for estimating 

the demand equation for ham as a part of a simultaneous 

equation system. 

The Durbin-Watson d-statistic estimated in the first 

stage of SUR pertains to both estimation procedures. Of 

the five equations estimated, all except the Boston 

shoulder equation had computed d-values less than d̂  in 

the Durbin-Watson table. The d-statistic of 1.37 for 

Boston shoulders falls between d^ and d̂  at the 1 percent 
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level of significance; therefore, it is inconclusive 

whether positive serial correlation is present in this 

equation. Positive autocorrelation is present in the other 

four estimated demand equations. Negative autocorrelation 

is not present in any equation based on values obtained 

from 4-d which were greater than d from the table. 

Although autocorrelation does present problems of 

statistical inefficiency in estimated coefficients, these 

estimates are known to be unbiased. Also, autoregressive 

procedures to cure autocorrelation make interpretation of 

estimated coefficients a problem. Thus, no attempt was 

made at correcting for autocorrelation in the estimation 

process. 

Klein's method is used to test for multicollinearity. 

Simple correlation coefficients between explanatory 

variables were all less than the multiple correlation 

coefficients for any particular equation. Thus, 

multicollinearity was presumed to be not severe in the 

quarterly demand models estimated using SUR and ISUR. 

The relative performance of the equations estimated 

for SUR and ISUR was tested on the basis of the root mean 

square error (RMSE) of each equation. The RMSE is obtained 

from estimated and actual values of the dependent 

variables and are presented in Table 6.3. With the 

exception of the RMSE for the picnic equation, SUR 
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performed slightly better than ISUR in estimating prices 

for the pork cuts during the period of fit. 

Table 6.3: Comparison of Estimated Quarterly 
Equations on the Basis of Root 
Mean Square Error. 

Estimation Dependent 
Procedure Variable RMSE 

SUR PH 7.203 
ISUR PH 7.257 

SUR PB 5.976 
ISUR PB 5.987 

SUR PL 5.781 
ISUR PL 6.686 

SUR PP 6.708 
ISUR PP 6.509 

SUR PBS 6.620 
ISUR PBS 7.818 

Price flexibilities, own price elasticities, and 

income flexibilities were computed at the mean from 

estimates obtained from SUR and are presented in Table 

6.4. Elasticity estimates obtained from quarterly 

equations were similar to those obtained from estimated 

annual equations in Table 6.2 with the exception of the 

elasticity estimate for picnic demand, which increased 

from -1.08 to -1.45. A more elastic demand for picnics 

could possibly mean that substitution of picnics is higher 

during a year. In fact, the percentage change in quarterly 

picnic price with respect to percent changes in poultry 
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price was calculated to have increased to 0.48, which 

again is the highest of all cuts. 

Table 6.4: Price Flexibilities, Own Price Elasticities, 
and Income Flexibilities from Quarterly 
SUR Equations 

Cut 

Ham 

Belly 

Loin 

Picnic 

Price 
Flexibili 

-1.33 

-2.50 

-1.18 

-0.69 

ir -1.30 

ty 
Own Price 
Elasticity 

-0.75 

-0.40 

-0.85 

-1.45 

-0.77 

Fl 
Income 
exibili ty 

0.19 

0.17 

0.22 

0.07 

0.12 

The income flexibilities obtained from the quarterly 

equations were lower for every cut than they were from 

annual equations. Changes in income have less impact on 

pork cut prices during the year than they do from year to 

year. The income flexibility of picnic price was again the 

lowest at 0.07, probably because picnics are the lowest 

quality cuts with the lowest price among all pork cuts. 

Comparison between the price flexibilities obtained 

from quarterly estimates of this study with monthly price 

flexibilities estimated by Hacklander in Table 6.5 reveals 

close similarities for three of the five cuts. Although 

different variables and estimation techniques were 

employed, price flexibilities for ham, bellies, and loins 



91 

are very similar for the two studies. As for the other two 

cuts, Hacklander's results indicate a price flexibility 

associated with picnics to be greater than one, while a 

value below one was found in the present study. Also, 

Hacklander found a higher flexibility associated with 

Boston shoulder price that was not as close to the price 

flexibility estimate of ham found in the current study. 

Boston shoulders may have become a close competitor with 

ham in recent years relative to earlier years under 

Hacklander's study. 

Table 6,5: Price Flexibilities with Respect to Quantity 
and Income Estimated by Hacklander 

Own Price Income 
Cut Flexibility Flexibility 

Ham -1,378 0,541 

Belly -2,525 0,332 

Loin -1,046 0.580 

Picnic -1.529 0.672 

Boston shoulder -1.747 1.296 

Source: Hacklander, Duane Donald. Price Relationships 
Among Selected Wholesale Beef and Pork Cuts. 
Unpublished Ph.D. dissertation. Michigan State 
University, 1971. 

Monthly income flexibilities estimated by Hacklander 

were higher for each cut than those estimated for this 

study. The income flexibility for Boston shoulders was 

over 10 times greater than the same flexibility from the 
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present study. This seems contrary to estimates obtained 

in the current research in which income flexibilities 

become smaller as the time period under study becomes 

shorter, indicating that income changes within the year 

have less impact on pork cut prices than annual changes in 

income. 

A significant seasonal demand exists for ham in which 

ham price is found to be lower during the first three 

quarters of the year, as indicated by the negative 

coefficients associated with the dummy variables for the 

first three quarters, Dl, D2, and D3. Not only is 

consumption of ham highest in the fourth quarter, but 

price is also highest during this quarter probably because 

of the increased demand for hams during the Thanksgiving 

and Christmas holiday periods of the fourth quarter. There 

was no substitute meat associated with bellies, but belly 

price was found to be highest in the third quarter of the 

year. 

3SLS and I3SLS Structural Demand 
Models for Ham and Pork Bellies 

SUR and ISUR are believed to be the proper procedures 

for estimating the demand relations for all cuts together 

as a system. However, stocks comprise a substantial 

proportion of ham and belly production during a quarter, 

making consumption of these cuts an endogenous variable 

that is determined by price during the period. Storage 
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stocks for loins and picnics are small relative to 

production because they are generally sold fresh due to 

their relatively short storage life, as stated in Chapter 

II. Two estimation procedures, 3SLS and I3SLS, were used 

in estimating simultaneous equation models for ham and 

bellies. 

The 3SLS and I3SLS equations for the ham model are as 

follows: 

3SLS 

PH = 172.22 - 34.106 PCH + 0,367 PPL + 0.00206 I 
(10.20) (-9.17) (1.84) (3.45) 

- 26.405 Dl - 32.516 D2 - 30.262 D3 (6.16) 
(-8.86) (-10.56) (-9.56) 

SHI = 0.120 - 0.00137 PH + 0.634 SH + 0.171 Dl 
(1.28) (-2.25) (6.30) (5.92) 

+ 0.198 D2 + 0.118 D3 (6.17) 
(7.95) (5.52) 

I3SLS 

PH = 172.10 - 34.083 PCH + 0.369 PPL + 0.00205 I 
(10.21) (-9.18) (1.85) (3.45) 

- 26.400 Dl - 32.509 D2 - 30.257 D3 (6.18) 
(-8.87) (-10.56) (-9.57) 

SHI = 0.102 - 0.00138 PH + 0.633 SH + 0.170 Dl 
(1.29) (-2.25) (6.29) (5.91) 

+ 0.198 D2 + 0.118 D3 (6.19) 
(7.94) (5.52) 

Beginning and end-of-quarter storage stocks of ham, in 

pounds per capita, are defined as SH and SHI, 

respectively. 
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The 3SLS and I3SLS equations for the belly models are 

as follows: 

3SLS 

PB = 185.23 - 48.053 PCB + 0.00134 I + 11.922 D3 (6.20) 
(22.46) (-17.94) (4.38) (6.43) 

SBl = 0.359 - 0.00280 PB + 0.492 SB - 0.309 D3 (6.21) 
(8.09) (-4.29) (7.07) (-12.89) 

I3SLS 

PB = 185.31 - 48.068 PCB + 0.00133 I + 11.924 D3 (6.22) 
(22.46) (-17.93) (4.37) (6.42) 

SBl =: 0.359 - 0,00280 PB + 0,493 SB - 0,309 D3 (6,23) 
(8,12) (-4,31) (7,13) (-12,97) 

Beginning and end-of-quarter storage stocks of pork 

bellies, in pounds per capita, are defined as SB and SBl, 

respectively. 

Four iterations were required in the estimation of 

both ham and belly demand models using I3SLS before the 

0.001 convergence factor for each coefficient was reached. 

All estimated coefficients have signs consistent with 

expectations and are significant at the 5 percent level of 

significance. 

The Durbin-Watson d-statistic for both the ham and 

belly price equations, obtained from the first-stage 

equations, are below d̂  in the table. Thus, positive 

autocorrelation is again present in these quarterly price 

equations. The d-statistic for the storage equations was 

above d.., indicating that the hypothesis of 

non-autocorrelated errors is accepted at the 1 percent 
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level for these equations. Negative autocorrelation is 

absent from all the price and storage equations based on 

the value obtained from 4-d for each equation which is 

greater than d^ in the table. The presence of severe 

multicollinearity also was tested using Klein's method of 

detection. In no equation was r. . > R , implying that 

severe multicollinearity is absent from all equations. 

The coefficient associated with ham price is negative 

in the end-of-quarter storage equation because those who 

store ham will want to hold stocks in storage until ham 

price increases. When price does increase, stocks should 

decrease. Beginning-of-quarter stocks for ham have a 

positive effect on ending stocks primarily because large 

beginning stocks will act to hold the current market price 

down which may increase stocks further. Large stocks 

depress current prices because of the expectation that 

these stocks will soon be released in the market, causing 

market prices to decline. The seasonal demand for ham is 

emphasized by positive coefficients associated with dummy 

variables for the first three quarters of the year. 

Storage stocks increase during the year until the holiday 

seasons of the fourth quarter when stocks reach their 

lowest levels of the year. Insignificance and an incorrect 

sign were associated with the estimated coefficient for 

ham production. This is probably because highest pork 

production occurs during the fourth quarter of the year 
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while stock levels are decreasing. Thus, the effect that 

production has on ending stocks is not correctly accounted 

for. Therefore, ham production is deleted from the 

equation. 

End-of-quarter belly storage is affected by belly 

price and belly storage at the beginning of the quarter. A 

negative dummy variable for the third quarter of the year 

was found significant in the storage equation. Belly 

futures contracts state that to be eligible for delivery 

during the months of February, March, May, July, and 

August, frozen pork bellies shall not have been produced 

or stored prior to November 1 of the previous year 

(Chicago Mercantile Exchange). Thus, storage of frozen 

bellies may be reduced during the third quarter to meet 

this contract specification. 

The relative performance of the two estimation 

procedures in estimating demand for ham and bellies on the 

basis of RMSE and Theil's inequality (U2) coefficient is 

shown in Table 6.6. An examination of the RMSE and U2 

coefficients reveals that the models performed with 

accuracy in predicting all endogenous variables, 

especially consumption and end-of-quarter storage of each 

cut. The 3SLS procedure performed best for the ham model 

in predicting two of the three endogenous variables, 

consumption and ending stocks, while belly consumption and 

ending belly stocks were predicted best by the I3SLS 
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method. The reduced form equations of the 3SLS ham demand 

model and the I3SLS belly model are presented in Appendix 

D. Steps used in deriving the reduced form equations are 

discussed in detail by Roy et al. (1984). 

Table 6.6: Comparison of Alternative Models on the Basis 
of Root Mean Square Errors and Theil's 
Inequality (U2) Coefficient 

Estimation 
Procedure 

3SLS 
I3SLS 

3SLS 
I3SLS 

3SLS 
I3SLS 

3SLS 
I3SLS 

3SLS 
I3SLS 

3SLS 
I3SLS 

Endogenous 
Variable 

PH 
PH 

PCH 
PCH 

SHI 
SHI 

PB 
PB 

PCB 
PCB 

SBl 
SBl 

RMSE 

6.341600 
6.340930 

0.053723 
0.053729 

0.053723 
0.060324 

6.442270 
6.444670 

0.054571 
0.054564 

0.054571 
0.054564 

"2 

0.613485 
0.613420 

0.131889 
0.131905 

0.466432 
0.523743 

0.622478 
0.622710 

0.297113 
0.297077 

0.279155 
0.279121 

Price flexibilities, own price elasticities, and 

income flexibilities for ham estimated by 3SLS and for 

bellies estimated by I3SLS are presented in Table 6.7. 

These own price elasticities and income flexibilities are 

lower than those obtained from the quarterly SUR models. 

In fact, the elasticity estimate obtained for ham using 

3SLS is similar to that obtained from the annual ham 
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demand estimate. Also, the elasticity of demand for 

bellies estimated from the I3SLS model is less than the 

same elasticity obtained from the annual estimate. This 

condition, in which elasticities are lower for shorter 

time periods, is what was expected in the estimation of 

all quarterly models compared to annual models, but was 

not realized until the estimation of bellies using I3SLS. 

Elasticities are expected to be higher in the long run 

because people have more time to adjust production and 

consumption due to changes in price. However, production 

of products such as many agricultural products, including 

hogs, is determined in a previous time period and cannot 

be changed during the current time period. 

Table 6.7: Price Flexibilities, Own Price Elasticities, 
and Income Flexibilities for Hams and 
Bellies Obtained from Simultaneous 
Equation Estimates 

Own Price Own Price Income 
Cut (Procedure) Flexibility Elasticity Flexibility 

Ham (3SLS) -1.50 -0.67 0.18 

Belly (I3SLS) -2.64 -0.38 0.16 

Summary of Results 

Substantial variations in both consumption and prices 

were observed for each pork cut during the 15-year study 

period, both from year-to-year and within years. The per 

capita consumption of individual pork cuts generally 
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increased during the 1980-1984 period over the 1975-1979 

period, contrary to beliefs that pork consumption might 

have decreased because of heightened awareness of 

cholesterol levels in pork. A distinct seasonal demand for 

hams was observed from the data and also was estimated 

using dummy variables associated with the first three 

quarters of the year. Both price and consumption of ham 

was found to be highest during the fourth quarter for most 

years, probably because of the increased demand for hams 

during the Thanksgiving and Christmas holidays of the 

fourth quarter. 

Own price elasticities of demand for pork cuts were 

similar to those of a previous study by Hacklander, with 

the exception of the elasticity of demand for picnics. The 

elasticity estimates for ham and Boston shoulders were 

similar in magnitude while the elasticity of demand for 

bellies was the lowest of all five cuts. The demand for 

loins was found to be relatively more elastic than that of 

all cuts except picnics. 

With the exception of pork bellies, all cuts were 

found to have a close substitute meat. Poultry was found 

to compete closely with hams and picnics, while beef 

competed closely with loins and Boston shoulders. Bellies' 

major use is for bacon which has few good substitutes. 

Disposable personal income was found to positively affect 
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price of all cuts, indicating that all cuts are normal 

products. 

Although several procedures were employed to estimate 

the demand or price structures for different cuts, 

generally the most appropriate was the SUR or ISUR 

procedure for estimating the demand for all cuts together 

as a system. The 3SLS and I3SLS methods were considered to 

be the valid procedures in the estimation of quarterly ham 

and belly demand separately. 



CHAPTER VII 

SUMMARY AND CONCLUSIONS 

Prices of pork and live hogs have varied 

substantially over the years, causing significant 

uncertainties for producers and traders. To obtain a 

better understanding of the causes for these price 

variations, this study was undertaken to examine the 

underlying price structures for the five major wholesale 

pork cuts. Prices of individual cuts do not vary directly 

or in proportion with each other, and increased demand for 

certain cuts occurs during specific seasons of the year. 

A complete understanding of the factors that affect the 

prices of pork and live hogs requires a thorough 

examination of the factors that affect the price of and 

demand for selected pork cuts. 

The overall objective of the present study was to 

analyze the price and demand structure of the five major 

wholesale pork cuts including ham, belly, loin, picnic and 

Boston shoulder. The analysis was based on data for 1970 

through 1984. Data for each cut were examined to 

determine how consumption for each cut has changed over 

time and how prices for each cut have behaved in relation 

to each other. Demand relationships were developed to 

determine the factors that affect the demand for each cut, 

and price flexibilities and elasticities were obtained 

from these estimates. 

101 
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Relationships were specified for each cut in which 

the price of the cut was dependent on consumption of the 

cut, price of substitute products including beef and 

poultry, and consumers' disposable income. Quantities of 

certain cuts are expected to be determined in a previous 

period and hence, consumption can be treated as an 

exogenous variable in the estimation process. For some 

cuts, however, a significant portion of the quantity 

produced is stored. Therefore, an end-of-period storage 

equation along with a closing identity are required for 

completing the demand models for those cuts. 

Several techniques were employed to estimate the 

demand relationship for each cut. Annual demand equations 

were estimated using iterative seemingly unrelated 

regression (ISUR) for all five cuts as a system, while 

quarterly demand estimates were obtained on the basis of 

seemingly unrelated regression (SUR), SUR estimates of 

quarterly demand were superior to those obtained from ISUR 

on the basis of lowest prediction errors during the period 

of fit. Simultaneous equation models of quarterly ham and 

belly demand were estimated using both three-stage least 

squares (3SLS) and iterative three-stage least squares 

(I3SLS), However, 3SLS estimates were used for ham demand, 

while belly demand estimates were obtained on the basis of 

I3SLS because these estimates yielded more accurate 

predictions for the endogenous variables. Price 
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flexibilities for each cut were obtained from both annual 

and quarterly estimates, and own price elasticities were 

computed from the reciprocal of the price flexibilities. 

Estimates of quarterly demand for each cut based on 

SUR were similar to annual estimates with respect to 

variables used to explain variations in the price of each 

cut. The quarterly ham price was found to be lowest during 

the first three quarters of the year as indicated by 

significant and negative dummy variables for these 

quarters. Both ham price and consumption were generally 

highest in the fourth quarter of the year. A significant 

and positive dummy variable for the third quarter was 

found in the belly price equation, indicating that belly 

price is highest during this quarter. 

The simultaneous equation systems for ham and belly 

demand included a price equation, an end-of-quarter 

storage equation, and a closing identity which equated 

consumption of the cut with production plus net storage 

movement of the cut during the period. Price equations for 

ham and bellies were similar to quarterly estimates 

obtained on the basis of SUR, End-of-quarter stocks of 

each cut were found to be inversely affected by price of 

the cut during the period and directly affected by stocks 

held at the beginning of the period. 

Belly price was found to be highly responsive to 

quantity changes with a flexibility of -2.64 obtained from 
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quarterly I3SLS estimates. The reciprocal of this price 

flexibility yields an own price elasticity estimate of 

-0.38. Three of the four factors (given in Chapter IV) 

that affect price elasticities of demand included (1) the 

number of substitutes for the product, (2) the number of 

uses for the product, and (3) the price of the product 

relative to the consumers' purchasing power. All three 

factors can be used to explain the low elasticity estimate 

for bellies. Substitutes for pork bellies are few and the 

primary use for bellies is as bacon. Also, the price of 

bellies relative to consumers' purchasing power is low. 

Therefore, these three reasons may help explain why the 

demand for bellies is the most inelastic of all cuts 

estimated. 

Income flexibilities for bellies on the basis of 

annual ISUR, quarterly SUR, and quarterly I3SLS equations 

were estimated to be 0.20, 0.17, and 0.16, respectively. 

Of the five cuts studied, the difference between annual 

income flexibilities and quarterly income flexibilities 

was smallest for pork bellies, indicating that income 

changes have approximately the same impact on belly price 

whether they occur annually or quarterly. 

Demand for ham is thought to be relatively more 

elastic than that of bellies because more uses exist for 

ham. Also, poultry was found to be a close substitute for 

ham, whereas no substitute was found for bellies. Demand 



105 

for ham is thought to be highest during the fourth quarter 

of the year because of increased consumption of hams 

during the Thanksgiving and Christmas holidays. The close 

substitution of ham with poultry might also be explained 

by the degree to which each of these two products compete 

during this period. 

The own price elasticity of demand for loins based on 

annual ISUR estimation was calculated to be -0,82, and 

-0.85 from quarterly SUR estimates. These elasticity 

estimates indicate fairly responsive changes in quantity 

due to loin price changes, probably due to loin's close 

substitutability with beef and numerous uses as pork chops 

and high quality roasts. The income flexibility for loins 

was the highest of all five cuts studied, possibly because 

loins are the highest quality and most expensive of the 

five cuts. 

Of the five cuts studied in the current research, the 

demand for picnics was the only one found to be elastic. 

The own price elasticity of demand for picnics was 

computed to be -1.08 based on annual ISUR estimates and 

-1.45 based on quarterly SUR estimates. It is possible 

that the broad range of uses for picnics could help 

explain their high elasticity estimate. The percentage 

change in picnic price due to a one percent change in its 

substitute product price was the highest of any cut. Thus, 

if poultry and picnics substitute closely, changes in 
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poultry price may have large impacts on picnic price. The 

low income flexibilities obtained for picnics indicate 

little response in picnic price due to changes in income. 

Quantity demanded of Boston shoulders is fairly 

responsive to changes in its price possibly because beef 

was found to be a close substitute for Boston shoulders. 

Ham may also substitute for Boston shoulders since, 

according to Romans and Ziegler (p. 413), the two are 

similar in quality and price. 

Comparison with the estimates obtained by Hacklander 

indicate similar price flexibilities for ham, bellies, and 

loins, while flexibilities obtained for picnics and Boston 

shoulders are quite different for the two studies. Income 

flexibilities obtained by Hacklander are larger for all 

cuts than those estimated for the present study. 

Of the five cuts analyzed in the present study, belly 

price was the most responsive or flexible of all cuts, 

whether it be annual or quarterly belly price. Ham price 

and Boston shoulders price were similar in responsiveness 

to quantity changes, with ham price slightly more flexible 

than price of Boston shoulders. As expected, loin price 

flexibility was found to be relatively low compared to the 

three previously mentioned flexibilities. The picnic price 

flexibility was estimated to be less than -1, indicating 

less than proportionate changes in price due to changes in 

picnic quantities. 
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Further research on the demand and price structures 

of individual pork cuts might include estimation of 

monthly demand relationships. Storage of loins and 

picnics, which did not significantly affect consumption of 

these cuts in quarterly or annual estimates, might 

significantly affect monthly consumption. Thus, a 

simultaneous estimation procedure might be necessary to 

estimate demand for these two cuts. Estimation of monthly 

demand for these two cuts, along with that of the other 

cuts, might improve the elasticity estimate for picnics, 

which was believed to be high for this study. Monthly 

analysis would possibly reveal the specific months of the 

year when demand for such cuts as ham and bellies is the 

highest. 

Further work on the demand for individual pork cuts 

could include an analysis of the factors that affect the 

price or demand for cuts during earlier and recent years. 

Examination of flexibilities or elasticities from the 

different time periods might indicate how the demand for 

specific pork cuts has changed over time. Evaluation of 

the demand relationships for the two or more time periods 

could be accomplished by the use of the Chow test, which 

is designed to test whether the regression coefficients 

estimated by assigning subsets of a given set of 

observations to two or more different sturctures do in 

fact belong to the same structure. 
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The models and equations performed well in estimating 

consumption and price of different pork cuts during the 

period of study. These equations and models could also be 

utilized to develop prediction models for individual pork 

cuts. 
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APPENDIX A: ANNUAL DATA 

Year PH PP PB PL PBS 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

44.05 
39.56 
50,50 
69.74 
63.64 
84.60 
79.84 
76.78 
86.22 
77.27 
71,76 
77.59 
92,40 
75.35 
77.58 

30.72 
27.66 
35.56 
51.84 
42.35 
55.04 
49.88 
44.13 
55.09 
54.51 
52.18 
52.62 
59.77 
50.47 
48.18 

36.62 
24.06 
38.09 
59.39 
52.11 
78.80 
65.44 
54.18 
62.58 
45.84 
43.66 
51.97 
76.71 
61.89 
59.96 

52.54 
44.93 
59.21 
75.97 
72.59 
92.34 
86.35 
82.68 
95.45 
90.95 
84.82 
96.71 
111.04 
98.28 
97.08 

38.68 
34.36 
46.85 
66.17 
54.43 
77.56 
67.14 
61.18 
76.00 
72.33 
70.11 
76.72 
90.96 
75.11 
73.39 

Year PCH PCP PCB PCL PCBS 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

13.75 
14.78 
13.26 
11.87 
12.93 
10,55 
11.22 
11.54 
11.50 
13,15 
13,92 
13,36 
11,79 
12,40 
11,94 

6,54 
7,04 
6,25 
5,68 
6,08 
4,97 
5.28 
5.49 
5.47 
6.22 
6.62 
6.27 
5.57 
5.88 
5.67 

12.92 
14.01 
12.74 
11.31 
12.19 
9.94 
10.59 
11.02 
10.79 
12.40 
13.14 
12.72 
11.23 
11.57 
11.46 

12.33 
13.30 
11.84 
10.69 
11.50 
9.39 
10.00 
10.33 
10.30 
11.77 
12.52 
11.83 
10.53 
11.11 
10.75 

5.82 
6.25 
5.56 
5.05 
5.42 
4.41 
4.70 
4.86 
4.86 
5.54 
5.89 
5.57 
4.95 
5.23 
5.05 
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Year SHI SPl SBl SLl TQ 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

56.62 
68,66 
57.03 
80,55 
67,99 
50,49 
38,50 
37,87 
45,80 
48.70 
65.80 
37.34 
27.73 
35.70 
48,66 

7,75 
5,03 
6.25 
5.41 
8.81 
5.94 
8.16 
4.06 
3,99 
6,53 
7.81 
8.02 
6.86 
7.89 
11.11 

76.44 
86.07 
39.28 
48.76 
49.26 
44.72 
42.91 
23.75 
54.37 
70.20 
97.37 
54.64 
31.29 
78.65 
57.31 

19.13 
14.97 
9.16 
16.49 
20.35 
14.65 
11.47 
10.93 
15.46 
17.78 
17.13 
19.80 
15.23 
17.17 
12.39 

14,699 
16,006 
14,422 
13,223 
14,331 
11,779 
12,688 
13,248 
13,393 
15,450 
16,616 
15,872 
14,229 
15,199 
14,800 

Year PBF PPL POP 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

46.92 
51.72 
54.55 
66.50 
67.13 
72.87 
60.80 
62.59 
80.48 
101.23 
104.25 
99.90 
101.35 
97.53 
99.93 

26.41 
27.16 
28.14 
42.17 
38.25 
45.07 
40.21 
40.80 
44.50 
44.40 
46.80 
46.30 
44.00 
49.40 
55.60 

3,390 
3,620 
3,860 
4,315 
4,667 
5,075 
5,477 
5,965 
6,621 
7,331 
8,032 
8,874 
9,385 
9,977 
10,893 

201.9 
204.9 
207.5 
209.6 
211.6 
213.8 
215.9 
218.1 
220.5 
223.0 
225.6 
227.9 
230.1 
232.3 
234.4 



APPENDIX B: QUARTERLY DATA 

Y e a r 

1970 

1 9 7 1 

1972 

1973 

1974 

1975 

1976 

1977 
• k ^ 1 1 

1978 ^ <^ 1 \^ 

1979 X ^ ' ^ 

1980 
X -/ w w 

Q t r . 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
Art 

3 
4 
1 
2 
3 
4 

PH 

5 2 . 0 9 
4 3 . 4 2 
3 9 . 3 6 
4 1 . 5 0 
3 7 . 7 0 
3 7 . 0 8 
3 8 . 4 2 
4 5 . 0 6 
4 7 . 0 4 
4 5 . 5 1 
5 0 . 3 7 
5 9 . 5 5 
6 0 . 1 9 
6 2 . 3 9 
7 9 . 4 0 
7 8 . 2 7 
6 8 . 2 5 
5 1 . 1 2 
6 1 . 0 7 
7 4 . 2 3 
7 0 . 0 1 
7 3 . 2 3 
9 1 . 0 7 

1 0 3 . 0 8 
8 3 . 1 4 
8 3 . 4 9 
7 4 . 6 2 
7 8 . 0 5 
7 2 . 5 7 
6 8 . 9 9 
7 4 . 8 6 
9 0 . 9 6 
8 3 . 5 3 
7 6 . 2 6 
8 4 . 0 1 

1 0 2 . 5 0 
8 7 . 5 0 
7 3 . 0 7 
6 7 . 5 8 
8 1 . 3 2 
6 5 . 7 6 
5 7 . 6 9 
7 8 . 0 3 
8 5 . 0 3 

PP 

3 4 . 9 9 
3 1 . 5 8 
2 9 . 7 6 
2 6 . 6 0 
2 7 . 3 5 
2 5 . 7 3 
2 6 . 9 4 
3 0 . 6 4 
3 5 . 5 8 
3 3 . 8 9 
3 7 . 3 8 
3 5 . 4 2 
4 5 . 7 6 
4 7 . 3 6 
6 3 . 1 7 
5 2 . 1 1 
5 0 . 2 3 
3 4 . 7 9 
4 2 . 1 5 
4 2 . 4 8 
4 3 . 2 0 
4 9 . 3 4 
6 3 . 8 6 
6 2 . 9 0 
5 7 . 1 4 
5 3 . 5 9 
4 7 . 8 8 
4 0 . 1 8 
4 1 . 7 0 
4 2 . 4 4 
4 6 . 6 4 
4 5 . 7 4 
5 0 . 6 3 
5 4 . 5 3 
5 6 . 7 9 
5 8 . 6 7 
6 5 . 2 8 
5 5 . 5 1 
4 9 . 5 5 
4 6 . 8 2 
4 9 . 9 7 
3 9 . 7 5 
5 9 . 1 2 
5 9 . 7 9 

PB 

4 3 . 2 7 
4 1 . 1 6 
3 7 . 8 7 
2 4 . 2 2 
2 2 . 7 9 
2 3 . 1 9 
2 4 . 1 5 
2 6 . 1 0 
3 4 . 2 5 
3 5 . 3 9 
4 1 . 4 7 
4 1 . 5 1 
4 9 . 9 5 
5 2 . 7 8 
7 6 . 5 8 
5 9 . 9 3 
5 4 . 7 6 
3 7 . 7 5 
5 6 . 0 5 
5 9 . 8 6 
6 1 . 8 8 
7 4 . 3 3 
9 8 . 7 8 
7 9 . 5 8 
6 9 . 6 1 
7 4 . 8 2 
6 9 . 9 0 
4 5 . 8 0 
5 0 . 5 1 
5 7 . 0 2 
6 1 . 2 8 
4 7 . 7 0 
6 7 . 3 5 
6 4 . 6 3 
5 8 . 7 2 
5 9 . 4 2 
5 9 . 0 6 
4 7 . 2 5 
3 7 . 8 9 
3 8 . 4 3 
3 5 . 7 1 
2 9 . 9 8 
5 1 . 4 3 
5 7 . 1 7 

PL 

5 8 . 1 3 
5 5 . 1 5 
5 4 . 9 7 
4 1 . 9 5 
4 3 . 1 0 
4 1 . 9 6 
4 8 . 3 4 
4 6 . 2 6 
5 5 . 0 7 
5 7 . 1 2 
6 2 . 0 0 
6 2 . 9 7 
7 2 . 6 6 
6 8 . 8 4 
8 7 . 9 1 
7 5 . 3 6 
7 4 . 8 0 
6 4 . 8 8 
7 7 . 3 2 
7 3 . 5 3 
7 6 . 3 9 
8 8 . 3 7 

1 0 5 . 3 6 
9 8 . 3 6 
9 2 . 3 6 
9 2 . 6 7 
8 8 . 1 3 
7 1 . 1 2 
7 8 . 7 3 
8 1 . 5 3 
8 7 . 3 4 
8 3 . 0 5 
9 1 . 0 0 
9 5 . 3 6 
9 6 . 8 2 
9 8 . 8 3 

1 0 4 . 3 4 
9 3 . 6 1 
8 6 . 2 9 
7 8 . 3 6 
7 9 . 1 7 
7 3 . 8 3 
9 2 . 4 1 
9 3 . 6 2 

PBS 

4 5 . 3 0 
3 9 . 6 6 
3 8 . 6 9 
3 1 . 1 3 
3 2 . 6 4 
3 1 . 4 8 
3 5 . 8 8 
3 7 . 4 3 
4 6 . 3 7 
4 5 . 3 6 
5 0 . 2 2 
4 5 . 6 7 
6 4 . 8 5 
5 9 . 8 2 
7 7 . 8 1 
6 1 . 1 6 
6 0 . 2 4 
4 2 . 3 8 
5 8 . 5 2 
5 7 . 1 0 
6 1 . 4 2 
7 2 . 0 2 
9 3 . 1 2 
8 3 . 8 3 
8 0 . 3 8 
7 4 . 4 2 
6 3 . 5 4 
4 9 . 5 3 
5 5 . 5 6 
6 3 . 3 0 
6 6 . 0 3 
5 9 . 6 7 
6 9 . 2 6 
7 6 . 3 8 
7 8 . 6 3 
8 0 . 2 4 
8 8 . 3 4 
7 2 . 9 0 
6 5 . 2 1 
6 1 . 6 4 
6 5 . 2 7 
5 4 . 4 2 
8 0 . 7 4 
7 9 . 4 5 
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Year Qtr. PH PP PB PL PBS 

1981 

1982 

1983 

1984 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

6 6 . 9 5 
7 3 . 6 8 
8 3 . 6 2 
8 6 . 5 2 
8 1 . 5 4 
8 5 . 4 6 
9 5 . 0 2 

1 0 7 . 5 0 
8 5 . 4 1 
6 6 . 4 2 
7 0 . 9 4 
7 8 . 9 7 
7 1 . 3 2 
7 4 . 5 7 
7 5 . 9 3 
8 8 . 4 4 

5 1 . 4 6 
4 9 . 5 1 
5 7 . 5 9 
5 1 . 4 0 
5 4 . 0 9 
6 0 . 7 5 
6 4 . 3 9 
5 9 . 9 3 
5 7 . 6 7 
4 9 . 0 9 
4 8 . 6 1 
4 6 . 2 5 
4 9 . 2 1 
4 6 . 7 9 
5 0 . 2 6 
4 6 . 5 2 

4 6 , 5 9 
4 9 , 2 9 
5 7 . 8 1 
5 4 , 0 4 
6 5 , 2 7 
7 6 . 8 5 
9 0 , 4 0 
7 3 , 9 0 
7 2 , 9 1 
6 2 , 1 5 
6 0 , 7 3 
5 0 , 9 4 
5 8 . 4 0 
6 1 . 2 4 
6 1 . 7 0 
5 8 . 5 3 

9 4 . 9 7 
9 2 . 9 9 

1 0 5 . 2 5 
9 2 . 5 8 
9 9 . 8 2 

1 1 3 . 7 6 
1 2 2 . 4 6 
1 0 7 . 7 8 
1 1 1 . 3 9 

9 9 . 8 0 
9 6 . 9 1 
8 3 . 9 1 
9 6 . 6 8 
9 5 . 6 8 

1 0 6 . 7 8 
8 9 . 5 0 

7 1 . 2 3 
7 3 . 9 3 
8 8 . 6 5 
7 2 . 0 7 
7 6 . 8 3 
9 5 . 2 0 

1 0 4 . 1 4 
8 7 . 2 2 
8 4 . 5 8 
7 5 . 6 5 
7 6 . 8 1 
6 2 . 4 3 
7 0 . 1 5 
7 3 . 4 8 
8 3 . 9 9 
6 6 . 4 1 

Year 

1970 

1971 

1972 

1973 

1974 

1975 

Q t r . 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

PCH 

3 . 1 1 
3 . 1 0 
3 . 3 4 
4 . 1 9 
3 . 7 2 
3 . 4 9 
3 . 4 7 
4 . 1 0 
3 . 3 4 
3 . 2 2 
3 . 1 0 
3 . 6 1 
3 . 1 0 
2 . 9 4 
2 . 5 9 
3 . 2 4 
3 . 1 0 
3 . 3 0 
3 . 1 2 
3 . 3 9 
2 . 7 3 
2 . 6 9 
2 . 3 6 
2 . 7 6 

PCP 

1 .54 
1 .52 
1 . 5 3 
1 .93 
1 . 8 1 
1 .75 
1 .66 
1 .83 
1 . 6 5 
1 .57 
1 . 4 1 
1 . 6 1 
1 .50 
1 . 4 3 
1 . 2 4 
1 . 5 1 
1 . 5 2 
1 .56 
1 .46 
1 .54 
1 .37 
1 .27 
1 . 0 9 
1 .24 

PCB 

2 . 9 7 
3 . 0 3 
3 . 3 6 
3 . 5 5 
3 . 4 5 
3 . 3 7 
3 . 7 1 
3 . 4 8 
3 . 2 1 
3 . 1 6 
3 . 2 4 
3 . 1 8 
2 . 9 6 
2 . 8 5 
2 . 6 5 
2 . 8 5 
2 . 9 9 
3 . 1 0 
3 . 1 5 
2 . 9 4 
2 . 7 2 
2 . 5 2 
2 . 3 7 
2 . 3 3 

PCL 

2 . 9 0 
2 . 8 8 
2 . 9 2 
3 . 6 2 
3 . 4 3 
3 . 3 0 
3 . 1 3 
3 . 4 4 
3 . 1 4 
2 . 9 8 
2 . 6 7 
3 . 0 6 
2 . 8 1 
2 . 6 8 
2 . 3 6 
2 . 8 3 
2 . 9 1 
2 . 9 5 
2 . 7 4 
2 . 8 9 
2 . 5 9 
2 . 4 3 
2 . 0 4 
2 . 3 3 

PCBS 

1 .37 
1.36 
1 .37 
1 .73 
1 .61 
1.56 
1 . 4 5 
1.62 
1 .47 
1 .40 
1 .25 
1.44 
1 .33 
1.27 
1 .09 
1 .35 
1 .36 
1.39 
1 .28 
1 .38 
1 .22 
1.12 
0 . 9 6 
1 .11 
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Year 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

Qtr. 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

PCH 

2.64 
2.49 
2.65 
3.43 
2.89 
2.75 
2.70 
3.20 
2.70 
2.77 
2.76 
3.27 
2.87 
3.15 
3.30 
3.83 
3.54 
3.47 
3.12 
3.78 
3.43 
3.24 
2.99 
3.72 
3.09 
2.85 
2.68 
3.18 
2.82 
2.95 
3.02 
3.60 
2.90 
2.80 
2.75 
3.48 

PCP 

1.28 
1.18 
1.27 
1.55 
1.40 
1.34 
1.28 
1.47 
1,36 
1.34 
1,30 
1,46 
1.40 
1.52 
1.54 
1.75 
1.68 
1.71 
1.54 
1.69 
1.63 
1.55 
1.45 
1.64 
1.45 
1.41 
1.29 
1.42 
1.36 
1.47 
1.42 
1.62 
1.44 
1.40 
1.32 
1.50 

PCB 

2.53 
2.39 
2.71 
2.95 
2.75 
2.61 
2.81 
2.85 
2.64 
2.53 
2.90 
2.72 
2.79 
2.96 
3.37 
3.28 
3.29 
3.41 
3.35 
3.10 
3.24 
3.03 
3.31 
3.15 
2.88 
2.77 
2.83 
2.76 
2.67 
2.85 
3.04 
3.00 
2.83 
2.74 
2.98 
2.89 

PCL 

2.44 
2.25 
2.37 
2.94 
2.64 
2.51 
2.42 
2.75 
2.56 
2.55 
2.47 
2.72 
2.66 
2.87 
2.91 
3.82 
3.18 
3.27 
2.87 
3.20 
3.10 
2.92 
2.72 
3.09 
2.79 
2.66 
2.42 
2.67 
2.59 
2.77 
2.69 
3.06 
2.77 
2.65 
2.46 
2.86 

PCBS 

1.14 
1.06 
1.12 
1.39 
1.24 
1.18 
1.13 
1.30 
1.20 
1.20 
1.16 
1.30 
1.25 
1.36 
1.36 
1.57 
1.49 
1.54 
1.34 
1.52 
1.46 
1.37 
1.27 
1.47 
1.30 
1.24 
1.13 
1.27 
1.21 
1.30 
1.26 
1.45 
1.29 
1.26 
1.15 
1.35 
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Year 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

Qtr. 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

TQ 

3439 
3425 
3455 
4380 
4105 
3990 
3729 
4182 
3799 
3626 
3241 
3756 
3474 
3332 
2871 
3546 
3594 
3674 
3386 
3677 
3237 
2996 
2559 
2987 
3056 
2851 
3018 
3763 
3369 
3215 
3094 
3570 
3307 
3293 
3188 
3605 
3458 
3781 
3802 
4409 
4189 
4327 
3784 
4316 

SHI 

67.94 
94.73 
74.75 
56.62 
77.68 
122.48 
118.63 
68.66 
100.62 
122.42 
94.81 
94.81 
57.03 
68.91 
87,30 
88.39 
80.55 
108.86 
108.58 
89.81 
67.99 
100.13 
94.67 
76.50 
50.49 
63.38 
66.92 
67.31 
38.50 
51.46 
63.40 
61.28 
37.87 
73.47 
89.07 
85.73 
45.80 
65.65 
82.83 
68.33 
48.70 
49.52 
88.76 
100.84 

SPl 

3.99 
6.28 
4.91 
7.75 
8.37 
10.60 
6.51 
5.03 
5.87 
6.09 
4.59 
6.25 
6.27 
5.97 
4.72 
5.41 
8.50 
9.98 
4.86 
8.81 
8.43 
6.56 
3.89 
5.94 
6.50 
7.72 
4.73 
8.16 
7.42 
5.95 
3.91 
4.06 
3.29 
4.78 
3.96 
3.99 
5.16 
5.96 
3.15 
6.53 
6.45 
10.18 
3.02 
7.81 

SBl 

61.07 
67.25 
9.82 
79.44 
111.58 
140.78 
50.65 
86.07 
107.01 
105.73 
16.69 
39.28 
46.41 
48.82 
9.14 
48.76 
65.24 
70.47 
12.85 
49.26 
51.77 
53.39 
7.42 
44.72 
51.18 
49.26 
5.86 
42.91 
52.81 
62.70 
5.24 
23.75 
39.63 
75.03 
7.48 
54.37 
57.74 
78.94 
11.08 
70.20 
85.44 
96.97 
21.87 
97.37 

SLl 

11.35 
12.85 
8.91 
19.13 
17.91 
21.86 
12.05 
14.97 
11.40 
11.31 
7.32 
9.16 
11.99 
16.67 
9.30 
16.49 
12.94 
12.93 
8.65 
20.35 
18.03 
8.28 
7.09 
14.65 
9.44 
8.71 
8.54 
11.47 
9.65 
8.76 
6.22 
10.93 
11.98 
9.76 
5.89 
15.46 
13.07 
15.63 
11.65 
17.78 
14.59 
13.36 
8.48 
17.13 
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Year 

1981 

1982 

1983 

1984 

Qtr. 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

TQ 

4128 
3904 
3628 
4212 
3731 
3566 
3256 
3676 
3512 
3783 
3669 
4235 
3766 
3682 
3366 
3986 

SHI 

65.80 
73.99 
78.63 
87.35 
37.34 
38.83 
62.81 
64.27 
27.73 
41.34 
76.69 
35.70 
72.87 
117.51 
112.62 
48.66 

SPl 

8.83 
8.40 
4.35 
8.02 
11.57 
7.71 
4.14 
6.86 
7.51 
6.35 
5.53 
7.89 
10.50 
14.28 
7.37 
11.11 

SBl 

104.54 
117.80 
16.23 
54.64 
66.06 
72.59 
7.50 
31.29 
44.30 
63.47 
15.67 
78.65 
95.01 
115.08 
22.52 
57.31 

SLl 

14.45 
14.51 
10.59 
19.80 
15.65 
10.19 
6.24 
15.23 
12.57 
13.26 
10.23 
17.17 
9.88 
15.33 
9.86 
12.39 

Year 

1970 

1971 

1972 

1973 

1974 

1975 

Qtr. 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

PBF 

47.42 
48.09 
47.99 
43,89 
49,63 
52,11 
52.09 
52.98 
55,61 
55,42 
54.59 
52.43 
65.19 
69.00 
69.31 
63.92 
72.33 
63.96 
70.35 
61.99 
59.49 
77.40 
79.43 
74.03 

PPL 

27.9 
26.7 
26.0 
25.1 
26.9 
28.2 
28.5 
24.9 
27.8 
27.2 
29.7 
28.0 
37.1 
42.3 
52.6 
36.9 
39.3 
35.3 
37.7 
40.7 
41.2 
43.7 
50.3 
45.1 

I 

3290 
3382 
3436 
3452 
3544 
3613 
3642 
3678 
3748 
3790 
3880 
4029 
4050 
4074 
4090 
4106 
4036 
4025 
4013 
3966 
3928 
4134 
4061 
4081 

POP 

200.8 
201.5 
202.3 
203.1 
203.8 
204.5 
205.2 
206.0 
206.6 
207.2 
207.8 
208.3 
208.8 
209.3 
209.9 
210.4 
210.9 
211.4 
211.9 
212.5 
213.0 
213.5 
214.1 
214.7 
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Year 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

Qtr. 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

PBF 

61.55 
63.79 
57.48 
60.41 
58.54 
62.45 
62.90 
66.44 
71.93 
85.59 
82.04 
82.02 
98,05 
107.05 
97.95 
101.49 
102.65 
101.85 
109.84 
102.58 
96.62 
102.89 
104.63 
94.98 
101.04 
111.83 
99.63 
92.66 
97.15 
104.93 
94.73 
93.16 
104.37 
100.32 
97.84 
96.88 

PPL 

42.2 
41.7 
41.5 
35.5 
40,9 
42.3 
42.4 
37.6 
41.8 
47.6 
46.6 
42.1 
47.5 
47.7 
40.8 
41.7 
43.0 
41.1 
53.3 
49.9 
49.3 
46.1 
47.0 
12.1 
44.8 
45.2 
44.4 
41.5 
43.4 
45.6 
53.8 
54.6 
61.8 
56.4 
54.1 
50.0 

I 

4139 
4151 
4163 
4178 
5721 
5873 
6055 
6209 
6340 
6529 
6711 
6900 
7082 
7226 
7427 
7584 
7793 
7834 
8095 
8325 
8551 
8698 
9088 
9188 
9209 
9295 
9439 
9593 
9675 
9832 
10082 
10318 
10608 
10806 
11000 
11154 

POP 

215.2 
215.7 
216.2 
216.8 
217.3 
217.8 
218.4 
219.0 
219.6 
220.2 
220.8 
221.5 
222.1 
222.7 
223.3 
224.0 
224.6 
225.3 
225.9 
226.5 
226.9 
227.4 
228.0 
228.8 
229.1 
229.6 
230.2 
230.8 
231.5 
232.0 
232.6 
233.2 
233.7 
234.2 
234.7 
236.0 



APPENDIX C: VARIABLE DEFINITIONS 

AND DATA SOURCES 

Price of Ham (PH). 

Wholesale price of skinned hams, fresh freezer 

accumulations or fresh, weighing 14-17 pounds; 

average of prices at the close of the day; cents per 

pound (National Provisioner, many issues). 

Price of Picnics (PP). 

Wholesale price of picnics, fresh freezer 

accumulations or fresh, weighing 4-8 pounds. 

Price of Pork Bellies (PB). 

Wholesale price of pork bellies, green, square cut 

seedless, fresh freezer accumulation or fresh, 

weighing 12-14 pounds. 

Price of Pork Loins (PL). 

Wholesale price of fresh pork loins, weighing 14 

pounds and less. 

Price of Boston Shoulders (PBS). 

Wholesale price of fresh Boston shoulders, boxed and 

weighing 4-8 pounds. 

Price of Beef (PBF). 

Wholesale price of yield grade 3, choice steer 

carcass, weighing 600-700 pounds. 
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Price of Poultry (PPL). 

Wholesale price of young chickens (broilers), 

ready-to-cook, 9 or 12-city average; cents per pound 

(Livestock and Poultry: Outlook and Situation and 

Poultry and Egg: Outlook and Situation, several 

issues). 

Production of Pork (TQ). 

Sum of commercial and farm production of pork during 

the period; million pounds (Livestock and Meat 

Statistics, Supplement 1983, several issues). 

Production of Specific Cuts (QH, QB, QL, QP, and QBS). 

Derived by multiplying total pork production by the 

specific percentage that each cut makes of the pork 

carcass, these being .19 for ham (QH), .18 for pork 

bellies (QB), .17 for pork loins (QL), .09 for 

picnics (QP), and .08 for Boston shoulders (QBS); 

pounds per capita (Department of Animal Science, 

Texas Tech University). 

Storage of Specific Cuts at the end of the Period (SHI, 

SBl, SLl, and SPl). 

Frozen and canned storage of the specific cut held at 

the end of the period; pounds per capita. . Storage of 

the specific cut at the beginning of the period (SH, 

SB, SL, and SP) is obtained from storage at the end 

of the previous period (Cold Storage, several 

issues). 
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Consumption of Specific Cuts (CH, CB, CL, CP, CBS). 

Consumption of the specific cuts in the U.S. during 

the period is derived from production of the specific 

cut plus net storage movement of the cut during the 

period; pounds per capita. In the case of Boston 

shoulders, consumption is equal to production of 

Boston shoulders during the period. 

Consumers' Disposable Personal Income (I). 

Current dollars; dollars per capita (Working Data 

for Demand Analysis). 

United States Population (POP). 

Total civilian population of the United States for 

the period (Livestock and Meat Statistics, Supplement 

1983). 



APPENDIX D: REDUCED FORM EQUATIONS FROM 

THE 3SLS HAM DEMAND MODEL AND THE 

I3SLS BELLY DEMAND MODEL 

Reduced form equations from the 3SLS ham model: 

PH = 167.827 + 0.350 PPL + 0.00197 I - 32.58 QH - 11.94 SH 

- 19.67 Dl - 24.60 D2 - 25.07 D3 

PCH = 0.128 + 0.00048 PPL + 0.0000027 I + 0.96 QH +0.35 SH 

- 0.198 Dl - 0.232 D2 - 0.152 D3 

SHI = - 0.129 - 0.00048 PPL - 0.0000027 I + 0.0448 QH 

+ 0.650 SH + 0.198 Dl + 0.232 D2 + 0.125 D3 

Reduced form equations from the I3SLS belly demand model: 

PB = 178.526 + 0.00117 I - 2.59 D3 - 42.369 QB - 21.468 S3 

PCB = 0.141 + 0.0000033 I + 0.302 D3 + 0.881 QB + 0.553 SB 

SBl = - 0.141 - 0.0000033 I - 0.302 D3 + 0.119 QB 

+ 0.553 SB 
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