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SUMMARY 

In this study we: a) estimated quarterly demand 
functions for red meats and broilers, b) estimated 
quarterly farm-wholesale and wholesale-retail 
marketing-margin equations for red meats, c) esti­
mated red-meat quarterly inventory-investment 
equations, d) developed a complete econometric 
model of quarterly behavior of the beef- and pork­
marketing sector, and e) applied quadratic pro­
gramming to determine quarterly and annual levels 
of farm marketings of hogs and cattle that would 
maximize farmers' annual cash receipts from hogs 
and cattle. 

Linear and logarithmic ( constant elasticity) quar­
terly demand functions (with price as a dependent 
variable) were estimated for beef, pork, lamb, and 
broilers to measure quarterly variations in demand. 
Results from both functional forms indicated that, 
in beef and pork demand functions, intercepts vary 
quarterly, but slopes do not, whereas neither slopes 
nor intercepts vary quarterly in lamb demand 
equations. Logarithmic versions of the broiler de­
mand function found quarterly variation in intercept, 
but not in slopes, whereas linear versions generally 
found no significant quarterly variation in slopes 
or intercept. 

The main purposes of the study of marketing 
margins were to determine effects of factor prices 
and labor productivity on margins and to deter­
mine interrelations among margins on various meats. 
In general, the addition of factor-price and labor­
productivity variables to margin equations con­
taining lagged margins, farm marketings, farm or 
wholesale price, and seasonal dummy variables 
resulted in statistically significant, but small, in­
creases in the value of R2. It was found that beef 
and pork margins are not independent. 

An econometric model of the beef- and pork­
marketing sectors of the United States economy 
was estimated by using quarterly data for the 
first quarter of 1954 through the fourth quarter 
of 1968. The model contained 12 stochastic equa­
tions: two retailers' demand equations, two inven­
tory equations, two consumer demand equations, 
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two wholesale-reta"il margin equations, two farm­
wholesale margin equations, and two farm price 
equations. The model also contained a number of 
identities. 

Final-form equations for farm prices of cattle and 
hogs were derived from the model. These equations 
state the values of farm prices in quarter q 
(q = 1, 2, 3, 4) of year y as a linear function of 
values of endogenous variables in the last quarters 
of year y-1, and of current and lagged exogenous 
variables. After testing the goodness of fit of these 
equations, we selected 4 past years for quadratic­
programming analyses to determine quarterly or 
annual farm marketings that would maximize cash 
receipts from hogs and cattle, and we also projected 
levels of marketings that would maximize cash 
receipts in 1972, 1973, and 1974. 

Given the actual historic levels of annual cattle 
and hog marketings, farmers' annual cash receipts 
from cattle, from hogs, and from both could not 
have been increased by altering the quarterly 
distributions of cattle and hog marketings. 

Given the actual historic levels of quarterly 
hog marketings, annual cash receipts from cattle 
could not have been increased by changing levels 
of cattle marketings, but net revenue from cattle 
could have been increased by reducing annual 
cattle marketings. 

Given the actual historic levels of quarterly 
cattle marketings, annual cash receipts from hogs 
could have been increased by 13 percent by re­
ducing annual marketings of hogs by one-fourth. 

If annual marketings of cattle and hogs had 
been reduced by 16 and 24 percent, respectively, 
annual cash receipts from cattle could have been 
increased by 3 percent, and annual cash receipts 
from hogs could have been increased by 19 per­
cent. 

Comparison of the econometric model constructed 
in this study with findings of previous studies sug­
gests that systematic changes have occurred in 
the seasonal patterns of behavior of consumers 
and of firms involved in beef and pork marketing. 



Econometric and Programming Analyses of the 
Beef- Pork Marketing Se-ctor 1 

by George W . Ladd and Georg Karg 

The objective of the research reported here was 
to determine quarterly levels and (or) annual levels 
of cattle and hog marketings that would maximize 
net farm income from cattle and hogs. Because 
farm-level demands for cattle and hogs vary quar­
terly, determination of quarterly levels of market­
ings can be formulated as a problem of price dis­
crimination with eight interdependent markets: four 
quarterly markets for cattle and four quarterly 
markets for hogs. Analysis of price-discrimination 
problems requires knowledge of demand functions . 
In this study, farm-level demand functions were 
obtained from a quarterly econometric model of 
the beef- and pork-marketing sectors of the economy. 

The econometric model was constructed in four 
stages. The purpose of the first three stages was 
to provide basic information for u se in constructing 
the complete model. 

One stage investigated the structure of quarterly 
demand equations for beef and pork and also for 
lamb and mutton and broilers (1). Another stage 
investigated the influence of factor prices and labor 
productivity on farm-wholesale and wholesale-retail 
marketing margins for red meats (9). The third 
stage investigated inventories of red meats. The 
fou rth stage used results of the three previous 
stages to develop the quarterly econometric model. 
Results of this stage are reported by Karg (9). 

We also investigated quarterly cattle and hog 
production costs. Within the limits of the available 
resources, we were not able to develop reliable 
measures of quarterly variation in costs of pro­
duction of cattle and hogs. Hence, we were unable 
to accomplish our prime objective . We did, however, 
determine quarterly levels of cattle and hog market­
ings to maximize farmers ' annual cash receipts 
from cattle and hogs. Results of this work also 
are reported by Karg (9). 

QUARTERLY RED-MEAT AND 
BROILER DEMAND 

Quarterly farm-level demands for cattle and hogs 
are derived from consumer demands for beef and 
pork. In 1962, Logan and Boles (14) used quarterly 
data for 1948-59 to analyze quarterly variation 
in linear consumer demand equations for beef, pork, 
broilers, and lamb and mutton. To update and 
extend this study, Buttimer ( 1) used quarterly 
data for the period from the third calendar quarter 
of 1953 (1953-III) through the fourth calendar 

1 Project 1705 of the Iowa Agriculture and Home Economics 
Experiment Station . The a uthors a re gra teful to J .M. Skad berg 
for help provided on this research . 

quarter of 1966 ( 1966-IV) to analyze quarterly 
variation in linear and logarithmic demand equa­
tions. 

The problem of investigating seasonal variation 
in consumer demand equations can be stated as 
a problem of choosing among alternative models 
or as a problem in hypothesis testing. Let 

DRP;qy = retail price of i-th product in q - th 
quarter of year y deflated by contem­
poraneous consumer price index; 

PCCiq y =per-capita civilian commercial con­
sumption (Le., consumption from com -
mercial sources) of product i in q - th 
quarter of year y; 

Yq, = per-capita personal disposable income 
deflated by consumer price index for 
quarter q of year y; and 

Tq, = linear time trend. 

Also let i = 1 denote beef, i = 2 denote pork, 
i = 3 denote lamb and mutton, and i = 4 denote 
broilers. The linear consumer demand equation 
for the i- th product in the q - th quarter can be 
written as 

j = l 

Let null hypothesis H( CS, CI) i for product i consist 
of the seven expressions 

/3 ;w = /3 ;20 = /3 ;30 = /3 ;•o 
/3;11 = /3;21 = /3 ;31 = /3 ;41 
/3 ;12 = /3 ;22 = /3i32 = /3 ;42 

/3 ;16 = /3;26 = /3i36 = /3 i46 

The first expression states that the intercept in the 
(price - dependent) demand equation for the i - th 
meat does not vary among quarters. The second 
expression states that the coefficient of beef con­
sumption (j = 1) in the demand equation for the 
i - th meat does not vary among quarters. Other 
expressions state that other slope coefficients in 
the demand equation for the i-th meat remain 
constant over the calendar quarters. A test of 
hypothesis H(CS,CI) i is a test of the hypothesis 
that the intercepts (/3;qo ) and the slopes (/3 ;qh for 
h = 1, 2, ... , 6) remain constant between quarters. 
Let the null hypothesis H(CS,VI)i for product i 
consist of all but the first of these seven expres­
sions. A test of this hypothesis is a test of the 
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hypothesis that slopes remain constant between 
quarters with intercepts unspecified. If H(CS,CI)i 
is accepted, we will write that Model CS, CI 
(constant slopes and intercepts) is the appropriate 
linear model for product i. If H(CS,CI)i is rejected, 
but H(CS,VI)i is accepted, we will write that Model 
CS, VI (constant slopes, but varying intercepts) 
is the appropriate linear model for product i. 

If the variables in the demand equation are in 
logarithmic form rather than in natural number 
form, H(CS,VI)i states that the price flexibilities 
are constant over the quarters for product i, and 
H(CS,CI)i states that the flexibilities and intercept 
are constant over the quarters for product i. 

Buttimer (1) tested H(CS,CI)i and H(CS,VI)i 
for beef, pork, lamb and mutton, and broilers for 
each of eight different formulations of the demand 
functions, four linear equations and four logarithmic 
equations. With each functional form, he estimated 
two equations with per-capita civilian commercial 
consumption as the consumption variable and two 
equations with total per-capita civilian consumption. 
With each choice of consumption variable, two dif­
ferent income variables were used, deflated per­
capita disposable personal income and deviations 
of this income variable from the linear trend value 
of deflated per-capita disposable personal income. 
This latter formulation was used because of the 
high intercorrelation between income and time. 
Results on choices of models are summarized in 
table 1. 

The different formulations of the beef and pork 
demand equations unanimously indicated Model 
CS,VI to be appropriate. That is , H(CS,CI) was 
rejected, but H(CS,VI) was accepted. These results 
agree with the earlier findings of Logan and Boles 
(14) and Stanton (17). All formulations of the lamb 
and mutton demand equations selected Model CS,CI. 
These results differed from results of Logan and 
Boles, who found seasonal variation in slopes and 
intercepts in the lamb and mutton equations. Dif­
ferent formulations of the broiler demand equations 
lead to choices of different models. All logarithmic 

equations selected Model CS,VI, but three of the 
four linear equations selected Model CS,CI. 

Table 2 presents selected statistics from linear 
and logarithmic formulations of the demand equa­
tions for lamb and mutton and for broilers. (De­
mand equations for beef and pork, estimated from 
a more recent sample, will be included in a later 
section, which presents a complete econometric 
model of the beef- and pork-marketing sectors of 
the economy.) In this table and in all subsequent 
statistical results, an * indicates significance of a 
coefficient at the 10-percent level; * * indicates 
significance at the 5-percent level; * * * indicates 
significance at the 1-percent level. In text, coef­
ficients significant at the 10-percent, 5-percent, and 
1-percent levels will be referred to as lowly sig­
nificant, significant, and highly significant. 

In comparing the linear equation on broiler price 
in table 2 with results of Logan and Boles (14), 
we find: a) The two disagree on the sign of the 
beef-consumption coefficient, but agree on its non­
significance. Note, however, that the logarithmic 
broiler price equation in table 2 has a highly sig­
nificant negative coefficient. But both studies found 
a lower sum of squares of deviations of estimated 
prices from actual prices for linear equations than 
for logarithmic equations, and hence, concluded that 
the linear equation was more appropriate. b) Both 
have a negative coefficient of pork consumption 
in the linear broiler price equation, but Logan and 
Boles' coefficient was not significant. c) Both have 
a negative and highly significant coefficient of broiler 
consumption. d) Both have a positive coefficient 
of lamb consumption. This coefficient was lowly 
significant in the Logan and Boles study. e) Logan 
and Boles found a negative and nonsignificant coef­
ficient for income. The coefficient of income devia­
tions in table 2 is positive and highly significant. 

A brief but accurate comparison of price equa­
tions for lamb in table 2 with Logan and Boles' 
lamb price equations is difficult because Logan 
and Boles found Model VS,VI to be appropriat,e 
for analysis of lamb price, and Buttimer found 

Tab l e 1. Summa r y o f resu lts of tests of hypot heses of constancy of s l opes a nd intercep t s in beef, pork, l amb 
and mutt on, ~. nd bro iler quarterly demand equat i ons, 1953 -I II t o 1966 - IV: Appropriate linear and 
l ogarithmic mode l s . • 

Commodity Comme rcial Consumpti on Total Consumption 

Linear equati on Logarithmi c equation Li near equa t ion Logari thmi c equation 

Income Income Income Income Inc ome Income Income Income 
deviations dev i a tions deviations deviations 

Beef cs, VI cs, VI cs, VI cs, VI cs, VI cs, VI cs, VI cs, VI 

Pork cs, VI cs, VI cs, VI cs, VI cs, VI cs, VI cs, VI cs, VI 

Lamb and mutt on cs, Cl cs, CI cs, CI cs, CI cs, CI cs, Cl cs, CI cs, CI 

Broilers cs, CI cs, VI cs, VI cs, VI cs, Cl cs, CI cs, VI cs, VI 

a 
Mode l cs, CI: Constant s l opes and intercepts 

Model cs , VI: Constant slopes but varying intercepts 

658 



Table 2. Selec ted statistics from lamb and mutto n and broile r demand e quations, 1953-III to 1966 -IV~/ 

Per-capita civi lian Dependent 
Dg_/ rJ!:I ~ connnercial consumetion Income R2 variable 1 Time 1 2 3 Beef Pork Lamb Broi l ers deviations 

DRP s:..I 124.98 -1.057 -1. 600 -13. 990 - 0 .060 0 .026 0 . 206 o. 682 
L 11. 20-/nh'< 0.467 ** o. 353'<** 3 • 9 86,-h'o', 0.7 01 0.010*"' 0.084 * 

logDRP/-/ 0.184 -0.135 -0. 241 -0 . 225 0.088 0 . 628 -0.033 0 . 637 
o. 97 0 . 121 o. 092>'<* (0 . 071>''** 0 . 064 (0 . 312)>'d, 0.018 

DRP =f 66. 70 o. 718 3.576 4 . 299 0 . 210 -1.071 9.083 - 3 . 826 0.036 -0.108 o. 949 
C 10,39"'** o. 936 1. 272>'<** l.503bh'< 0.474 0.331*** 3 . 680'<* o . 84&'*"' o . oo~,·"* 0.111 

l ogDRPC <ii - 2 .010 0.016 0.03 9 0.050 -0. 398 -0. 204 0.091 -0. 381 1.424 -0.021 0.956 
1.093 0.009* 0.010*'" 0.010*** o. 138*'"* 0.116 0.088 o. 007 8*>'0 '< 0.359*'"* 0.022 

~ /Coeffici e nts are prese nt ed on the top line for each e quat i on; standard errors, on the second l ine . 

~/ D is a dunnny variable that equals unity in the q-th quar t e r of each year and e quals zer o in al l 
othe r quarters~ 

~/DRPL = Deflated retail price of lamb and mutton. 

~/Independent varia bles wer e in logarithmic form in these equations. 

~/DRP = Deflated retail price of broilers. 
C 

Model CS,CI to be appropriate. Buttimer's findings 
concerning consumption and income-deviations vari­
ables differed little between models CS,CI, and CS, 
VI. If we compare the linear Model CS,VI lamb 
price equations from the two studies, we find: 
a) Both have negative highly significant coefficients 
of beef and pork consumption. b) Both have neg­
ative significant coefficients of lamb consumption. 
c) Both have negative nonsignificant coefficients 
of broiler consumption. d) Logan and Boles found 
a negative nonsignificant coefficient of income . 
Buttimer found a positive highly significant coef­
ficient of income deviations . 

QUARTERLY RED-MEAT MARKETING 
MARGINS 

With given consumer demand equations for beef 
and pork, derived farm-level demand equations 
for cattle and hogs are affected by marketing mar­
gins. Our study of quarterly marketing margins 
for red meat used dynamic models of margins pre­
sented earlier by Fuller (3) and by Fuller and 
Ladd ( 4) and included measures of factor prices 
similar to the measures used by Manchester ( 15). 
Among the measures of factor prices used were: 

CN, = 0.3C, + 0. 7N, 
where 

C, = container and packaging materials price 
index in quarter t, 1957-59 = 100 

N, = new plant and equipment price index in 
quarter t, 1957-59 = 100 

CNW,= 0.lC, + 0.2N, + 0.7IHW, 

where 
IHW, = index of average hourly earnings per 

production worker in meat - products in -
dustry, SIC 201, in quarter t, 1957 -
59 = 100 

HW, = aver.age hourly earnings per production 
worker in meat-products industry, SIC 
201, in quarter t 

CNR, = 0. lC, + 0.2N, +0. 7IHR, 
where 

IHR, = index of average hourlyearningsofnon­
supervisory workers in grocery, meat, 
and vegetable stores in quartert, 1957-
59 = 100 

HR, = average hourly earnings of nonsuper­
visory workers in grocery, meat, and 
vegetable stores in quarter t 

CN, is an index of prices of containers and pack­
aging materials and prices of new plant and equip­
ment. CNW, and CNR, contain these same prices. 
In addition, CNW, contains wage rates in the meat­
products industry, whereas CNR, contains wage 
rates in food retailing. Two indexes of labor pro ­
ductivity in marketing also were used 

LPl , = HLCJ ULC, 
and 

LP2, = index of output per man-hour in manu -
facturingmeat products, 1957-59 = 100 

where 
HLC, = hourly labor cost in marketing farm -

food products, quarter t 
ULC, = unit labor cost in marketing farm-food 

products, quarter t 
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HLC equals total labor cost (TLC) divided by total 
man-hours (TMH); unit labor cost (ULC) equals 
TLC divided by the volume of food marketed 
(VFM). Hence 

HLC/ ULC = (TLC/ TMH)/(TLC/ VFM) 
= VFM/TMH 

LPl , measures the volume of food marketed per 
man- hour and hence is a measure of labor pro­
ductivity in all farm-food marketing. Data for C,, 
N ,, HLC., ULC, and LP2, were taken from various 
issues of the Marketing and Transportation Situa­
tion. Data for HW, and HR, were taken from publi­
cations of the Bureau of Labor Statistics. The 
following deflated cost variables were used: 

CNl, = CNJ LPl, 
CNWl, :::; CNWJ LPl, 
CNRl , = CNRJ LPl, 
HWl , = HWJ LPl , 
HRl , = HRJ LPl , 
CN2, = CNJ LP2, 
CNW2, = CNW,/ LP2, 
CNR2, = CNR, I LP2, 
HW2, = HWJ LP2, 
HR2, = HRJ LP2, 

The sample period for the study of quarterly 
marketing margins was from 1954-lthrough 1967-
IV. The general procedure followed was to add 
factor-price or labor-productivity variables, or 
both, to equations containing lagged margins, farm 
marketings, seasonal dummy variables and, some -
times, farm or whole sale prices and to use an 
F-ratio to test the significance of the added vari­
ables. Tables 3 and 4 summarize some of the 
results by showing some of the sets of factor - price 
and labor- productivity variables causing significant 
increases in the values of R2

• Equation 3.3 in table 
3, for example, shows that addition of the variables 
CN,, HW, and LP2, to a pork farm -wholesale mar­
gin equation resulted in a significant increase in 
the value of R2

; and the coefficient of CN, was posi­
tive and significant at the ! -percent level, the 
coefficient of HW, was negative and nonsignificant, 
and the coefficient of LP2, was positive and non -
significant. Not all the signs, even of significant 
coefficients, are as expected. For example, one 
would expect the sign of CN, to be positive; it is 
negative in equations 3.4 and 3.5 in table 3. Other 
combinations, not shown in these tables, caused 
significant increases in the values of R2, but con­
tained unexpected signs. Although the combinations 
in tables 4 and 5, and others, made significant 
increases in the values of R2

, the increases usually 
were small. 

Interrelations between margins also were ana­
lyzed. We found that: a) Farm-wholesale pork mar­
gins were not influenced by current farm-wholesale 
beef margins; b) Farm-wholesale beef margins were 
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affected by farm-wholesale pork margins; c.) Whole­
sale-retail pork margins were influenced by whole­
sale-retail beef margins, and vice versa. At neither 
level of the market'ing channel did beef or pork 
margins affect lamb and mutton margins. The study 
also tested for effects of inventory changes on 
margins. In every case, the null hypothesis of no 
effect of inventory change on marketing margin 
of the same meat was accepted at the 5-percent 
level. 

All equations in this study were estimated by 
classical least squares. Because of the possibility 
of simultaneous determination of margins and some 
of the explanatory variables-especially farm and 
wholesale prices-several equations were re­
estimated by two-stage least squares. Differences 
between the least-squares and two-stage, least­
squares results were negligible. It also seemed 
likely that errors in equations for different mar­
gins would be correlated and, consequently, that 
Zellner's method of seemingly unrelated regres­
sions (20) would be appropriate. To check on this 
possibility, residuals were computed for selected 
equations , and simple correlation coefficients 
between residuals for pairs of equations were com­
puted. None of the simple correlation coefficients 
was significant. Hence, Zellner's method was not 
used. 

Tables 5 and 6 present selected margin equa­
tions for lamb and mutton. (Beef and pork margin 
equations will be presented later.) Symbols in 
tables 5 and 6 not previously defined are: 

MWL , = farm-wholesale margin on lamb and 
mutton, current quarter; 

WPL, = wholesale price of lamb in quarter t; 
llWPL, = WPL, -WPL,-1; 
CPL, = farm marketings of lamb in quarter t; 
tlCPL, = CPLt -CPL, -1; 

D., = 1 in q -th quarter of year; 
= 0 in all other quarters; and 

MRL, = wholesale -retail margin on lamb in 
quarter t. 

QUARTERLY RED-MEAT INVENTORIES 

Quarterly demands for livestock from farmers 
are affected by demand for meat for inventory 
holdings. An earlier study (10) of end-of-quarter 
inventories of beef and pork that used 1949-111 
to 1960-IV data found that some 95 percent of the 
variance in inventories could be explained by lagged 
inventories, changes in farm livestock marketings, 
and seasonal dummy variables. This earlier study 
found no evidence that changes in meat inventories 
were affected by levels or changes in meat sales or 
by levels or changes in wholesale meat prices. 

In a study using data for 1954-1 through 1967 -
IV we also found lagged inventories, livestock 
marketings, and seasonal dummy variables to be 
important determinants of inventory change. We 
also found significant evidence, however, ofrelations 



Table 3. Factor price and labor productivity variables making signific?nt additions to value of R
2 

in 
quarterly farm -wholesale margin equa tions, 1954 - I to 1967-Iif-!. 

. 
Labor LPl 

Equation Commodity p roductivity CN CNW HW or CNWl HWl 
no . measure LP2 

3.1 Pork LPl +l -1 

3 . 2 II LPl +l 

3.3 LP2 +l + 

3.4 Beef LPl - 1 +l - 1 

3 . 5 LP2 - 1 +l -1 

3.6 Lamb LPl +l 

3.7 II LPl +l 

3.8 LPl +l 

al Entries in each row indicate variables added in that equation. First element in each 
entry indicates sign of coefficient of variable, second e ntry indicates percentage leve l of significance 
of variable. Absence of second entry indicates nonsignificant coefficient. 

Table 4. Factor price and labor productivity variables making significant additions to value of R
2 

in quarterl y 
wholesale - retail margin equations, 1954-I to 1967-rvi!/ 

Equation 
Labor- LPl CNl HWl 

Commodity productiv- CN CNW CNR HR HRl no . 

4.1 

4.2 

4.3 

4.4 

4 . 5 

4.6 

4 . 7 

4.8 

4.9 

4.10 

4 . 11 

4.12 

or or or 
ity measure LP2 CN2 HW2 

Pork LPl +l + 

LPl +l - 10 

LPl +l 

LPl - 1 +1 

LPl +l 

LPl +l + 

LP2 +l 

Beef LPl +l +5 

LPl -1 +l 

LP2 +l 

LP2 -1 +l 

Lamb LPl + +l - 10 

LPl -5 +l 

lYEntries in each row indicate variables added in that equation. First element in each 
entry indicates sign of coefficient of variable, second entry indicates percentage level of significance 
of variable. Absence of second entry indicates nonsignificant coefficient. 
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Tab l e 5 . Selec t ed s t atis ti cal resul t s from quarter l y farm-who l esa l e lamb and mu tt on ma r ke t i ng marg i n equa t i ons, 
1954 - I t o 1967 - I V. 

Equa - Dependent 
t i on va r iab l e 

no . 

5 . 1 MWLt 

5 . 2 MWL t 

- 0 . 918 
2 . 870 

- 1. 166 
2 . 162 

,'IWPLt CNWlt 

o. 33 1 o. 591 0 . 024 0 . 066 
0 , 0501n'o', 0 . 095,h'd, 0 . 0 lU"' 0 . 030,·c;, 

0 . 319 0 . 485 0 . 025 
0 . 048°hh', 0 . 101 idd, 0 . 0101d, 

. 
HW2 Dlt t D2 t D3 t l 

-1. 3 93 - 0 . 132 - 0 . 232 o. 72 7 
0 . 324ohh, 0 . 370 0 . 2 94 

3 . 761 - 1. 3 73 - 0 . 107 - 0 .1 06 0 . 753 
l . l 76ohh', 0 . 307,'n'd< 0 . 352 o. 285 

Tab l e 6 . Se l ec t ed statis ti ca l r esu lt s f r om qua r t e r l y who l esa l e - r e t a il l amb and mutt on ma rke ti ng ma r g i n e qua tions, 
1954 - I t o 1967 - IV . 

Equa -
tion Dependent 1 WPL t 6WPLt MRLt -1 CN 

va ri ab l e t 
no . 

6.1 M~t - 5 . 359 - 0 . 033 - 0 . 405 0 . 343 
4 . 24 1 0 . 108 0 . 104*''"'' 0 , 121 ,h'c,', 

6 . 2 M~t 2.022 - 0 . 160 - 0 . 34 8 0 . 238 0 . 086 
7 . 052 0 . 121 0 , 102 io'd, 0 . 127,·, 0 . 066 

between pork sales and pork inventory, between 
beef s ales and beef inventory, and between lamb 
and mutton price and inventory. (Results of a still 
more recent study on beef and pork inventories 
will be presented later. ) The following equations 
illustrate the 1954- I to 1967- IV results on lamb 
and mutton inventories 

M L, = -0. 191IL, _2 + 0.003~CP8 , + 0.009~CPL, 
0.072 ""* 0.003 0.050 

+ 0.092~CPL, -1 -0.435~WPL, + 0.464~WPL, -1 
0.042 ** 0.209 ** 0.183* * 

+ 1. 714D1, + 0.620D2,- 1.588D3, + 2.519 
0.50 1 *** 0.745 0. 711 ** 0.988** 

R2 = 0.557 

Variables not previously defined are 

I 1., = inventories of lamb and mutton at the end 
of quarter t ; 

~IL, = IL, - IL,- 1; and 
CP 8 , = farm marketings of cattle in quarter t. 

COMPLETE QUARTERLY MODEL OF 
BEEF- AND PORK-MARKETING SECTOR 

Qu arterly data for 1954- I through 1968- IV 
were u sed to construct a complete econometric 
model of the beef- and pork- marketing sectors of 
the United States economy. Quarterly farm-level 
demand equations for cattle and hogs were then 
derived from this model. Construction of this model 
drew heavily on the three previously summarize d 
studies of demand, margins, and inventories. The 
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R2 CNRt HR LPl t Dl t D2 t D3 t t 

0 . 275 - 9 . 163 0 . 852 0 . 386 0 . 877 0 . 883 
0 . 136,h'c 11. 703 0 . 683 0 . 838 0 . 693 

20 . 620 - 23 . 368 1. 01 5 o. 668 1. 005 0 . 893 
7 . 459ohh, 13 . 091 ,., 0 . 66 1 o. 820 0 . 665 

mod e l conta ined 12 behavioral e quations : 2 
retailers' - demand equations, 2 inventory-invest -
ment equations, 2 retail -price equations, 2 whole -
sale - retail m argin equations, 2 farm-wholesale 
margin e quations, and 2 farm - price equations. Th e 
model also contained 18 identities. In the pre sen -
tation of the model, endogenous variables will b e 
represented by capital letters; exogenous variables 
by lower case letters. Each symbol will be defined 
as it is introduced. 

Every behavioral equation was estimated in more 
than one way. Methods of estimation are identified 
as: OLS indicates least squares; ALS indicates 
autoregressive least squares, a method th at assumes 
the presence of autocorrelated errors and only one 
endogenous variable in an equ ation; 2SLS indicates 
two-stage least squares, a method that a ssumes 
th e presence of more than one endogenous variable 
l;llld temporal ind ependence of errors; A2SLS in ­
dicates autoregress ive, two-stage , least squares, a 
method that a ssumes both autocorrelated errors 
and more than one endogenous variable. 

Every b eh avioral equation contained three sea -
sonal dummy variables define d as follows: 

d1, = 1 in 1st quarter of each year, 
= 0 in all othe r quarters; 

d2, = 1 in 2nd quarter of each year, 
= 0 in all other quarters; and 

d3, = 1 in 3rd quarter of each year, 
= 0 in all other quarters. 

Coefficients, and their standard e rrors, of these 
variables are presented in table 7, along with 
intercept terms, autoregr essive error coefficients, 
values of R/ , and Durbin -Watson d statistics. 



Table 7 . Estimation method used, interr1pt, coefficients of seasona 1 dummy variables and 
of autoregression in errors, RA and Durbin - Watson d- statistics. . 

Equa- Depen - Es t ima -
tion dent tion 2 
no . v ar i - meth od 1 d lt d2t d3t uit -1 RA d 

able 

l ' RDBt OLS - 40. 65 54. 92 9 67 . 185 106 . 333 o. 993 o. 74 1 
156 . 06 21.470id, 22 . 111 ;'di, 21.111 ;hb', 

1 RDBt A2SLS -1 67. 58 53.379 75 . 983 105.069 0 . 579 0 . 985 1. 843 
70 .631 11. 918'dd, 13 . 846;Hd, 11. 745 0 . 098i<>'d, 

2 ' RDPt OLS - 188 . 75 12. 330 130 . 722 22 1. 407 0 . 971 1 . 762 
11 0 . 02,, 21. 076 24 . 1 85 ;h'd, 25 . 336"""'' 

2 RDPt 2SLS - 22 1. 62 12 . 807 13 1. 956 22 1. 544 0.972 1. 699 
109 . 16 20 . 679 23. 735,'dd, 24.857*i,* 

3 !).I B t OLS 8 .1 71 - 58 . 834 - 4 1.1 09 - 34 . 823 0 . 879 2.098 
16 . 986 11 . 52~""' 13 . 32 1 ;'di, 11. 4 91 ,h'd 

4 ' 4 IPt OLS - 78 . 205 1. 681 11 . 24 8 - 62 . 468 0 . 889 2 . 213 
66 . 7 90 21. 881 26.689 27 .04 ]id 

4 6 1Pt 
2SLS - 76 . 344 2.623 12 . 482 - 60.434 0.887 2 . 2 93 

6 7 . 354 22. 132 27. 018 2 7. 64 9id, 

5 ' RP BCt OLS 130 . 36 - 2 . 185 - 1. 702 1. 610 0 . 806 1. 305 
9 . 22'"'* 0 . 72'c,'dd 1 . 020 1. 204 

5 RP BCt A2SLS 123 .93 -2 . 385 - 1. 803 1. 284 o. 330 0.678 1. 792 
6 . 66f;'dd, 0 . 74fJ'dd, 1. 134 1. 325 0 . 124 ;•,;, 

6 ' RP Pt OLS 134 . 15 - 6 . 090 -8 . 666 - 5 . 880 0.833 0. 964 
10 . 76i,id 0 . 99f;'o'd, 1. 040idd l . 139;'d;', 

6 RP Pt A2SLS 143.20 - 3 . 7 81 - 5 . 823 - 3.472 0 . 484 0 . 760 2 . 074 
6 . 49'jdd, 0 . 6 ]4'h'd, 0. 806;h'o', 0 . 93];'di, 0 . 109inh', 

7 ' MRBC t OLS -1. 3 95 - 0 . 906 - 0 . 336 - 0. 33 8 0 . 954 1. 904 
2 . 848 O. 3 1 lidn', 0 . 301 0 . 313 

7 MRBCt 2SLS -1. 322 - 0 . 93 9 - 0 . 353 - 0 . 434 0. 913 1. 76 7 
3 . 966 0 . 432 in', 0 . 417 0.437 

8 ' MRP t OLS 3 .182 - 0 . 093 - 0 . 598 0 . 642 0 . 901 1. 992 
5 . 086 o. 32 9 0 . 321'°' 0 . 326;', 

8 MRPt 2SLS 2. 772 - 0 . 010 - 0 . 511 0 . 728 0. 903 1. 72 9 
5 . 054 0 . 332 0 . 325 0. 330id, 

9 ' MWBCt OLS 2 . 707 o. 73 1 0.339 0.011 0 . 766 1. 83 5 
l.489i, 0 . 26~id, 0 . 284 0. 238 

9 MWBC t 2SLS 2.586 0 . 759 0.386 0 . 063 0 . 755 1. 860 
1 . 555,·, 0 . 2 7 8;'d;', 0.300 0 . 256 

10 ' MWPt OLS 2.668 - 0 . 408 - 0 . 855 - 0 .1 96 0 . 83 1 2 . 23 1 
0 . 86 9,hh', 0 . 2 14,·, 0 . 259""'"'' o. 276 

10 MWPt 2S LS 2 . 835 - 0 . 376 - 0 . 7 87 - 0.093 0 . 766 2. 273 
1. 03 1'"'"'' o. 2 55 0.309;'d, 0 . 333 

11' FPBt OLS - 0 . 767 1 . 282 1 . 341 0 . 305 0 . 956 1 . 202 
1. 033 0 . 1 96 in'd, 0 .1 88;h'd, 0 . 1 98 

11 FPB t A2SLS - 0 .874 1.1 97 1. 322 0 . 345 0 . 387 0 . 929 1 . 82 7 

o. 775 0 . 165 1"''* 0 .1 66idd, 0 .1 66i'* 0 . 120,,,H, 

12 ' FPPt OLS 0 . 702 0 . 081 - 0 . 336 - 0 . 510 o. 993 1 . 810 

0 . 17 9*""'' 0 . 09 1 0 . 093;''1,i, 0 . 0 94 ;',*;', 

12 FPPt 2SLS 0 . 695 0 . 080 - 0.336 - 0 . 511 0.958 2 . 262 

0 . 479 0 . 241 0.245 0 . 24 9i,i, i, 
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RA 2 is the coefficient of multiple determination 
adjusted for the number of regressors. This table 
also identifies methods of estimation used. Results 
other than those in table 7 are presented in the 
text. Standard errors are given below each coef­
ficient. The numbers of the different equations are 
written with or without prime; e.g., (1) 'denotes a 
preliminary estimate of this equation, and ( 1) 
denotes the final estimate of this equation to be 
used later. 

Retailers' Demand 

Throughout the re st of this report, subscript B 
identifies beef, BC identifies choice -grade beef, 
and P identifies pork. Subscript t identifies current 
values; one- and two-period lags are identified by 
t-1 and t-2. Variables in retailers' demand equa­
tions are defined as: 

RD,, = retailers' demand for i-th meat = CC,, ; 
CC,, = civilian consumption of commercially pro -

duced i-th meat (in mil. lb. carcass­
weight equivalent), i = B,P; 

VW,, = wholesale value of quantity of i-th car­
cass equivalent to 1 lb. of retail cuts (in 
cents /lb. retail cuts), i = BC, P; 

mt,, = military takings of commercially pro -
duced i-th meat (in mil. lb. carcass­
weight equivalent), i = B, P; 

cp ,, = domestic production of commercially pro­
duced i-th meat (in mil. lb. carcass­
weight equiv alent), i = B, P; and 

t2, = linear time trend between 1954- I and 
1962- IV and constant thereafter. 

VW, is computed by multiplying wholesale price by 
a conversion factor representing the number of 
pounds of carcass required to produce 1 pound of 
retail cuts. The conversion ratio for beef increased 
gradually from 1.34 in 1954 to 1.41 in 1962 and 
remained constant thereafter. Variable t 2, was 
included in the retailers' beef demand equation to 
allow for this change. OLS estimation yielded: 

(1)' RD8 , = 2.858 VW8 c, - 0.064 mt8 , + 0.910 Cp8 , 

2.015 0.550 0.039* ** 

+ 11.026t2, 
1.495 * * * 

(2)' RDP, = 3.641 VWp, - 1.607 mtp, + 0.993 cpp, 
1.464* ** 0.817 *** 0.027* ** 

The signs of the coefficients in equations 1' and 2' 
are as expected. Because d indicated positive 
serial correlation in equation 1 ', this equation was 
re-estimated with A2SLS, and equation 2' was 
re- estimated with 2SLS, yielding: 
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( 1) RD 8 , = 3. 760 VW8 c, - 1. 110 mt8 , + 0. 952 Cp8 , 

2. 198 * 0.430 ~ ** 0.034 * * * 

+ 11. 718t:, 
1.908 * * * 

(2) RDP, = 4.288VWP, -1.784mtp, + 0.998cpp, 
1.472 ** * 0.807 ** 0.026 *** 

A2SLS increased the significance of coefficients of 
VW8 c, and mt8 ,. In equations 1 and 2, the hypoth­
esis of serial independence of residuals is accepted. 

Inventories 

Variables in inventory equations not previously 
defined are: 

I,, = ending stocks of commercially produced 
i- th meat (mil. lb. carcass weight) 
i = B, P; 

ti.I,, = I,, - I,,- 1; 
S,, = sales of meat i, i = B, P, 

ti.S,, = S,, - S,, -1; 
Licp,, = cp,, - cp,, _1; 
Li'cp0 , = Licp8 , in first, second, and third quarters, 

= - 3ti.cp8 , in fourth quarter; and 
.:if. = 0 in second and third quarters, 

= spring pig crop of current year, minus 
fall pig crop of current year in fourth 
quarter of current year and first quarter 
of subsequent year (in 10,000's of head 
of pigs saved). 

OLS yielded 

(3) Lil8 , = 0.026 S8 , _ 1 - 0.433 18 , _ 2 + 0.155 LiCp8 , 

0.005* ** 0.069 *** 0.018 *** 

+ 0.038 Licpp, - 0.048 Li'cp8 , 

0.012 *** 0.013 *** 

(4)' ti.Ip, = -0.078 ti.Sp, - 0. 161 SP, -1 - 0.243 IP ,-2 
0.037 * * 0.046 * * * 0.069 * * * 

+ 0.204 Cpp, + 0.064 .::if, 
0.042 *** 0.013 *** 

Since d is biased in equations 3 and 4', rho-the 
coefficient of autocorrelation in the errors-was 
computed by A2SLS. This confirmed the d- statistics 
in accepting the null hypotheses of serial inde -
pendence of the errors. Equation 4' was re­
estimated with 2SLS. 

(4) ti.I p, = -0.089 ti.SP, -0.172 SP,-1 -0.240 IP,-2 
0. 046 * 0. 053 * * * 0. 070 * * * 

+ 0.214 Cpp, + 0.063 .:if. 
0.048 ** * 0.013* ** 



The most noteworthy differences between equations 
3, 4' , and 4 and the earlier results by Ladd (10) 
are in the sales variables. In equations 3, 4', and 
4, Sa,-" .6.Sp,, and Sp,_1 have significant coefficients. 
In analyses of inventory investment with data for 
1954- I through 1967•- IV, we also found significant 
evidence of a relation between sales and inventories. 
In a study covering 1949- III to 1960- IV, Ladd 
(10) found no significant relation between sales 
variables and inventory changes. 

One appealing explanation of the difference 
between the study published in 1963 (10) and the 
recent studies is that packers have recently be -
come more adept at forecasting levels of meat 
sales, and they now consider expected or forecast 
levels of meat sales in determining levels of meat 
inventories, whereas, previously, they were unable 
to predict meat sales accurately and consequently 
did not consider expected sales in determining 
levels of inventories. 

Retail Prices 

Variables in the retail-price equations not 
previously defined are: 

RP,, = retail price of i- th meat (cents / lb. re -
tail cuts) i = BC, P; 

icp, = index of consumer prices of all items, 
1957- 59 = 100; 

DRP,, = RP,J icp,; 
PCC,, = per- capita civilian consumption of com­

mercially produced i-th meat (lb. 
carcass-weight equivalent per person), 
i = B, P; 

pee,, = per-capita civilian consumption of com­
mercially produced i-th meat, i = L 
denotes lamb (lb. carcass-weight equiv­
alent per person), i = C denotes broilers 
(lbs. ready-to-cook per person); 

dy, = per- capita disposable personal income 
(dollars) seasonally adjusted, deflated 
by icp,, computed as a deviation from 
a linear trend of income on time; and 

t 1, = linear time trend between 1954- I and 
1968-IV. 

The Buttimer (1) and Logan and Boles (14) 
studies found quarterly variation in intercepts, but 
not in slopes, of the beef and pork retail- price 
equations. Hence Model CS,VI, as defined earlier 
in the section on quarterly red-meats and broiler 
demand, was used here. OLS estimation yielded: 

(5)' DRPac, =-3.824 PCCa, - 0.093 PCCp, 
0.381 *** 0.273 

+ 9.449 pccL, + 1.432 pccc, 
3. 543 * * * 0. 697 * * 

+ 0.016 dy , - 0.00028 dy 2
, + 0.434 t 1, 

0.006 * * 0.00007 * * * 0.092 * * * 

(6)' DRPP, - 0.936 PCCa, - 4.947 PCCp, 
0.484 * 0. 350 * * * 

+ 16.215 pccL, + 0.047 dy, 
4. 584 * * * 0. 008 * * * 

-0.0002 dy2
, + 0.247 t 1, 

0.0001 * * 0. 07 5 * * * 

In both equations, the hypothesis of serial inde -
pendence of the residuals was rejected. Therefore, 
equations 5' and 6' were re - estimated by using 
A2SLS and obtaining: 

(5) DRPac, = -3.477PCCa, -0.178PCCp, 
0.460 * * * o: 363 

+ 10. 945 pccL, + 1. 276 pccc, 
3.687 *** 0.755 * 

+ 0.015 dy , - 0.00026 dy2
, + 0.407 t 1, 

0.008 * 0.00009 * * * 0.102 * * * 

(6) DRPp, = -0.892 PCCB, - 3.842 PCCP, 
0.4 75 * 0. 359 * * * 

+ 9.262 pccL, + 0.040 dy, - 0.00010 dy2
, 

3.607 *** 0.009 ** * 0.00010 

These results agree with the previous results of 
Logan and Boles (14) and Buttimer (1) in several 
important respects. a) Beef-consumption coeffic­
ients in beef price equations are negative and 
highly significant in all three studies. b) Pork­
consumption coefficients in pork price equations 
are negative and highly significant in all three 
studies. c) Pork - consumption coefficients in beef 
price equations are negative, but nonsignificant. 
d) All coefficients of beef consumption are negativ e 
in the pork price equations; although this coefficient 
was highly significant in the Logan and Boles study, 
it was not significant in the Buttimer study and is 
lowly significant in equation 6. e) All coefficients 
of lamb consumption in beef price equations are 
positive; only in the Buttimer study is this coef­
ficient not significant. f) The coefficients of lamb 
consumption in the pork price equations are all 
positive and significant, although only lowly sig ­
nificant in the Logan and Boles study. g) Coef ­
ficients of broiler consumption in the beef price 
equations are all positive; this coefficient is lowly 
significant in equation 5 and in Buttimer' s study 
and is highly significant in the Logan and Boles 
study. h) None of the studies found a significant 
relation between broiler consumption and pork 
price. 
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The results on income are difficult to compare 
because Logan and Boles used income (y ), Butti­
mer used dy, and equations 5 and 6 contain dy 
and dy2. In the equation for beef price, Logan and 
Boles obtained a positive and not significant coef­
ficient for income, and Buttimer obtained a positive 
lowly significant coefficient for dy. In the equation 
for pork price , Logan and Boles obtained a nega ­
tiv e significant coefficient for income; Buttimer 
obtained a positive highly significant coefficient 
for dy. 

Wholesale-Retail Margins 

Variables in wholesale -retail margin equations 
not previously defined are: 

MR,, == whole sale -retail margin of meat i 
( cents/lb. retail cut), i == BC, P; 

en, == 0.3c, + 0. 7n,; · 
c, == index of prices of containers and pack-

aging material, 1957-59 == 100; 
n, == index of prices of new plant and equip -

ment, 1957-59 == 100; 
hr, == average hourly earnings of nonsuper­

visory workers in grocery, meat, and 
vegetable stores divided by wp.f 100; 
and 

Wp, == index of output per man - hour in manu -
facturing meat products, 1957-59 == 100. 
(This variable was labeled LP2, in table 
4 . ) 

Because of the availability of several indexes of 
costs and labor productivity in retailing, these 
margin equations were estimated with stepwise re­
gression, and the following equations were selected: 

(7)' MR8 c, == -0.391 t:J.VW8 c, + 0.444 MR8 c, _1 
0.034 *** 0.068** * 

+ 0.109 en, + 0.095 t2, 
0.032* ** 0.028* ** 

(8)' MRp, == - 0.195 t:J.VWp, + 0.150 MRP,-1 
0.031 * * • 0. 100 

+ 0.191 en, - 7.417 hr, 
0.026•• · 2.719*** 

The time trend t 2, was included in equation 7' 
because of the nature of VW8 , , as explained in 
connection with equation 1. Since d is biased in 
equations 7' and 8', the coefficient of autocorrela -
tion in errors was computed for both equations. 
Neither autocorrelation coefficient was significant, 
confirming the hypothesis of serial independence 
of the residuals in equations 7' and 8'. Therefore, 
2SLS was applied to equations 7' and 8', yielding: 
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(7) MR8 c, == - 0.349 t:J. VW8 c, + 0.436 MR8 c,_ 1 
0.053 *** 0.094 *** 

+ 0. 103 en, + 0. 101 t 2, 
0.045 * * * 0.039 * * 

(8) MRp, == - 0.212 t:J.VWP, + 0.138 MRP,-1 
0.033 * * * 0.100 

+ 0.195 en, - 7.349 hr, 
0.026 *** 2.689 *** 

These results, obtained by using data for 1954-
1 through 1968-IV, agree with results obtained 
with data for 1954-1 through 1967-IV, and sum­
marized in table 4, in finding positive highly 
significant relations between en, and the two mar­
gins. (Variable CN in table 4 is the same as en,.) 
The results from the two sample periods differ 
in the estimated effects of hr,. (Variable HRl in 
table 4 is similar to hr, in equation 8.) The co­
efficient of hr, has an unexpected sign. 

Farm-Wholesale Margins 

Variables in farm- wholesale margin equations 
not previously defined are: 

MW,, = farm-wholesale margin on meat i 
(cents/ lb. retail cuts), 
i == BC, P; 

ch, == prime and choice steer sales as a per­
centage of all steer grades sold at Chi­
cago, Omaha, and Sioux City; 

t:J.FP,, == FP,, - FP,,_ 1; and 
FP,, = average price received by farmers for 

beef cattle (i = B) or for hogs (i == P), 
(:ti / cwt. liveweight). 

As· with retail margins, several indexes on costs 
and labor productivity in the meat-packing industry 
were available. Therefore , stepwise regression was 
applied, and the following equations were selected: 

(9)' MW 8 c, = 0.198 MWr, + 0.041 t:J.VWBCt 
0.067 * • • 0.022 * 

+ 0.443 MW8 c, _1 + 0.0020 t:J.Cp8 , 

0. 105 * * * 0. 0006 * * * 

- 0.049 wp, + 0.043 ch, + 0.028 t2, 
0. 0 14 * * • o. 0 16 * * 0. 0 19 

(10)' MWp, = 0.540 t:J.VWP, -1.108 t:J.FPp , 
0.084*** 0.157 *** 

+ 0. 681 MWr,_, + 0.00094 cpr, 
0.077 *** 0.00031 *** 

Again, t2, was included in equation 9' because 
of the nature of VWBCt as explained in connection 
with equation 1. The signs of the coefficients agree 



with previous results and are as expected. The 
coefficient of autocorrelation in residuals was com -
puted, but was not significant in either equation. 
Re- estimation of equations 9' and 10' with 2SLS 
yielded: 

(9) MWec, = 0.212 MWP, + 0.033 !::NWec, 
0.075* ** 0.026 

+ 0.434 MWe c,-i + 0.0019 ACPe, 
0.108 *** 0.0006 *** 

- 0. 050 wp, + 0. 044 ch, + 0. 029 t2, 
0.014*** 0.016** 0.020 

(10) MWp, = 0.467 AVWp, - 0.979 AFPp, 
0.113*** 0.212 *** 

+ 0.668 MWp ,_1 + 0.00094 cpp, 
0.092 * * * 0.00036 * * 

The only factor-price or labor-productivity vari­
able in these equations is the labor -productivity 
variable wp,, having an expected negative coef­
ficient in equations 9' and 9. 

Farm Prices 

Variables in farm price equations that have not 
been previously defined are: 

VF,, = net farm value of quantity of choice -
grade beef cattle (i = B) or hogs (i = P) 
equivalent to 1 lb. of retail cut, minus 
byproduct allowance, in cents per lb. of 
retail cut. 

OLS estimation yielded 

(11)' FPe , = 0.229 VFe c, - 0.135 VWec, _1 

0. 022 * * * 0. 032 * * * 

+ 0.821 FPe ,-i - 0.0013 t2, 
0.064 * * * 0.0089 

(12) ' FPp, = 0.520 VFp, + 0.0073 t lt 
0.005 *** 0.0018*** 

The variable ch, was included in preliminary 
versions of' equation 11 ', but its coefficient was not 
significant. Residuals obtained by A2SLS from a 
version of equation 11 ', not including VW ec, _1 and 
FPe,-1> suggested a second-order, autoregressive -
error scheme. Inclusion of these two variables re -
duced the second-order to a first-order auto­
regressive scheme. No such problems were 
encountered in the farm price equation for hogs, 
which was re-estimated with 2SLS. 

(11) FPe, = 0.244 VFec, - 0.114 VWec, _1 

0.023* * * 0.039 * * * 

+ 0. 708 FPe,-l + 0.011 t 2, 
0. 105 * * * 0.015 

(12) FPp, = 0.520 VFp, + 0.0072 t 1, 

0.014 * * * 0.0049 

Quantity Identities 

The endog~nous variables PCC,, and CC,, are 
exactly related by the identity PCC,, = CC,J p, 
where 

p, = civilian resident population (tens of thou -
sands of persons). 

To keep the complete model linear, these two 
nonlinear identities were replaced by the linear 
approximations obtained by OLS. 

(13) PCCe, = 16.942 + 0.0049 CCe, - 0.0008 p , 
0.4 72 * * * 0. 00006 * * * 0. 00003 * * * 

R2 = 0.998 d = 0.943 
A 

(14) PCCP, = 13.904 + 0.0055 CCp, - 0.0007 P, 
0.229* ** 0.00006 *** 0.00001 *** 

R / = 0.992 d = 0.825 

To complete the model, several otherlinearidenti ­
ties pertaining to quantities also are needed 

(15) IMe, 

(16) IMP, 

Here 

IM,, - EX,, = net foreign trade of commercially 
produced i-th meat (mil. lb. car­
cass-weight equivalents). 

(17) Ale, =, le, - le , -l 

(18) Alp, = IP, - IP,-l 

(19) Se, = CPe, - Ale , 

Price Identities 

The endogenous variables RP,, and DRP,, are 
exactly related by RP,, = DRP,, (icp,). These were 
replaced by the OLS linear approximations. 

(22) RPe c, = - 72.370 + 1.014DRPec, + 0. 714 icp, 
0.469*** 0.005 *** 0.002* ** 

R2 = 0. 999 d = 0.844 

(23) RPp, = - 60.224 + 1.028DRPP, + 0.584 icp, 
0. 992 * * * 0. 010 * * * 0. 006 ** * 

R2 = 0. 996 d = 0.402 

Several other price identities complete the model. 

(24) VWec, =, RPe c, - MRec, 
(25) VWp, = RPp, - MRp, 
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(26) VFec, = VWec, - MWe c, 
(27) VFp, = VWp, - MWP, 
(28) !:J.VWec, = VWec, - VWec, -t 
(29) 1:J.VWp, = vwp, - vwP,-1 
(30) !:J.FPp, = FPP, - FPP, -1 

Equations 1 through 30 constitute a complete 
econometric model of the beef- and pork-mar­
keting sector of the economy. 

Final Forms of Farm Price Equations 
From equations 1 through 30, we can obtain 

the reduced form of the system. Each reduced -
form equation states one endogenous variable as 
a linear function of exogenous variables, lagged 
endogenous variables, and residuals. From the 
reduced form of the system, we can obtain the 
final form of the system. Each final-form equation 
states the value of one endogenous variable in 
quarter q (q = 1, 2, 3, 4) of year y as a linear 
function of values of endogenous variables in the 
last quarters of year y-1, of current and lagged 
exogenous variables, and residuals. The difference 
between a reduced-form equation andafinal-form 
equation for, say, quarter 3 of year y is this: The 
right-hand side of the reduced-form equation will 
contain values of endogenous variables for quarters 
1 and 2 of year y. The final-form equation will 
not contain these lagged endogenous variables but 
will contain values of endogenous variables in 
quarters 2, 3, and 4 of year y-1. The remainder 
of this analysis makes use of final-form equations 
for farm prices of cattle and hogs. 

Let FP;q be the farm price of animal i in quarter 
q of year y and cp;q be commercial production of 
i-th meat in q-th quarter of year y. Define the 
vectors Ye, Yp, Qe , and QP as 

(p"') ( FP,,) FPe2 FPP2 
= Ye, = Yp 

FPe3 FPP3 
FPe4 FPP4 

( ~ .. ) C"") CPa2 CPp2 
= Qe, = Qp 

Cp93 Cpp3 
cpB4 Cp p4 

Letting Ua and UP denote vectors of residuals, 
we can then write for farm cattle prices 

(31) Ya = Ca + D1Qa + D3Qp + Ue 

and for farm hog prices 

(32) yp = cp + D2Qa + D4QP + Up 
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Each element of Ce and CP is a function of current 
and lagged exogenous variables and of endogenous 
variables of the p:c.eceding year. Hence, these 
vectors change in value from year to year, but 
the Di matrices do not Table 8 presents the ele­
ments of C 8 and CP for selected years. Table 9 
presents the Di matrices. 

Table 8 . El ement s of vect or s c8 a nd Cp i n 1957 , 1960, 1967, and 1970 

Year Quar te r 
CB 

cP 
y q 

195 7 37 . 44 64 . 20 
II 38 . 52 49 . 23 

II I 40 . 91 so . 74 
IV 4 1. 36 56 . 95 

1960 I 42 . 51 67 .16 
II 43.52 51. 57 

Ill 45 . 37 51. 89 
IV 44 . 68 58.05 

1967 I 52 . 78 79 . 32 
II 54 . OS 63.24 

I II 56. 91 64. 67 
IV 57. 63 71.35 

1970 I 59 . 94 85. 17 
TT 61. 56 70.25 

III 63 . 65 69 . 17 
IV 65. 96 77. 91 

Table 9. Coefficient matri ces D
1

, D
2

, D
3

, and D4 

Dl 

-0.00593804 
0.00010047 -0.00593804 

-0.00030928 0.00010047 -0.00593804 
-0.0002465 2 -0.00030928 0.00010047 -0.00593804 

D2 

-0.0025035 8 
0.00058586 -0.00250 358 

-0.00001370 0.00058586 -0.00250358 
0 . 00001002 -0.00001370 0.00058586 -0.00250358 

D3 

-0. 0005072 
-0.00017331 -0.0005072 
-0.00015870 -0.00017331 -0. 0005072 
-0.00012360 -0.00015870 -0.00017 331 -0.00050 72 

D4 
-0.01504462 
0.00334511 -0.01504462 

-0.00021996 0.00334511 -0.01504462 
0.00001937 -0.00021996 0.00334511 -0.01504462 



The final-form equations 31 and 32, with U 8 = 
UP = 0, were used to estimate farm prices and 
first differences in farm prices for each quarter 
in the period 1955-III through 1970-IV. Two 
different measures of accuracy of estimates were 
computed. One version of Theil's inequality co­
efficient U (18) is defined as 

U = [(1 / n) I (P,-A.)2]u2 

+ ([(1 / n) I P,2r + [(1 / n) I A/t2
) 

where 
P, = predicted change in value of variable be­

tween periods t-1 and t , 
A, = actual change in value of variable between 

periods t-1 and t. 

U is not less than zero and not greater than 
one. If U = 0, the forecasts agree completely with 
the actual observations. If U = 1, the forecasts 
disagree completely with the actual observations. 
A small value of U indicates a more accurate 
forecasting equation than a large value of U. For 
equations 31 and 32 we obtained: 

U = 0. 322 for the cattle price equation, 
U = 0. 396 for the hog price equation. 

Theil ( 18, pp. 88-89, 119, 121, 150-153, 186, 
304, 314) used U to measure the forecasting ac­
curacy of about 420 equations. Some 62 percent 
of the values of U were less than 0.30; 25 percent 
were between 0.31 and 0.40; and 13 percent ex­
ceeded 0.41. 

Another measure of accuracy refers to the ability 
of an equation to predict turning points. An actual 
turning point occurs if two successive changes have 
opposite signs; i.e., if sign A, * sign A,_ 1• A pre­
dicted turning point occurs if two successive pre­
dicted changes have opposite signs; i.e., if sign 
P, #, sign P, -1' An actual turning point occurs and 
is correctly predicted if these three conditions 
are satisfied: 

sign A,* sign A,_ ,; 
sign P, = sign A,; and 
sign P, _, = sign A,_ 1 

Table 10 presents a 2 x 2 contingency table sum­
marizing performance of final-form equations in 
predicting turning points. The top row of the table 
shows that 30 turning points did occur in actual 
farm prices for cattle; of these, 20 were correctly 
predicted by the final-form equation for farm-cattle 
prices, and 10 were not correctly predicted. Both 
values of chi-square are significant, indicating that 
the number of correct predictions of turning points 
is greater than the number that would be expected 
by chance alone. 

A test of the predictive ability of final-form 
equations is a stricter test than a test of the pre­
dictive ability of reduced-form equations because 
the final-form equations use less prior information. 
For example, in predicting farm price of beef in 

quarter 3 from the reduced-form equation, we use 
information on commercial production of beef and 
pork in the second and third quarters of that same 
year. In predic\ ing farm price of beef in quarter 3 
from the final-form equations, however, we only use 
information on commercial production in the last 
quarters of the preceding year. 

Table 10. Number o f actual a nd pre dic t ed turning po int s fo r 62 observa tio ns 
on prices of ca ttle and hogs ( 1955 -Ill t o 1970-IV) 

Actua 1 turning 
Actual turning po int point no t 
correc tly predict e d co rrec tly predicted chi - square 

Prices of ca ttle 

Actual : Turning po int 20 10 

Actual: No turning point 10 22 7.763*tt 

Prices of hogs 

Actua l : Turning point 2 1 10 

Actual: No turning poin t 12 l 9 5 . 246H 

OTHER RECENT STUDIES 
Several studies of beef or pork sectors of the 

United States economy have been published in 
recent years. 

Myers, Havlicek, and Henderson ( 16) published 
a monthly model of the hog-pork sector. The major 
conceptual differences between their model and the 
hog-pork part of our model are these: a) In their 
model, slaughter hog supply and slaughter cattle 
supply were endogenous, and inventory changes 
were exogenous. In our model, the classification 
is reversed: Supplies of slaughter livestock are 
exogenous and inventory changes are endogenous. 
b) They had one marketing margin (farm-retail); 
our study contains two marketing margins for each 
product. 

The quarterly model developed by Crom (2) also 
differs from our model in its treatment of farm 
supplies. His model contains detailed analysis of 
factors affecting marketings and commercial pro­
duction. Among his endogenous variables are: 
number of fed cattle marketed; number of nonfed 
cattle marketed; average weights of fed and nonfed 
cattle; commercial hog slaughter; dressing percent­
ages for nonfed cattle and for hogs; feeder steer 
prices; gross price margin between choice steers 
and feeders; sows farrowing; placements of cattle 
on feed; commercial beef-cow slaughter; and Jan. 1 
inventories of beef cows, of beef cattle, and of 1-2 
year old beef heifers. Crom's model also contains 
two equations that explain beef exports and im­
ports as functions of lagged price of commercial 
cow-beef and lagged per-capita supply of nonfed 
beef. His model contains two equations that explain 
pork exports and imports as functions of lagged 
wholesale pork price, lagged per-capita pork supply, 
and a time trend. Since the main focus of his study 
is the livestock economy, Crom's treatment of con­
sumer demand and marketing margins is cursory. 
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A third study published in 1970 (7) contained 
5 structural equations and 5 endogenous variables: 
Monthly cattle and hog prices, monthly commercial 
slaughter supplies of beef and pork, and pork inven­
tory change. In a fourth study published in 1970, 
Trierweiler and Hassler ( 19) used monthly data 
to analyze retail beef and pork prices, wholesale 
beef prices , slaughter-steer prices, feeder-steer 
prices, and slaughter-hog prices. They also ana­
lyzed differences between wholesale prices of beef 
carcasses of various weights and grades; differences 
between prices of slaughter cattle of various weights, 
grades, and classes; and differences between prices 
of slaughter hogs of various weights at different 
locations. Farm supplies were determined nor­
matively: by a linear-programming, time- and-form, 
equilibrium-allocation model. 

Gruber and Heady (5) used annual data to study 
the cattle cycle. They divided the cattle cycle into 
three cycles: inventory cycle, price and income 
cycle, and the slaughter and import cycle. They 
analyzed forces generating each cycle and relations 
among the three cycles. 

Other studies published within the last decade 
include: the study by Leuthold ( 13) of daily supply 
and demand for barrows and gilts; a simultaneous­
equations study of beef demand, supply and price 
( 12 ); and a quarterly recursive model of price 
and supply of hogs and pork (6). 

OPTIMAL MARKETINGS 
Equations 31 and 32 relate farm prices (mea­

sured in dollars per 100 pounds liveweight) to 
commercial production (measured in millions of 
pounds carcass-weight equivalent). To obtain re­
lations between farm prices and farm marketings 
(measured in hundreds of pounds liveweight), define 
D,

0 
as the dressing yield of livestock i in quarter 

q of year y multiplied by 104, and define fm,
0 

as 
farm marketings of i-th livestock in quarter q 
of year y in hundreds of pounds liveweight. Then 
cp,0 = D,.fm,0 • Define X8 , Xp and D, as 

(

~ ii 

D . = 
' 0 0 D,3 

0 0 0 

0 

Then Q 8 = D8 X8 , QP = DPXP. Using these last 
two relations, and defining 

670 

D18 = D ,D8 
D3p = D3Pp 

D28 = D2D8 
D4P =: D.Dp 

equations 31 and 32 can be rewritten as 

(33) Y8 =: C8 + D,8X8 + D 3pXp + U 8 
(34) Yp = Cp + D28X8 + D4pXp + U p 

Let CR(B) and CR(P) denote cash receipts 
from sale of cattle and hogs, respectively, in year 
y, and let CR(B + P) denote the sum of cash 
receipts from the two. With the notation defined 
previously (in the section Final Forms of Farm 
Price Equations), 

CR(B) = Y\X8 

CR(P) =: Y' PXP 
CR(B + P) = (Y's, Y'p) (is) 

p 

Substituting equations 33 and 34 into these ex -
pressions yields 

CR(B) = (C 8 + D3pXp)' X8 + X 'sD,8X8 + U 'sX8 
CR(P) =: (C p + D2sXs)' x p + X' PD, pXp + U' px p 

CR(B + P) = (C's,C'p) (:s) 
p 

+ (X\ ,X'p) (D,a ,D3p) (Xs)+ (U's ,U' p) (Xs) 
D28 ,D4r Xp Xp 

= C'X + X'DX + U'X 

If we drop the stochastic terms U\X8, U\Xp, and 
U'X from these three expressions, the remaining 
right-hand sides are expected cash receipts 
ECR(B), ECR(P), and ECR(B + P). 

Let fm,
0
A be the actual historical level of farm 

marketings of i-th meat in q-th quarter of year 
y, and let X,A be the four-element column vector 
of fm,

0
A; i.e., the vector of actual quarterly farm 

marketings. Also, define the row- sum vector er' 
= (1, 1, 1, 1). Then define the six quadratic max­
imization problems for year y: 

(1) Maximize ECR(B) = (C 8 + D3PX PA )' X 8 

+ X'sD ,8X8 
subject to cr'X8 =: cr'X sA 

X B ;;,.-. 0 
(2) Maximize ECR(P) =: (C P + D28X8A)' Xp 

+ X'pD,PXP 
subject to cr'XP = : cr'XPA 

Xp ;;,.-. 0 
(3) Maximize ECR(B + P) = C'X + X'DX 

subject to cr'X8 =: cr'XsA 
cr'Xp = cr'X PA 

X 8 ,X• ;;,.-. 0 
(4) Maximize ECR(B) = (C 8 + D3.X.A )' X 8 

+ X\D,8X8 

subject to X8 ;;,.-. 0 
(5) Maximize ECR(P) = (C . + D28X8A)' x . 

+ x·.o,.x. 
subject to Xp ;;,.-. 0 

(6) Maximize ECR(B + P) = C'X + X'DX 
subject to X ;;,.-. 0 



Economic interpretations of these problems are 
given in table 11. Problem 1 fixes quarterly and 
annual levels of hog marketings and annual level 
of cattle marketings and calls for allocating the 
fixed annual cattle marketings among the four quar -
ters in such a way that cash receipts from cattle 
are maximized. Problem 2 is similar to problem 
1, but maximizes cash receipts from hogs. Problem 
3 fixes annual levels of cattle and hog marketings 
and determines how to allocate these annual levels 
among quarters to maximize cash receipts from 
cattle and hogs. Problem 4 is like problem 1, ex -
cept that optimal quarterly and annual levels of 
cattle marketings are to be determined. Problem 
5 is like 2, except that quarterly and annual levels 
of hog marketings are to be determined in problem 
5. Problem 6 calls for determining annual and 
quarterly levels of cattle and hog marketings to 
maximize cash receipts from cattle and hogs. The 
solutions to problems 1 and 4 provide values of 
vector X 8 ; let this solution vector be X 80• Solutions 
to problems 2 and 5 provide solution vectors XPo 
(optimal values of Xp); solutions to problems 3 
and 6 provide solution vectors X0 (optimal values 
of X). The original objective of this research pro­
ject was to determine levels and quarterly distri­
butions of marketings to maximize net farm income 
from cattle or hogs or both. As indicated earlier, 
however, we were not able to develop reliable 
estimates of quarterly farm -production costs. 

Problems 1 through 6 were solved by quadratic 
programming for the years 1957, 1960, 1967, and 
1970. Results are summarized in tables 12 through 
14. For comparative purposes, these tables also 
summarize results from a similar study that covered 
the years 1950 through 1961 (11). The first two 
columns in the body of table 12 contain ratios 
of l00fmsqo/ fmsqA> ratios ofsolutionvaluesofoptimal 
cattle marketings to actual values of cattle market­
ings. 

If U 8 is dropped from equation 33 and actual 
cattle and hog marketings are inserted, we have 
estimates of Jlctual farm cattle prices, est YsA 

est Y BA = C8 + D,8XsA + D3P XPA 
If X8 A is replaced by optimal marketings (X80 ), 

obtained by solving the quadratic program, we have 
estimates of optimal farm cattle prices, est Y80 

est Y80 = C8 + D18X8 0 + D3PXPA 
The second pair of columns in the body of table 
12 contains ratios of elements of est Y80 to cor­
responding elements of estY8 A. These entries mea­
sure the effect on farm cattle prices of changing 
cattle marketings from actual levels (X8A) to optimal 
levels (X80 ). Estimated actual cash receipts from 
cattle are 

est CR(B)A = (est Y8 A) 'XsA 
Estimated optimal cash receipts from cattle are 

est CR(B)0 = (est Y80 ) 'Xso 
The third pair of columns in table 12 contains 
ratios of elements of est CR(B) 0 to est CR(B)A. 
These entries measure the effect on cash receipts 
from cattle of changing cattle marketings from actual 
levels to optimal levels. If UP is dropped from 
equation 34 and actual cattle and hog marketings 
are inserted, we obtain estimated farm hog prices 

est Y PA = C, + D28X8 A + D,PXP A 
Estimated cash receipts from hogs are now 

est CR(P)A = (est YPA) 'XPA 
If X8 A is now replaced by X80 , we estimate adjusted 
farm hog prices (est Yp. ), 

est y Pa = cp + D2BXBO + D,pXPA 
Adjusted cash receipts from hogs are computed as 

est CR(P). = (est Yp. ) 'XPA 
The last pair of columns in table 12 contains ratios 
of elements of est CR (P). to corresponding ele­
ments of est CR(P)A. These entries show the ef­
fects, on cash receipts from hogs, of changing cattle 
marketings from actual levels to optimal levels. 

Referring to the first row in the body of table 
12, for example , we see that the average of the 

Tab l e 11. Fixed and var i able farm ma r ketings in six optimization pr ob l ems . 

Prob - Object i ve Annua l ca ttl e 
l em funct i on marketi ngs 

1 ECR(B) F~/ 

2 ECR(P) F 

3 ECR(B+P) F 

4 ECR (B) V 

5 ECR (P) F 

6 ECR(B+P) V 

~IF = Fixed at ac t ua l l eve 1. 

l?__/V = Variab l e; l eve l to be de t e r mined 

Quarter l y cattle 
marke t ings 

v'9j 

F 

V 

V 

F 

V 

by maximiza t io n. 

Annua l hog 
ma r ketings 

F 

F 

F 

F 

V 

V 

Qua r te rly hog 
ma r ke ti ngs 

F 

V 

V 

F 

V 

V 

671 



Tab l e 12 . Means and r anges of ratios of solution values to actual values fo r problems 1 and 4 in percentages. 

Prob l em Years Period Ratio of op tima l 
to actual 

ca t tl e ma r ketings 

Ratio of optimal 
to actual farm 
cattle pr ices~/ 

Ratio oJ- op tima l 
to actua l cash b/ 
receipts from cattle-

Ratio of adjusted 
to actual cash / 
receipts from hogs£ 

1. 

4 . 

1957, ' 60, 
'67, ' 70 

Q I 
Q II 
Q III 
Q IV 
Year 

1950- 61.Y Q I 

1957, ' 60, 
'67, '70 

1950 - 61~/ 

Q II 
Q III 
Q IV 
Year 

Q I 
Q II 
Q II I 
Q I V 
Year 

Q I 
Q II 
Q III 
Q I V 
Yea r 

Mean 

96 
101 
102 
101 
100 

102 
116 

84 
100 
100 

88 
92 
93 
93 
91 

68 
79 
69 
67 
71 

Range 

93- 99 
97-103 
99- 104 
98-i03 

F.£1 

98- 106 
112-120 

82 - 87 
96 - 104 

F 

83 - 95 
85- 94 
91 - 96 
89 - 95 
87 - 96 
63- 72 
74 - 84 
65- 73 
65 - 70 
N.C. 

Mean 

105 
99 
98 
99 

N.c ,e./ 

96 
73 

140 
104 

11 6 
110 
109 
110 
N.C. 
184 
166 
165 
186 
N. C. 

Range 

101 - 109 
97 - 103 
95-101 
96 - 101 

N.C . 

86 -1 03 
66- 84 

118- 159 
95 - 110 

105 -123 
101-120 
105 - 112 
106 - 115 

N. C. 
158- 227 
14 3- 196 
149-190 
166 - 203 

N.C. 

Mean 

101 
100 
100 
100 
100 

98 
84 

117 
104 
101 

101 
101 
101 
102 
101 

125 
131 
114 
124 
123 

Range 

99-1 01 
99 - 100 
99 - 100 
99 - ln 
N. V .-

97-106 
76 -1 00 

100 -1 30 
98 - 110 

100- 101 

100-1 02 
100 -1 02 
101- 102 
101- 103 
100- 102 

115 -144 
119-146 
108-1 22 
116 - 132 
11 7- 132 

Mean 

102 
99 
99 

100 
100 

98 
87 

103 
88 
94 

107 
103 
103 
103 
104 

131 
13 1 
148 
142 
138 

Range 

101 - 103 
98- 101 
97 - 101 
98- 101 

N. V . 

95 - 103 
81- 92 

101- 106 
82 - 95 
91 - 96 

103 -111 
100 -107 
102 - 103 
102 - 105 
102 - 107 

118 -148 
11 8-147 
126 -1 65 
12 8-1 54 
122 -1 50 

~/Opt i mal beef price is price t hat would have existed if ac t ual cattle marketings had equa lled opt i ma l cattle 
marke tings obta i ned f r om so l ution of quadra t ic program . 

~ /Optima l cash r eceipts f r om catt l e is cash receipts t hat wou l d have been received if actua l cat tl e marketi ngs 
had equa lled o ptima l marketi ngs . These ar e r a tios of es tima t ed optimal t o est i ma t ed ac t ua l cash r ece i p t s . 

~/Ad justed cash r eceip t s f r om hogs i s amount o f cash rece i p t s tha t would have been r e ce i ved f r om sa l e of hogs 
i f ac tua l cattle market i ngs h ad equa lled op t i mal ca ttle marke t i ngs . These ar e ra tios of es tima t ed adj us t ed t o 
e s tima t ed ac tu a l cash rece ipt s . 

i/F = fixed. Fixed a t 100 percent in s t a t ement of quadra t ic pr ogram. 

not compu t ed. 

no varia tion. 

fl source: Geo r ge W. Ladd a nd Ha r vey Kuan g . Optimal beef and pork marke t i ngs . J .Far m Econ . 48:2 09-224. 1966 . 

four solutions to problem 1 called for reducing 
farm marketings of cattle by 4 percent in the first 
calendar quarter. This would have increased first -
quarter farm cattle prices by an average of 5 
percent and first-quarter cash receipts from cattle 
by an average of 1 percent. It also would have 
increased first-quarter cash receipts from hogs 
by 2 percent, on the average. 

Problems 2 and 5 are obtained from problems 
1 and 4 by interchanging the roles of cattle and 
hogs. Table 13, which follows the same format as 
table 12, summarizes results of analyzing problems 
2 and 5. 

Table 14 summarizes results from analyses of 
problems 3 and 6. Ladd and Kuang ( 11) used 
classical optimization rather than quadratic pro­
gramming. Some of their solutions to problems 
3 and 6 were not feasible, requiring negative mar ­
ketings in some quarters. They did estimate a 
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solution to problem 6 by using X80 from problem 
4 and X Po from problem 5. 

Tables 15 and 16 provide additional information 
on seasonality of marketings. Perhaps the most 
striking contrasts in these tables are the differences 
between actual 1950-61 and optimal 1950-61 pat­
terns of hog marketings and the differences between 
1950-61 optimal patterns and 1957, 1960, 1967, 
1970 optimal patterns of hog marketings. 

In tables 12 through 16, the differences between 
the earlier results of Ladd and Kuang ( 11 ) and 
the present results are much more pronounced 
than the similarities. In general, the optimal solu­
tions in their study called for greater changes in 
seasonal patterns of marketings than do our solu­
tions and called for greater reductions in annual 
marketings than do our solutions. The solutions 
in their study also resulted in greater increases 
in cash receipts than do our solutions. 



Table 13 . Means and ra nges of ra t ios of so l ution va l ues t o actua l va l ues fo r pr ob l ems 2 and 5 in pe rcentages . 

Prob ­
lem Years Pe riod 

Ra t io of opt imal 
to ac t ua l 

Ra tio of o ptima l 
t o actual 

farm hog price'.U 

Rat i o 
0
o f optima 1 

t o actua l cas h b 
recei pt s f r om hogs-1 

Ratio of adjusted 
to act ua l cas h 

r ece ipt s from ca ttl e=/ hog marke t i ngs 

Mean Range Mean Range Mean Range Mea n Ra nge 

2 1957, ' 60, 
' 67, ' 70 

Q I 101 
105 
108 

95 -111 
102 - 107 
104 - 111 

82 - 93 
Fd 

100 81 -11 3 100 
94 
92 

120 
102 

90 -109 
90 - 96 
86 - 98 

100 
100 

99 -100 
99 - 100 

99 
100-1 01 

100 

Q II 
Q II I 
Q IV 
Yea r 

89 84 - 92 
85 77 - 94 99 

100 
100 

88 
100 

136 122 - 15 7 114 -130 
10 1- 103 N. c.e N. C . 

1950- 6 1 f_ / Q I 112 
64 
87 

128 

104 -1 22 
58- 71 
71- 101 

121- 139 

79 60- 95 88 
100 
157 
110 
11 3 

71- 98 
83 -1 22 

115 -1 96 

100 100- 10 1 
Q II 
Q III 
Q IV 
Year 

157 11 7- 200 98 
109 
107 
104 

95 -100 
106 -11 5 
103 - 111 
102 - 105 

182 142 - 242 
87 75 - 115 87- 142 

107 -1 22 100 F N. C. N . C . 

5 1957 , ' 60, 
' 6 7, ' 70 

Q I 
Q II 
Q III 
Q I V 
Year 

79 
79 
81 
67 
76 

72 - 87 
72 - 82 
78 - 86 
64 - 70 
72 - 79 

1 55 
136 
131 
178 
N . C. 

123 -1 92 
125 -1 57 
117 - 139 
167 - 202 

N . C . 

12 1 
107 
106 
120 
113 

107 -1 38 
102 -1 13 
101-110 
116 - 129 
109-11 8 

102 
102 
102 
104 
102 

101-102 
101-102 
102 -103 
103 -104 
102 -1 03 

Q I 61 
47 
66 
88 
68 

51- 79 
40 - 56 
43 - 81 
83 - 94 

177 122 - 238 106 
121 
173 
183 
146 

96 -1 22 
95 -1 5 1 

115- 228 
138- 260 
121-1 78 

100 
111 
11 7 
110 
11 0 

99 -100 
106 -11 9 
112 -1 26 
105 - 11 5 
106 - 113 

Q II 
Q I II 
Q IV 
Yea r 

261 169 - 349 
266 187 - 387 
208 148- 305 

N.C. N.C. N. C . 

~/Opt imal farm hog pr ice i s p r ice t hat woul d have been received if actual hog marke t i n gs had equal led 
opt imal hog mar ke t ings obtained from solution of quad r a ti c proeram . 

~/Optima l ca$h r eceipts f r om hogs i s cas h r e ceipts t hat would have been r ece i ved i f actua l hog marke t i ngs 
had e qua lled opt i mal hog marke t ings . These are rat i os of es t imated op t imal t o estimated ac tual cash r eceipts . 

~/ Adjusted cash r eceipts f r om cattle i s cas h r eceipts that would have been r ece i ved f r om s ale of cattle 
i f ac tua l hog mar ke t i ngs ha d e qual l ed optimal hog mar ke t ings . These a r e r a tios of es timated ad j us t ed t o 
est i ma t ed actua l cash r eceipts . 

~IF = fixed, Fixed a t 100 percen t in stat emen t of quadr a t ic progr am . 

~ / N . C. = no t compute d . 

!f Source : Geor ge W. La dd and Ha r vey Kuang . Op timal beef and por k mar ke tings . . T. Farm Econ. 48: 20 9- 224 . 1966 . 

The two sets of solutions to problem 1 are in 
substantial agreement. Both indicate that, with 
annual levels t;>f cattle and hog marketings and 
quarterly levels of hog marketings fixed at his­
torical levels, annual cash receipts from cattle 
marketings could not be improved by changing 
the quarterly pattern of cattle marketings. Whereas 
the Ladd and Kuang (11) solution to problem 4 
found that reducing annual cattle marketings by 
29 percent would have increased annual cash re­
ceipts from cattle by 23 percent (with quarterly 
and annual levels of hog marketings fixed), our 
study finds that reducing annual levels of cattle 
marketings by 9 percent would have little effect 
on cash receipts, and reducing annual levels of 
marketings by more than this amount would reduce 
cash receipts. 

The solutions to problem 2 are quite different. 
Ladd and Kuang ( 11) found that changing the sea­
sonal pattern of hog marketings while annual mar­
ketings of cattle and hogs and quarterly marketings 

of cattle remained fixed would have increased annual 
cash receipts from hogs by 13 percent. Our study 
finds that changing only the quarterly pattern of 
hog marketings would have little effect on cash 
receipts from hogs. In the solution to problem 5, 
Ladd and Kuang found that reducing annual hog 
marketings by 32 percent would have increased 
cash receipts by 46 percent. Our study finds that 
reducing annual levels of hog marketings by 24 
percent would increase annual cash receipts by 
13 percent. 

Our solution to problem 3 is an extension of 
the solutions to problems 1 and 2 because it shows 
that changing quarterly patterns of marketings 
with annual levels fixed would have negligible im­
pact on cash receipts. In their solution to problem 
6, Ladd and Kuang ( 11) found that annual cash 
receipts from cattle, hogs, and from the two com­
bined could have been increased by 31, 65, and 
45 percent, respectively, by reducing annual mar­
ketings of cattle and hogs by 29 and 32 percent, 
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Table 14 . Means a nd rang es of ratios of s o lution values t o ac t ua l va l ues f or problems 3 and 6 in pe rcentages . 

Prob- Ratio of op timal Ratio of o ptimal Rati o of o pt ima l Ratio of o ptimal 

! em Years Period to ac t ua l t o actual t o actua l far'f to actu~ l fif rm 
ca ttle ericea 

3 

6 

6 

catt l e marke tings hog marketings hog er1ce--: 

Mean Range Mean Range Mean Range Mean Range 

1957, 1 60, Q I 97 93- 99 100 95 -11 0 104 101-109 104 84- 11 7 
'67, ' 70 Q II 102 98-104 104 101-106 98 96-102 89 86- 92 

Q III 102 100-105 108 104-111 97 94 - 99 84 76 - 91 

Q IV 99 96-102 89 84 - 95 101 99 -1 04 134 120-1 54 

1957, 1 60, Q I 80 75- 87 77 69- 84 12 6 11 6- 136 171 137 - 209 
I 6 7 J ' 70 Q II 85 79 - 92 76 69 - 80 11 9 110- 130 14 7 134-168 

Q III 87 85 - 90 78 75 - 84 11 9 115-122 141 125 -149 
Q I V 85 83- 86 66 63 - 69 124 120-128 187 174-212 
Yea r 84 81- 89 74 70 - 78 

1950- ' 61~
1 

Q I 68 63 - 72 61 5 1- 79 184 158- 226 201 140- 287 
Q II 79 74 - 84 47 40- 56 178 151- 211 284 188 - 389 
Q III 69 65 - 73 66 43 - 81 138 162 - 216 303 204 - 441 
Q IV 67 65 - 70 88 83 - 94 19 8 178- 2 18 240 196 - 356 
Yea r 71 68 

~/opt imal fa rm price is price that would have existed if ac tual cattle and hog ma rketings had equalled 
optimal cattle and hog marketings obtained from so lutions of quadratic programs. 

~ / Op timal cas h receipts is cash receip ts that would have been received if actual level s of catt l e and 
hog marketings had equalled optimal l evels of marke tings . These are ratios of estimated optimal to estimate d 
actual cash receipts . 

£../source: George W. Ladd and Harvey Kuang. Optimal bee f and po rk marke tings. 
1966. These results obtained by assuming optimal ma rketings in so lution to problem 
in solutions t o problems 4 and 5 . 

J. Fa r m Econ. 48 : 209 - 224 
6 equal opt i ma l marketings 

Ratio of optimal Rati o of opt i ma l Ratio of optima l 
to actual cash b/ 
rece iet s from catt l e-

to ac tua 1 cash / 
rece iets from hogsh 

to ac t ua l cash receig_~s 
from cattle and hogs 

Mean Range Mean Range Mean Range 

IOI 100- 102 103 92 - 111 102 97 -1 04 
100 99 -1 00 93 91- 96 97 97 - 98 

99 98-100 9 1 85 - 96 96 95 - 98 
101 100-10 1 119 114 -1 29 107 106 -110 
100 100- 101 102 101 -103 100 100-10 1 

101 100 -103 130 11 5-145 112 105-11 6 
10 1 100-1 03 Ill 107 -11 5 105 103 -1 06 
103 103 -1 04 110 106 - 113 105 104-106 
105 104-106 124 119-L 34 112 110-113 
103 102-104 119 11 5-122 108 107 -109 

125 114 -143 120 101 - 147 125 11 3- 145 
140 12 7-1 59 132 103-168 139 120 -1 62 
12 7 118-139 196 134 - 269 152 126-178 
132 12 5- 142 2 11 14 5-3 04 16 5 141-187 
13 1 123 -14 I 16 5 131-204 145 129 - 159 



Tab le 15. Quarterly marketings of cattle as percentages of annual marketings. 

Quarter 19 50 - 61 195 7, I 60, Solution . 1 Solution 4 
average ' 67, I 70 1957, 60, 1957, 60, 

average 1950-'61 ' 67, I 70 1950- ' 61 ' 67, ' 70 
average average average average 

I 24 . 1 24 . 8 24 . 5 23 . 8 22 . 7 23 .7 

II 24 .4 24 . 6 28. 2 24 .9 26 . 6 24.8 

III 25 . 8 25 . 5 21.6 25 . 9 24 . 6 26.0 

I V 25 . 7 25 .1 2 5. 7 25 . 4 26 . 1 25.5 

Table 16. Quarterly marketings of hogs as percentages of annual marketings . 

Quarter 1950-61 1957, ' 60, Solution 2 Solution 5 
average ' 67, '70 195 7, '60, 1957, '60, 

average 19 50-'61 I 6 7 J I 70 1950-'61 I 6 7 J ' 70 
average average average average 

1 26 . 6 25.7 29 .7 25 . 9 24.3 26 . 6 

2 22 . 9 23.8 14 . 6 25.1 16.1 24 . 6 

3 21.7 22.9 18.8 24.8 21.5 24 . 4 

4 28.8 27 .6 36 . 9 24 . 2 38.1 24 . 4 

Tab l e 17. Effects of optima l levels of marketings on total cash receipts and total production costs 
in percentages . 

Prob­
lem 

4 

5 

6 

Years 

1957, '60, 
1 6 7 J I 70 

1950 - 61 

1957, ' 60 
I 67 J I 70 

1950-61 

1957, '60 
I 67 J I 70 

1950-61 

Reduction in cost 
of cattle production 

9 

29 

16 

29 

Increase in cash 
receipts from cattle 

1 

23 

2 

10 

3 

31 

Reduction in cost 
of hog production 

24 

32 

26 

32 

Increase in cash 
receipts from hogs 

4 

38 

13 

46 

19 

65 
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respectively. We find somewhat smaller reductions 
in marketings to be optimal and find substantially 
smaller increases in cash receipts . 

In summary: Our solutions to problems 1, 2, 
and 3 indicate that changing quarterly patterns 
of marketings while leaving total annual levels of 
marketings unchanged would have negligible impact 
on annual cash receipts. Solutions to problems 4 
and 6 indicate that annual cash receipts from cattle 
would be increased only slightly by reducing annual 
levels of cattle marketings . Solutions to problems 
5 and 6 indicate that reducing annual levels of hog 
marketings could substantially increase annual cash 
receipts from hogs. 

Table 17 summarizes the effects of adjusting 
actual marketings to optimal marketings on total 
cash receipts. Because we were unable to estimate 
quarterly variations in farm costs of production of 
cattle and hogs, we cannot estimate the effects of 
these adjustments in marketingsonnetfarmincome. 
Table 1 7 presents rough estimates of the effects 
of these adjustments on costs of production. Effects 
on costs of production are estimated by assuming 
no quarterly variation in average cost and assuming 
total cost to be proportional to quantity marketed 
so that a 10-percent decrease in quantity marketed 
reduces total production cost by 10 percent. Both 
the Ladd and Kuang ( 11) and our solutions to 
problems 5 and 6 indicate substantial room for 
improving net income from hogs by reducing annual 
marketings. Both sets of solutions to problems 4 
and 6 also indicate room for increasing net income 
from cattle by reducing cattle marketings. 

Problems 1 through 6 also were solved for the 
years 1972 through 1974 toobtainpredictedoptima. 
To solve problems 1 through 5, it was necessary 
to make some predictions of actual marketings. 
No such predictions were neededforsolvingproblem 
6. Solutions to problem 6 are summarized in table 
18. 

CHANGES IN QUARTERLY INTERCEPTS 

What, aside from sampling or random errors, 
can explain the difterences between the earlier 
solutions and the present solutions? One likely 
explanation of the differences is changes in sea­
sonal patterns of behavior of consumers and mar­
keting agents . The equations used by Ladd and 
Kuang (11) were not saved; hence, it is not 
possible to compare their set of structural equations 
with equations 1 through 30. Some inferences, how­
ever, can be drawn from studies covering nearly 
the same sample period as Ladd and Kuang used. 
Table 19 reproduces coefficients from table 7 and 
coefficients from previous studies. The other studies 
cited in table 19 did not use the same set of quar­
terly dummy variables that we did. Each behavioral 
equation in the econometric model in this report 
can be written 

V, = eto + a 1d1, + a 2d2, + a 3d3 , + other terms 

From these, the values of the intercepts for the 
four calendar quarters are obtained as: 

Q-I 
Q-II 
Q-III 
Q-IV 

intercept = eto + a 1 

intercept = a 0 + a 2 

intercept = eto + a 3 
intercept = Ct'o 

Table 19 contains the transformed coefficients from 
other studies and ranks of the quarterly intercepts. 
For example, the first row shows that, for the beef 
retail-price equation in oll'r study, the intercept 
is largest in quarter III, second largest in quarter 
IV, third largest in quarter II, and smallest in 
quarter I. 

Our study differs from all three of the previous 
studies cited in its ranking of intercepts for quar-

Table 18 , Pred i cted opt ima l marketings of cattle and hogs, optima l farm prices and optimal cash r eceipt s, 

1 972, 1973, 19 74 from solution to problem 6 . 

Period Cattle Hog Catt le Hog Cash Cash 

l!larke tings market ini_,;s prices prices receipts receipts 

(mill. lbs . (mill . lbs . ($/cwt. live) ($/cwt . live) from cattle from hogs 

live wt. ) live wt . ) (billions of$) (bi 11 ions o f $) 

1972 - I 8,000 3,944 36 . 07 36 . 17 2 . 886 1.427 

II 8,371 3,773 35 . 21 33 . 76 2 . 94 7 1. 274 

III 8,674 3 ,7 91 34 . 62 32 . 82 3 . 003 1. 244 

IV 8,346 3,836 35 . 36 40 . 66 2 . 916 1. 560 

1972 - Tot a 1 33,391 15,344 11. 752 5 . 504 

1973 -I 8,186 3,960 36 .11 36 .6 6 2 . 956 1. 452 

II 8,543 3,805 36 .o 7 34 . 35 3 . 081 1.307 

III 8,848 3,826 35 . 46 33 . 44 3 . 138 1. 279 

IV 8,518 3, 863 35 . 85 41.21 3 .054 1. 592 

1973-Total 34,095 15,454 12 . 22 9 5 . 630 

1974-I 8,366 3,979 37 . 00 37 . 23 3 . 095 1. 481 

II 8,727 3,832 36 . 96 35 . 01 3.225 1. 342 

I II 9 , 030 3 , 859 36 . 32 34 . 13 3.280 1. 317 

IV 8,701 3,883 36.71 42 . 10 3 . 194 1. 635 

1974 -Total 34,824 15,553 12. 7 9 5 5 . 775 
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Table 19 . Quarterly intercepts from va rious studies. 

Dependent • Ranks of 
variable Samp le pe riod Study 1 alt d2t d3t quarterly intercepts 

Q-I Q-II Q-III Q- IV 

RPBC t 1954-1 to 1970 - IV Presen t 124 -2.38 - 1 . 80 1. 28 4 3 1 2 

1949-I to 1958-III Fuller I!./ 91 - 2 . 84 -3. 78 -0.21 3 4 2 1 

1949-III to 1960 - I Fuller and Ladd]2_/ 123 - 2.15 - 2.2 8 o. 72 3 4 1 2 

1949-I to 1959-IV Logan and Boles£!' 106 -4.44 -4.47 - 0.09 3 4 2 1 

RP Pt 1954-1 to 1970-IV Present 143 -3.78 - 5.82 - 3 . 47 3 4 2 1 

1949-1 to 1958-III Fuller~/ 79 -3.02 - 7 . 46 -6.71 2 4 3 1 

1949-III to 1960-1 Fuller and Ladd]2_/ 129 -2 . 17 - 5.99 - 7.04 2 3 4 1 

1949 - 1 to 1959-IV Logan and Boles~_/ 151 -4 . 97 - 7.56 - 6.46 2 4 3 1 

61Bt 1954-1 to 1970-IV Present 8 - 59 -41 - 35 4 3 2 1 

1949 - I to 1958-III Fuller~/ 74 -48 -so -48 2 . 5 4 2 .5 1 

1949 - III to 1960-I Fuller and Ladd~/ 69 -40 -33 - 50 3 2 4 1 

1949 - III to 1960-IV Ladd~_/ 68 -41 -33 -34 4 2 3 1 

61Pt 1954 -1 to 1970-IV Present -76 3 12 - 60 2 1 4 3 

1949 - 1 to 1958-III Fuller.3/ 52 168 -23 -75 1 3 4 2 

1949 - III to 1960-IV Ladd<!_/ -36 177 149 86 1 2 3 4 

M¾C t 1954 - I to 1970-IV Present -1. 32 -0.94 - 0.35 -0.43 4 2 3 1 

1949-1 to 1958-III Fuller~_/ - 4.16 -0 . 83 -0. 71 -0.50 4 3 2 1 

1949-III to 1960 - 1 Fuller and Ladd]2_/ 0.16 0.34 0.10 0 . 11 1 3 2 4 

M¾ t 1954-1 to 1970-IV Present 2.77 - 0.01 - 0.51 0 . 73 3 4 1 2 

1949-1 to 1958-III Fuller'.!/ 4.04 -o. 59 -o. 77 - 0 21 3 4 2 1 

1949 - III to 1960 -I Fuller and Laddb_/ 2,98 - 0. 59 -0 . 44 1. 84 4 3 1 2 

MWBC t 1954-I to 1970 - IV Present 2.59 0.76 0.39 0 . 06 1 2 3 4 

1949- 1 to 1958-III Fuller'.!./ 0.82 -0.12 -0.17 0.15 3 4 1 2 

1949 - 1 to 1958-III Fuller~/ o. 77 -0.04 - 0.31 - 0.17 2 4 3 1 

1949-III to 1960 -1 Fuller and Laai_! -20 - 1. 45 - 1 . 30 -0.81 4 3 2 1 

MWPt 1954-I to 1970 - IV Present 2.84 -0.38 -0 . 79 - 0.09 3 4 2 1 

1949 - I to 1958-III Fulle ra_l 2.75 0 . 75 0 . 62 1.05 2 3 1 4 

1949 - 1 to 1958-III Fuller'!_/ 2 . 52 0 . 60 o. 71 0.94 3 2 1 4 

1949 - III to 1960 - I Fuller and Ladd I?_/ 14.41 -0.40 - 0 . 35 0.16 4 3 1 2 

1!._I 
Wayne A. Fuller . A non-static model of the beef and pork economy. Ph . D. thesis . Iowa State University, 

Ames. 1959. 

b/ A. Fuller and George Ladd. A dynamic mode l of the beef and pork economy. - Wayne w. J. Farm Econ. 43: 797-
812 . 1961. 

'=-1 Samuel H. Logan and James N. Boles . Quarterly fluctuations in retail prices of meat . J . Farm Econ . 44: 
1050-1060 . 1962. 

d/ w. Ladd . Distributed lag inventory analyses. - George Iowa Agr. and Home Econ. Exp. Sta. Res . Bul. 515. 
1963. 
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ters I and II in the equation for RP8 c, and differs 
from two of the three studies in its ranking of 
intercepts for quarters III and IV. Comparison 
of our study with previous studies indicates that 
the rank of the intercept for quarter I in the 
equation for RPp, has declined and that rank of 
the intercept for quarter III has risen during re -
cent years. No consistent patterns of change are 
found in the ranks of intercepts in the equation 
for Lil 8 , . Equations for MP, suggest that the rank 
of the intercept for quarter I has fallen and that 
the rank of the intercept for quarter II has risen. 
Equations for MRBCt indicate that the ranks of the 
intercepts for quarters II and III have changed 
over the years. No consistent pattern of change 
is suggested by the ranks of intercepts in the 
equation for MRp,• Results for MW8 c, suggest that 
the ranks of the first and second quarter inter­
cepts have risen, whereas the rank of the fourth 
quarter intercept has fallen. Results for MWP, in­
dicate that the ranks of the intercepts for quarters 
II and III have fallen and that the rank of the 
intercept for quarter IV has risen. 

In summary, these comparisons do strongly sug­
gest that changes have occurred in seasonal patterns 
of behavior of consumers and marketing agents. 
(One could use F-ratios to test the hypotheses 
that such changes have occurred. We have not 
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done this .) These changes would affect quarterly 
intercepts in final-form equations for farm prices 
and would affect opti,mal quarterly patterns of mar­
ketings. In addition, the earlier study of inven­
tories ( 10) found no relation between inventory 
changes and sales of meat, whereas this study does 
find such a relation. This means that changes in 
farm marketings have relatively less influence on 
inventory now than formerly and that meat sales 
have relatively more influence. This change would 
affect seasonal behavior of meat inventory demand 
and would affect demand at the farm level. 

Another possible reason for the differences be­
tween our results and the results by Ladd and 
Kuang ( 11) is a decline in price flexibilities at 
the farm level. From the 1950-61 solutions to prob­
lem 4, the farm-level price flexibilities for cattle 
for the four quarters were -2.6, -3.1, -2.1, and -2.6; 
from the more recent solutions, the farm price 
flexibilities are -1.3, -1.2, -1.3, and -1.4. From the 
1950-61 solutions to problem 5, the quarterly farm­
level price flexibilities for hogs were -2.0, -3.0, -4.9, 
and -9.0; from the more recent solutions, the flex­
ibilities are -2.6, -1.7, -1.6, and -2.4. Thus, a 1-
percent reduction in farm marketings of cattle or 
hogs raises farm price of the same commodity 
by a smaller percentage now than formerly , and 
a 1-percent increase in farm marketings depresses 
farm price by a smaller proportion now than it 
did. 
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