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PREFACE 

This research was accomplished as Jarvis' dissertation in 1969. Part of the theoretical and empirical results was 
published in the Journal of Political Economy in May/June 1974. These findings have strongly influenced 
subsequent research on the livestock sector. The Gianinni Foundation is now publishing a revised version of the 
work as a special report because the dissertation, which has been difficult to access, contains additional 
methodologies and results which are still of interest: the links between the micromodels treating cattle as capital 
goods and the specification of the econometric model, the construction and validation of the disaggregated herd 
series needed to estimate the model, and the detailed interpretation of the empirical findings. The report also 
discusses technical change in the livestock sector, crop the livestock interrelationships, agricultural labor market 
developments, and the role of cattle cycles in Argentine macroeconomic fluctuations, all of which are of special 
interest to students of the Peron era. 

·.
i' The Giannini Foundation occasionally publishes research as a Special Report. 

This is in addition to its regular publications series, the Monograph, the 
Research Report, and the Information Series. Single copies of this special report 
may be requested from Publications, Division of Agriculture and Natural 
Resources, 6701 San Pablo Ave., Oakland, CA 94608. 
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I. Introduction 


The Argentine Pampas is an extraordi
narily rich crescent-shaped agricultural area 
encompassing roughly 50 million hectares, 1 

with a radius of roughly 400 miles to the 
north, west, and south of Buenos Aires. The 
soils of the region are broadly homogeneous, 
composed of sand and clay, extremely fertile 
and deep; rock and gravel are quite rare 
except in the southeast. The surface is 
largely composed of vast swells and gentle 
slopes. Drainage is often a problem and 
remains so in some areas even though a net
work of drainage canals has been constructed. 
Annual rainfall varies from 40 inches in the 
east to 20 in the west, and the climate is tem
perate with frost occurring only on the south
ern edges. Temperature, winds, and rainfall, 
along with drainage conditions, are the major 
determinants of cropping practices. 

The two main agricultural activities are 
field crop and livestock production. The 
major crops are wheat, com, grain sorghum, 
flax (linseed), sunflower seeds, barley, rye, 
and oats; livestock production includes cattle, 
sheep, hogs, poultry, and dairy products. 
Growing grain or oilseed and raising cattle 
are dominant and usually rival activities in 
production. Cattle are raised chiefly on 
natural or seeded pasture, forage crops, and 
some byproducts of grain production. Cattle 
are rarely fattened on harvested grains. 
Because 80 percent of Argentina's cattle pro
duction and 90 percent of the traditional field 
crop production takes place in the Pampas, 
conditions there can be taken as representa
tive of those faced by cattle producers in the 
natioll as a whole. 2 

The Argentine agricultural sector in 
1965 contributed about 17 percent of the 
gross national product, employs about 20 per
cent of the labor force, and provides about 90 
percent of Argentina's exports. Cattle pro
duction alone contributes about one-third the 
value of both total agricultural output and 
total exports, although it employs a smaller 
share of the labor force, being relatively land 
extensive and, considering the cattle value, 
capital intensive. 

Nearly all major products of the Pampas 
are exported in large amounts, and domestic 

agricultural prices are largely determined by 
world prices and the exchange rate--except · 
when the government directly interferes. 
Argentina's share of world trade in most 
traditionally exported commodities decreased 
steadily from 1940 to 1970; it is stretching 
the point to assume that Argentine agricul
tural exporters faced a perfectly elastic exter
nal demand for their products during the 
period of study. 

Argentina suffered an increasingly 
severe foreign exchange constraint caused 
largely by the stagnation of total agricultural 
production and declining exports during the 
period 1945-1965. Although there have been 
large shifts among various crops and between 
crops and cattle during this period, total agri
cultural production in the Pampas has 
increased only slowly. The land frontier in 
the Pampas has been closed since 1930. 

Most of this study represents an 
attempt to explain the economic behavior of 
Argentine cattle producers from the mid
1930s through the mid-1960s--in particular, 
to show whether they reacted significantly 
and in the expected manner to changes in 
economic incentives. If they did, there is no 
reason that the cattle sector cannot grow 
more dynamically in the future--provided that 
redirected government policies change the 
incentive structure facing producers. 

Agriculture in the Argentine Pampas 

Landholdings and farm operations show 
the influence of methods originally used to 
open and develop the Pampas. Although there 
are sizable regions in which large family 
farms are engaged in mixed agricultural 
activities, larger cattle ranches dominate the 
Argentine rural area, and both cropping and 
cattle-raising are characterized by land
extensive technology. 

Producers have planted an increasing 
acreage of forage and dual purpose crops, 
which can be grazed or harvested depending 
on the pasture requirements of the herd. 
Within the Pampas, the percentage composi
tion of agricultural land use during the study 
period has varied roughly as shown in 



Table 1 

Percentage Distribution of Crop and Pasture Land 

in the Argentine Pampas, 1935/39-1960/63 


Crop Pasture Land 
Land Total Seeded Natural 

percent 
1935-39 37 63 12 51 
1940-44 36 64 14 50 
1945-49 33 67 16 51 
1950-54 25 75 21 54 
1955-59 26 74 24 50 
1960-63 25 75 23 52 

Source: CONADE, undated 

Table L It appears that much of the decline 
in crop land is offset by an increase in seeded 
pastures, including forage crops. The amount 
of land in natural pastures has been much 
more constant, indicating that the technology 
necessary to convert these to seeded pastures 
has been slow to develop or that the need to 
do so has been slow to make itself felt. 

Labor and nonagricultural capital 
inputs are minimal in cattle raising. The cli
mate is mild and few structures are neces
sary. Although Argentine agriculture has 
been well mechanized for many years, the use 
of other nonagricultural inputs such as fertil
izers, insecticides, better seeds, and improved 
cropping practices has been much lower than 
expected given the natural productivity of the 
land and the sophistication of producers. 
This is principally the result of: a tradition
ally weak Argentine agricultural research 
and extension program (although through the 
National Institute of Agricultural Technology 
(INTA), founded in 1957, improvements have 
begun) the long-standing prohibition of or 
duties on imports of needed new inputs, and 
the relatively low product prices received by 
producers. The marketing institutions and 
transportation facilities are well developed, 
although neglect has caused them to 
deteriorate during most of the study period. 
Only about 20 percent of producers have elec
tricity, including those who generate their 
own. Thus, research and extension services, 
rural electrification, transportation facilities, 
and the general standard of living in rural 
areas, all need improvement. 

Primary education is free and compul
sory for seven years; many secondary schools 
and universities also are tuition-free. 
Literacy in Argentina in 1960 was 90 percent Ifor those over 14 years old, and probably it is 
at least as high for cattle producers as a 
class. Cattle producers' wealth is usually I 
above the national average, due in part to the 
relatively large Rize of most of their opera i
tions: Cattle producers have long been both 
politically and socially well organized. Many 
live in or frequently travel to Buenos Aires I

I' 
and other large cities. i

The quality of the Argentine cattle herd 
is superb: Purebred cattle of several types 
constitute a very high percentage of total 
herds and are the equal of cattle anywhere in I
the world. Nevertheless, compared to the 
United States, the calving rate is lower, !animal disease and mortality rates are 
higher, natural pastures are used more fre lquently than seeded ones, there is almost no 
feed-lotting, storage facilities to meet feed 
emergencies are few, and general herd 

Jmanagement is inferior. This reduces the 
efficiency and, therefore, the level of produc I 
tion and slaughter which might otherwise be l 
achieved. 3 Both private and public bodies l 
have acted to improve these conditions in 
recent years, but much remains to be done. 1 

Government Policy and Argentine Agriculture 

Rural production in the Pampas has 
been strongly affected by external events and 
government policy. Severe inflation, repeated 
devaluation, changing export taxes, and 
erratically administered price supports have 

2 




wrenched prices discontinuously and 
unpredictably. Import prohibitions have 
excluded many urgently needed agricultural 
inputs. Industrially produced domestic inter
mediate and capital goods for use in agricul
ture have been insufficient and often of infe
rior quality. The government for a time exer
cised a monopsony position in purchasing 
agricultural products; in the 1960s, it simul
taneously followed inconsistent policies 
designed (lJ to hold down agricultural prices, 
because of their importance as wage goods 
and (2) to raise agricultural prices to spur 
production. 

Peron came to power in 1943 represent
ing two constituencies: (1) the growing 
number of urban industrial workers and (2) 
the nationalists interested in greater indus
trial development and economic "self
sufficiency," including a substantial part of 
the army. Many persons in the second 
category had seen Argentina suffer through 
World War I and the depression years of the 
1930s cut off from many imports previously 
available, and through World War II when 
imports were again scarce and crops could not 
be exported because of a shortage of available 
shipping. Moreover, at the end of World War 
II, many expected war would soon break out 
again between the United States and Russia. 

Given these experiences and expecta
tions, rapid industrialization was called for 
and resources were needed to finance it. 
Despite the nation's economic difficulties dur
ing the 1930s and early 1940s, agriculture 
had continued to produce at a constant level 
of output. This convinced many that agricul
tural supply was inelastic and could be taxed 
without serious allocative effects. Further, 
they reasoned that if war broke out again 
and agricultural products, particularly grains, 
could not be exported, higher production 
would be of little use. 

As a result, Peron imposed what were 
essentially high production taxes on tradi
tional agricultural products; placed high 
tariffs on most imported goods, but particu
larly agricultural inputs; reduced expendi
tures on social overhead capital of nearly 
every variety in the rural sector; and began 
to accelerate industrialization. 

ducers, strongly opposed these policies. They 
composed a traditionally conservative, almost 
clubby class, not oriented toward social 
change, which made them naturally opposed 
to many of the new economic and social poli 
cies, even if their own incomes and wealth 
had not been directly threatened in the pro
cess. 

Some of Peron's policies were directed 
specifically at his political enemies--in an 
attempt to reduce their income, wealth, and 
power. 4 But in many cases his other policies 
were harmed by such measures. Further, it 
can be shown that he discriminated more 
strongly against grain producers, who both 
were politically weaker and produced pro
ducts with less potential export value, than 
he did against the cattle barons. 

Peron's policies were also aimed at gain
ing popularity among the urban working 
class, for this was his major power base. 
Some of his policies had strong welfare 
justification, for Argentine society was badly 
in need of a social transformation which 
would redistribute income, health, education, 
and opportunity toward the lower classes. 
Also, reducing the prices of agricultural 
goods, particularly beef, increased the real 
income of urban workers substantially 
without increasing labor costs. Nevertheless, 
some of the policies used to improve the con. 
ditions of urban laborers were clearly con
tradictory to his goal of industrialization. 
Policies which raised the money wage of 
workers and radically increased their fringe 
benefits, although popular, did not make 
industrialization easier. And the higher 
tariffs or quotas, used to compensate industri
alists for their higher labor costs, did not con
tribute to efficient industrialization. 

As government expenditures increased, 
exports fell, imports fell, rapid inflation 
began, the government deficit grew, and the 
growth rate of the economy dropped. Peron 
recognized many of his errors by 1952 and 
attempted to change his economic policies to 
some degree, especially to relieve the discrim
ination against agriculture. But he could not 
or did not do so sufficiently to counteract the 
growing discontent, particularly among the 
military, who ousted him in 1955. 

As would be expected, the large lan Since then, Argentina has had a series 
downers, who also tended to be the cattle pro- of governments, some elected, some self
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appointed, but nearly all unable to make 
much headway toward providing for either 
economic or social progress. Evolution of 
both continues to be slow and painful to this 
day. 

The Traditional Tenant Farming System and 
Its Demise 

Traditionally, landowners of large 
ranches (estancias) contracted with tenants 
who grew grains for three to five years on one 
section and then were required to plant 
alfalfa or another forage crop on that section 
before moving on to another section of the 
ranch to plant grain. The owner would then 
pasture cattle on the alfalfa for several years 
while the cattle dung and legumes regen
erated the soil for future grain crops. While 
owners received income from grain produc
tion and were guaranteed a good pasture for 
their cattle, they were spared the risk of 
investing large sums of capital in grain pro
duction because tenants were usually respon
sible for providing the seed and equipment. 5 

Landowners benefited greatly from the 
system because cheap labor increased land 
rents. Many impecunious immigrants also 
benefited, either eventually becoming small 
landowners or at least earning substantially 
better incomes than they could have at home. 
There was a strong element of social exploita
tion in this tenancy system, but only because 
there were so many who were willing to 
accept the prevailing tenancy terms. 

When Peron came to power in 1943, he 
announced his intent to improve the condi
tion of agricultural workers. First, he sub

- stantially increased the minimum money 
wage of the rural peon and helped agricul
tural workers, especially seasonal workers 
such as harvesters, to form strong labor 
unions. Although inflation reduced real wages 
faster than money wages could rise, the cost 
of labor relative to the prices of field crops 
rose. This severely reduced the net return 
from growing hand-harvested, labor intensive 
crops such as corn. 

Second, Peron froze the rent contracts 
between tenants and farm owners and 
expropriated some property to distribute to 
tenants. The contract freeze prohibited own
ers from evicting their tenants and also fixed 
the rents paid. Severe inflation during this 
period reduced the fixed rents to very little in 

real value. More important, producers saw 
the freeze as the first step toward complete I 
expropriation. As a result, farm owners tried l 
to purchase rent contracts from their '! 
tenants--in essence bribing them to leave-
and, if successful, managed the land them
selves. They were, of course, reluctant to !· 
make contracts with new tenants. 

Thus, the threat of the expropriation 
which was attached to tenant farming was 
extremely successful in reducing the labor 
used in agriculture. But it is less clear that 

,• 
\ 

this labor was well utilized by urban industry ' 
for, due to the increasing foreign exchange 
constraint, industrial growth had slowed so 
much that migrating labor went mainly into 
the service sector where it had relatively low 
productivity. And given the traditional pat: 
tern of production practiced in the Pampas, 
the increase in labor costs resulted in a 
further switch from grains to cattle. 

The lot of the tenants could only be 
improved--that is, their standard of living 
raised to generally (and relatively) acceptable 
levels--by either redistributing land or remov
ing many of them to other employment. It is 
not clear which method Peron originally 
intended, but he used mainly the latter. 

Tenant removal was accomplished both 
by reducing the demand for their services in 
agriculture and by providing them with 
attractive employment elsewhere. The first 
Peron did by reducing grain prices, cutting 
off complementary capital inputs, and raising 
relative rural wage costs. The second he did 
by a massive program of industrialization and 
a legislated increase in urban wages. After a 
considerable lag, rural workers flocked to the 
large urban centers, especially Buenos Aires, 
in search of both higher income and other 
attractions of city life. j 

! 

The Peron Era 

Although Peron is justifiably accused of 
many things, he participated in a real 
transformation of Argentine life, one which 
had to be carried out eventually if Argentina 
wished to become a truly modern society. 
One mission was to transform the rural sec
tor and another to urbanize and industrialize. 
Peron completed neither, but both processes 
were accelerated and carried through difficult 
phases without significant bloodshed. 

4 \: 
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Nevertheless, both processes were done 4. 

very inefficiently, and the patterns esta
blished have not been corrected yet. In par
ticular, Peron denied the agricultural sector 
needed inputs, thereby preventing the reason
ably smooth transition from the tenant sys
tem to owner cultivation which might have 
occurred had new machines, seeds, fertilizers, 
and farming methods been introduced and 5. 

had the labor exodus been slo-.ver. Instead, 
landowners found themselves short on labor, 
on capital and, often, on technical knowledge. 
Many owners had insufficient capital to pur
chase the equipment previously furnished by 
tenants and were even more hard-pressed to 
purchase additional equipment. Besides, new 
equipment was not on the permitted import 
list, so capital- labor substitution was long in 
coming. 

However, the governments succeeding 
Peron were also very slow to increase the 
availability of agricultural inputs. Import 
tariffs on agricultural machinery, fertilizers, 
pesticides, and so forth, were maintained at 
high levels, ostensibly to save foreign 
exchange or to encourage domestic production 
of the same. A significant research and 
extension program did not begin until 1958, 
and little had been done by the late 1960s to 
rehabilitate the transportation system on 
which rural production depends, or to 
increase the telephone and electrical network. 
Thus, although Peron is directly responsible 
for initiating many damaging policies, these 
policies may have been the product of more 
general but misguided consensus. It has 
taken new policy makers a long time to 
reverse them. 

Endnotes to L 

I. One hectare is about 2.5 acres. 

2. There is no hard and fast line between cattle and 
crop producers. Some areas are quite specialized, 
but in most there is mixed production, and produc
ers can switch between cattle and crops fairly 
easily. Sheep, hogs, and poultry are also produced, 
but in much smaller amounts and their production 
has not been a significant rival to cattle during 
the period studied. 

3. A more detailed discussion of these and related 
matters is included in a separate section at the 
end of the introduction. 

The evidence is that rural laborers bore much of 
the burden. Wealthy landowners complained 
about difficult times and doubtlessly suffered con
siderably, but their incomes appear to have fallen 
relatively less than those of year-round rural 
laborers. Tenants who acquired temporary free 
control of land benefited in the short run, but they 
later lost as well. 

The system also resulted in a transient tenant 
class. Because tenants never stayed on one part of 
the ranch for longer than a few years and were 
responsible for removing any structures they had 
erected, their homes were simple and poor. Their 
primary goals were to accumulate enough capital 
to purchase their own land, to retire to the city, or 
to return to Europe. They therefore remained for 
many years a politically disenfranchised group 
(Scobie 1964b). 

5 



II. Cattle as Capital Goods and 

Producers as Portfolio Managers 


In this section, several microeconomic models 
are developed to demonstrate why the short-run 
slaughter response to price of cattle slaughter should 
be negative, and why the degree of response should 
differ among different types of animals. Partial 
equilibrium capital-theoretic models are employed to 
show how producers in competitive markets ought 
to respond to the parameters they face, and the 
alteration of the partial equilibrium results within a 
general equilibrium context is explained. This is 
useful for the specification and interpretation of the 
econometric model to be estimated. 

An Economic Mode/ ofSteer Production 

To begin, micro-models are used to determine 
the optimum slaughter age and feed input for a steer, 
given growth functions for the animal and certain 
parameters faced by producers: the price of beef, the 
interest rate, and the cost of other inputs. To 
simplify the exposition, we begin with a model where 
the only input is the steer itself. 

Let: 
(J 	 = age of the steer, 

w(fJ) = weight of the steer ow >9, o'w <O, 
at age 9, afJ afJ' 

r 	 = Interest rate, 

V(fJJ = the present discounted value of an animal 
allowed to live to age 9. 

Thus if V(fJJ = w (fJ)e-'8, where the price of beef is 
arbitrarily fixed at a constant value of unity, the steer 
will be slaughtered at age ii which is chosen to 
maximize V(fJJ. The first-order condition for a maxi
mum yields the requirement aw 

afJ 
= r; 

w 
ii occurs when the rate of growth of the animal is 
equal to the interest rate. The second-order condition, 
02V <o, 
(j(J2 

requires that the rate of gain be declining. In this 
model there is no opportunity cost to cattle produc
tion other than the interest foregone on invested 
capital. An increase in r will lower the optimal 
slaughter age, and vice-versa; 

32y 

(j{j =  ofJOr < 0, because 
or a'V 

afP 
a'V =e-re(rfJw- (Jaw -w) <O, at least as long as 
o(Jor 09 rfJ < I. 
Although this model implies an important role for 
the interest rate, r actually plays a relatively un
important role, as is discussed subsequently. 

The model can be made more realistic by 
recognizing that a steer requires certain costly inputs 
throughout his life, which must be considered when 
choosing the optimal slaughter age. Although the 
slaughter decision still depends on the animal's rate 
of growth, the interest rate, and prices, it is condi
tional on the animal being fed the optimal ration. 
The criterion becomes maximization of the present 
discounted profit of the fattening process, which in 
perfect markets will be the value of the calf at birth: 

(l) rr 	(9) = p (i, fJ) w (1, fJ) e -r8 - cif 8 e-"dt.0 
The new variables are 

rr = the present discounted profit of the fattening 
process; 

= a fixed bundle of daily inputs to the steer, 
independent of 9; 

c = the cost of the fixed bundle, i; 

p = the price per pound which may be obtained for 
the steer at age 9. 

Both the weight and the price of the animal are 
assumed to be functions of i and 9, implying that the 
quality of the beef is reflected in the unit price 
received. The inputs required consist primarily of 
feed, but conceptually may include all inputs such as 
labor, shelter, fences, machinery, and veterinary 
care. 1 For the moment the process of determining 
market prices is ignored; these are taken as given to 
the individual producer. 

The first-order conditions for a maximization of rr 
require that the producer select both the optimal 
slaughter age and the optimal input stream: 

(2a) 	 arr = e-r8 (p aw + w ££_) -re-r8pw-<:ie-r8 = 0, 
09 Bi (j(J 

(2b) arr =e-r8(p OW+ wop )-<:fo8e-rtdt=O; 
ai iii iii 
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which yield 

(2a') p aw +w EE_ = r pw + ci, and 
08 OB 

(2b') p ow +w EE_ = 
oi oi 

At B the change in value due to changing 
weight and quality (unit price) is equal to the current 
interest foregone plus the cost of feeding. Alterna
tively, dividing through by pw, the rate of weight 
gain plus the rate of price change due to aging is 
equal to the interest rate plus the cost per day of 
feeding the animal as a percentage of its total value. 
Similarly, at i the present discounted value of the 
marginal net weight gain and price increase cor
responding to the higher stream of inputs through
out the steer's life, less the percent discounted cost of 
feeding the animal these inputs, must be zero. 

It is important to discover how the optimal e 
and i are affected by changes in the parameters 
faced by producers, i.e., the price of beef, the costs of 
inputs, and the interest rate. To determine this, the 
implicit function theorem may be used. The function 
for profitability is: 

(3) 1T = f(i, 8, r, c, p), 

where the variables i, 8 satisfy the subsidiary 
conditions 

(4) OTT = ¢> (i, 8, r, c, p) = O, and 
08 

(5) .E§__ = 'I' (i, 8, r, c, p) =0.
oi 

After writing i, e as functions of r, c, p: 

(6) I = x(r, c, p) and 

(7) e =/3(r, c, p), 

x and f3 may be substituted for i and 8 in ¢> and 'I'. 
Using the chain rule for differentiation, we may then 
solve for the unknowns: 

oi oi 
oc or 

In particular, these results indicate that a nega
tive slaughter response for steers is expected in the 
short run. Temporarily, fewer steers are slaughtered 
because a higher price causes them to be withheld. 

i This, of course, is a ceteris paribus result. 

l Consider now the determination of the market 
price of different aged male animals, from calf to 

! 
~ 

steer. (The calf has value as a "growing" machine.) 

J We know 1T (1J) represents the calf's value at birth, 
I i.e., it is the amount which if invested at interest rate .f 

r would have the same money value at time /} as the 

finished steer, less the total feed costs compounded 
from their time of input to e, at rate r: 

(8) it =7T(i ,B )=p(i , 8) w{i , /} ) e -rO -d f 8 e·"dt,
0 

and it erD = p{i, IJ) w(i, 8)- d (erO - 1). 
r 

Figure 1 illustrates (8) graphically while demonstrat
ing another point as well. In deriving the optimal 
slaughter age and input stream, it was assumed that 
producers faced known functions for the rate of gain 
and the rate of change in price per unit for each 
animal. The product of these functions would, if 
graphed as a function of age, yield the locus shown 
as p(i, 8) w(i, 8). Given our assumptions, slaughter 
occurs only at one age, 8, and because we assume 
perfect competition, the market value of the animal 
at e must equal the cost of producing the animal. 
This supply cost, reflecting the cost of feed inputs as 
well as the interest foregone on the value of the calf, 
can be easily obtained by rearranging Equation 8; 
supply cost (or market value) is graphed as VM(B) in 
Figure I. Slaughter occurs where VM(B) is tangent 
to pw.2 

In fact, however, animals are slaughtered at 
many different ages. This occurs both because some 
consumers are willing to pay a premium per unit 
weight for meat from either younger or older 
animals and because feed costs differ for different 
producers. For the moment we ignore the latter 
factor and consider only the implications of the 
former. Under our original assumption a calf's 
capital value dominates its slaughter value until age 
fJ , so no calf will be slaughtered until this age. Any 
producer wishing to sell a calf will find a buyer who 
will continue to feed the calf until age B. However, 
any consumer wishing to purchase an animal at a 
different age could do so if willing to pay a premium 
price per pound. That is, under the assumption of 
equal costs for all producers, the least cost per pound 
for beef is achieved by slaughtering animals at a 
unique age, /J • Meat from animals slaughtered at 
other ages must bring a premium price because 
consumer prices must vary directly with w(~ 8) to 
ensure that the producer is fully compensated for the 
original value of the calf and the value of the 
embodied feed inputs, including interest. To restate, 
if people are willing to pay p(/}) for meat from an 
animal aged {}, p(B) must be greater than p(IJ ), 8 t
{J. 

To show this, we return to the model where no 
feed inputs are required and consider the cost per 
pound of producing animals of different ages. Take 
the case where 8 < {J • 
Because w > r at this age ( • _ ow )

w w- at , 
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the animal must be worth more as a growing 
machine than as a consumption good. If the calf is 
purchased for consumption, it must be at the price 
determined by the capital value. 1his implies 

(9) p ({!) w(U) = p(O) w(O) e-1\0 -If). 

Now let w(O) =eg(O -If) w(U), g> r. 

Then 

(IO) 	 £@. = w({})"°r(D -If) 

p(B) w(U) 

= Y!!f!)_ eg(O-l!je-r(D -If) 

w(U) 
= ef_g-r)(D -If), 

and p({!) > p( Uj, 9 < 9. A similar proof can be used 
to show that p(Uj > p(O) for 9 > 9. Therefore, 
although the value of the animal itself, VM(Uj, 
increases monotonically, the price per pound 
of the beef froni the animal, p(Uj, will have a U
shaped age profile, as shown in Figure 2. The 
inclusion of feed costs In the model, as long as costs 
are the same for all producers, will increase the 
bowness of this profile. 

The derivation of the least-<:ost-per-pound age, 
and the premium paid for animals of all other ages, 
is useful for conceptualizing how consumer prefer
ences can affect the age distribution of slaughter, 
both cyclically and over time. However, although 
consumers' preferences influence the age distribution 
of slaughtered animals by determining the premium 
consumers are willing to pay for beef from different
aged animals, these preferences have only an indirect 
effect on either the relative or absolute differences 
between the equilibrium market values of different
aged animals. These relative prices will vary only a 
little with changes in the price of beef, feed, and the 
interest rate, the changes depending on the specific 
growth function of the animal. A similar result holds 
for the absolute difference between the supply-deter
mined market values of two steers of different ages. 
The supply-determined relative market values of dif
ferent-aged steers, such as at ages 91 and 92, are 
found via 

(I I) 
= it e'lh+ci/ rerlli -I)RP0182 = 

ifer8t+ci/r(er8q) 

Explicit numerical solutions for each of these 
unknowns can be obtained using data from farm 
management studies. However, as only qualitative 
results were needed for this study, rough estimates of 
the price data and the growth functions pertaining to 
Argentine steers were used. These results will be 

valid as long as the rate of gain is declining in the 
vicinity of 8 and if the marginal return to increased 
inputs diminishes monotonically. 

ai >O 	An Increase In p increases the marginal 
ap value product of each input, increasing 

the optimal feed ration and the optimal EP._ > 0 
slaughter age. ap 

ai <O An increase in the cost of inputs reduces 

ac both the daily input and the optimal 
slaughter age. Animals are not only fed 

EP._ < 0 less per day, but for a shorter period ofac time because they grow more slowly at 
any given age. 

An Increase in r reduces the daily feed ai <O 
ar 	 inputs, because greater feed investtnent 

implies higher interest costs. The increase 
a9 <0 in r also reduces the optimal slaughter ar age as it increases the interest foregone at 

every age. 

An &anomic Model of Cow-Calf Production 

In the previous subsection economic models 
were employed to analyze the impact of various 
parameter changes on the market value, input level, 
and slaughter age of steers. A similar analysis is now 
carried out of cows. From an economic viewpoint, 
the principal characteristic distinguishing cows from 
steers is the ability of the former to produce calves.' 
Cows may produce beef either directly, by being 
fattened for slaughter, or indirectly, by bearing calves 
which may be fattened for slaughter. 1his latter 
option is reflected by including an additional term in 
the profit equation. This term is the present value of 
the expected calf stream, Lo c (i, t) , 

t =I (1 + r)' 

where C (i, t) is the expected value of the calf born in 
year t, assuming the cow has been fed input stream i 
throughout her life. 1his expected value depends on 
the probability that the cow will have a calf in year t, 
the respective probabilty that the calf will be male or 
female, and the expected values of male and female 
calves in that year. 

Equation 12, the profit equation for females, 
includes three terms-the present value of the beef 
available at the time of slaughter, the calf stream, 
and the inputs required to maintain the animal
whose sum is equal to the value of a female animal 
at birth: 
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(12) 

p= 'I.8 ~-ci f0
9 e·"dt + p(i, Ii) w(i, 8) e-rb. 

t =I (I + r)1 

Equation ( 12) can be used to determine the 
optimal slaughter age and input stream for cows, as 
was done previously for steers. As is shown in Figure 
3, female calves have a distinctly bimodal optimal 
slaughter age because more female calves are born 
than are needed for replacement purposes in the 
breeding herd. As a result, some female animals are 
slaughtered as fattened heifers at age 8 1, before they 
bear calves, and some are slaughtered only after their 
value as breeding animals has declined, at age fJ 2.• 
Female calves are essentially homogeneous at birth, 
and producers are therefore indifferent at the margin 
between retaining an animal for the breeding herd or 
fattening it for slaughter. If the value of a female as a 
breeding animal rises relative to its value .as a 
slaughter animal, some females formerly destined for 
slaughter will be withheld, and vice-versa. 1bis 
switching will continue until an equilibrium is 
achieved.' 

An analysis similar to that carried out for steers 
would show that the immediate response of both 
heifer slaughter and cow slaughter to an increase in 
the price of beef is negative. A higher beef price, or 
lower feed costs, makes it profitable to feed heifers to 
heavier weights and to retain cows for calf produc
tion. 

Slaughter Response by Animal Type 

The models presented in the two previous 
sections can be used to show that the magnitude of 
the slaughter response will differ for different types 
of animals. At any single point in time there is a 
fixed supply of animals in the herd for which there 
exist two types of demand: consumer and producer. 
As long as a producer is willing to outbid consumers 
to retain the animal as a productive asset, the animal 
remains in the herd. When the consumer wins, the 
animal is slaughtered. Our interest is to determine 
how the relative strength of the bidders' demands for 
different types of animals varies with exogenous 
shocks to the system, e.g., monetary devaluation, 
climatic variation. 

Some insight is provided by the partial equi
librium models already developed. We examine first 
the ceteris paribus change in relative value between a 
steer ready for slaughter and a newly castrated calf 
after an "exogenous" increase of IO percent in the 
price of beef. Assume that the slaughter age of the 
steer is unchanged and that the value components of 

the profit equation originally have the approximate 
relationships prevailing for a steer calf in Argentina: 

(13) pwe-rO = a= 5, and 

(14) cif
0
0 e-r9dt = b = 4. 

Then, a steer calf has value it = a - b = 5 - 4 = l, and 
a IO percent increase in the price of beef produces a 
theoretical rise of 50 percent in it: 

(15) 	 ~ = l.l (5) - 4 = 1.5 
it0 5-4 

where the subscripts, 0 and l, indicate profit before 
and after the price change, respectively. The further 
away the age of expected slaughter, the greater is the 
change in the capital value of the animal. 

The effect is even greater for female calves, or 
male calves which have not been castrated. In either 
case, the option exists to retain the animal to an 
older age, but, more importantly, an increase in the 
value of a calf increases the calf stream value of the 
female calf, or the stud value of the male calf, and 
the recursive effect of further calf price increases 
would be carried on indefinitely if there were no 
dampening force. Thus, the proportional "instan
taneous" increase in the value of a "breeding" calf 
should be substantially greater than either the 
original increase in the price of steer beef or the 
increase in the value of a castrated male calf. 

The "instantaneous" increase in value which is 
reflected in these models is a partial equilibrium 
result. These models take no account of the fact that 
other adjustments will occur in response to a beef 
price increase, perhaps quite rapidly. For example, 
the change in the value of the steer calf discussed 
above reflects the change in the value of the animal 
as a capital good. As the value increses, producers 
will respond by retaining more such animals to be 
used for future production, and will reduce the 
number currently slaughtered. The resulting reduc
tion of current slaughter will increase even more the 
current price of beef, but will also increase the future 
supply of beef, thereby lowering the expected future 
price of beef and perhaps increasing the cost of feed. 
As the capital value of an animal depends on 
expected, as opposed to current, prices the move
ment of expected prices will dampen, at least at some 
point, the tendency for the relative prices of animals 
to change.' 

The process will be facilitated by the fact that 
beef from different animals is highly substitutable in 
consumption. Thus, as the relative prices of certain · 
types of animals begin to increase, the consumption 
of these animals is reduced. Market prices are 
constrained by the high price elasticity of consumer 
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demand across animal categories, and this constraint 
allows producers to bid away more easily those 
animals with more sensitive capital prices.' 

This consumption constraint is important in 
two other respects as well. First, because it limits the 
relative price variation, the differential effect of a 
price increase indicated in the partial equilibrium 
models will tend to be reflected in the slaughter 
response of the different animal categories. The 
slaughter response also depends on the relative 
availability of the animals, but the consumption 
constraint plays an important role. Second, the 
limitation on the relative price variation allows the 
use of a single price, such as the price of two-year
old steers, as the price variable for all types of cattle 
in a disaggregated econometric model, without great 
loss of accuracy. This is helpful because it is difficult 
to identify the consumer demand for each type of 
animal. 

The preceding discussion suggests an expected 
ranking of slaughter elasticities of the different 
categories. Although each category should exhibit a 
negative short-run response to a price increase, the 
elasticities will likely differ. This differenee will reflect 
both the sensitivity of the value terms in the profit 
equation, as shown in the partial equilibrium models, 
and also the relative availability of each animal 
category. The degree of instantaneous impact of a 
parameter change on the capital value of the animal 
depends on the expected time lapse before slaughter 
and on the presence of the breeding term with its 
recursive effect. The relative supply is also important, 
however, for the elasticity of slaughter response 
refers to the percentage change in the number 
slaughtered. The larger the number of animals of a 
given category relative to the number needed to 
satisfy the increased herd demands, the lower is the 
expected elasticity. This point, which may appear 
tautological at first, may be illustrated by considering 
again the role of the breeding term in the profit 
equation for male animals. 

In principle, there is no difference in the 
equation for male and female calves at birth. A male 
calf also has a bimodal optimal slaughter age, for it 
too can be fattened to be slaughtered for beef or 
retained to enter the herd as a breeding animal. As 
each male calf theoretically has the potential to do 
either, each male profit equation should contain a 
breeding value term. Accordingly, the value of a 
male calf at birth may be as sensitive to a price 
change as that of a female calf; that of a male calf 
becomes less sensitive only after castration. Follow
ing castration male calves' values will be less sensitive 

because then their productive value depends only on 
their ability to convert feed into beef.' 

The price elasticity of female slaughter, however, 
is normally greater than that of males because there 
are fewer females born relative to the replacement 
needs of the breeding herd. When the size of the 
breeding herd is to increase, the proportion of male 
animals switched from prospective slaughter to re
tention is generally much smaller than that for 
female animals, because there are many more male 
animals destined for slaughter and many fewer are 
required for the desired increase in the breeding 
herd. This differential results in different slaughter 
elasticities for the two types of animals. 

It is therefore difficult to generalize the expected 
elasticity of slaughter response. One must consider 
the difference between the animal's actual and ex
pected slaughter ages, its breeding potential, and the 
normal distribution of slaughter. A convenient rule 
of thumb suggests that female animals should have a 
higher slaughter elasticity than males, and younger 
animals higher than older. For example: Male 
calves, even before castration, should demonstrate a 
lower elasticity than females (because of their lower 
relative demand for the breeding herd, not their 
absolute lack of breeding potential); both male and 
female calves should have more elastic slaughter 
response than either steers or cows. Bulls should 
demonstrate a more elastic resporue than steers, 
despite the fact that they are generally older animals. 
But it is not strictly necessary that heifers exhibit a 
higher slaughter elasticity than yearling steers. 
Although some heifers may be switched from 
slaughter to the breeding herd, those which are not 
cannot profitably be withheld very long for further 
fattening because their rate of weight gain soon 
slows. 

Beef Price and Feed Cost Response 

The previous models suggest that the immediate 
slaughter response is negative for all categories. This 
does not necessarily imply that the estimated 
beef/feed relative price coefficients in the slaughter 
equations of an econometric model will be negative 
for all categories. First, an increase in the price of 
beef which is not expected to last could lead to 
increased rather than decreased slaughter in the very 
short run. It is necessary to differentiate between the 
response to an expected price and the estimated 
coefficient on a past or existing price variable-a 
well-known problem.' 
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Second, slaughter response is quite different 
from production response. The attempt by producers 
to increase production requires a reduction in 
slaughter in the short run and the stronger is this 
attempt, the sharper is the drop in slaughter. Produc
tion, however, will increase eventually to allow 
greater slaughter. As the period of observation grows 
larger, the (net) slaughter response becomes less 
negative, eventually becoming positive. The estimated 
sign of the beef/feed relative price coefficient in the 
slaughter equation therefore depends entirely on the 
observation, i.e., a quarterly model is more likely to 
exhibit a negative beef price slaughter elasticity than 
an annual model. to the rapidity with which the build
up in stocks is reflected in a higher slaughter flow is 
likely to vary across categories. 

Third, the fact that animals can pass through 
several categories during one year means that 
"switching" caused by price changes can affect the 
estimated price coefficients. According to Argentine 
definition, an animal is a calf from birth to nine 
months, a yearling from nine to 18 months, and a 
steer from then until slaughter. A calf aged eight 
months at the beginning of the year theoretically 
could be slaughtered during the year in any of the 
three categories. Thus a price increase which causes 
all animals to be fed to heavier weights may cause 
some animals to be withheld just long enough to be 
slaughtered in a different category. This effect could 
make it incorrectly appear that the animals in older 
categories had a positive price-slaughter response. 
Further, the age distribution of the slaughtered 
animals within each category could be altered by the 
price increase. This implies a change in the weight 
and type of beef produced, and suggests the need for 
equations estimating the average slaughter-weight of 
the different categories for a good prediction of total 
beef production. 

Fourth, some categories of animals, like older 
steers or sterile cows and heifers, have capital values 
which are relatively insensitive to changes in future 
expected prices. These animals will continue to be 
sold to slaughter even when other animals such as 
calves, breeding heifers, and cows are increasingly 
being withheld. Indeed, the slaughter response of 
these older animals could even be positive under the 
proper conditions. For example, if a current price 
increase is due to devaluation, and future inflation is 
expected to rapidly return the relative price of beef 
to its previous level, the slaughter response of steers 
could be positive. 

Another plausible explanation, suggested by 
Yver (1971), focuses on the dynamic impact of 
changing beef prices on the cost of feed. He argues 

that if producers face a short-run feed constraint 

they will be unable to increase the herd in the short 

run as much as they would like to eventually. Their 

desire to retain animals of all ages will cause an 

increase in the opportunity cost of feed to such an 

extent that some animals, such as steers, will be 

slaughtered in greater numbers. The animals likely to 

be so affected are those nearing their time of 

slaughter, for the capital values of their animals with 

longer productive lives will be less sensitive to a 

short-run change in the cost of feed. 


Regional Distribution of Production 

Once the assumption of equal input costs for all 
producers is dropped, the micro models developed 
here can also help to explain the distribution of 
production activities among regions or among 
countries. For example, assume that the cost of 
transportation is neglibible for dressed beef, but con
siderable for live animals, and that consumers are 
willing to pay only very small premiums for beef 
from different aged animals. This makes the 
consumption value of the animal essentially a func
tion of weight. Thus, in regium• wltere feeding costs 
are relatively higher, the capital value of calves will 
tend to be lower, at least up to some age B1• Because 
it = pwe-rb= ci J°c"'dt, for any given p and r, a

0
higher c will be associated with a lower it. Further, 
as VM( 8) =it e'8+ ci/ r(e'B -I), a higher c results in a 
lower VM(8) during the early part of the animal's 
life, B>Bi. This may be graphed as in Fi~ 4. 

Considering relative conditions in Europe and 
Argentina, we can see why veal in Europe is 
absolutely cheaper per pound than in Argentina, 
even though mature beef is much cheaper in Ar
gentina If transportation costs were zero, calves 
born in Europe would be worth it 1 at birth and be 
shipped to Argentina to be fattened to age {j 1. Since 
transportation costs are not zero, their value is it 2, 
and they are fattened until slaughter in Europe. But 
they will not be fattened past B1, because after this 
age imported beef of the same quality is cheaper. 
The variation with respect to age in the market value 
of an animal in Europe therefore should have the 
shape of the envelope in Figure 5. As can be seen, 
the existence of many producers located in regions 
with different feed costs implies that the observed ....
relative costs per pound of beef aged Bi will vary less 
than if there were only one producer. Further, the 
absolute cost of beef from younger animals is 
cheapest in the higher feed cost regions, implying 
that part of the observed European "preference" for 
veal is due to its relatively lower price there. This 
relationship is shown in Figure 6, where it is 
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assumed that there is strict consumer indifference 
among beef from animals aged 91, 92, 93, and 94. 

Each country is shown to be relatively more efficient 
in the production of beef from a certain range of 
animal ages. 

The regional location of production activities 
within a country may be determined similarly. 
Producers with differing feed costs will choose 
different parts of the production process. For 
example, breeding operations will usually take place 
in areas where feed is cheap, that is, where the cost 
of maintaining the cow year-round is less than the 
value of the calf at birth. Because all calves will have 
the same value at birth in a unified market, it will 
not be profitable to maintain breeding herds in high
cost feed areas unless producers there are more 
efficient, i.e., unless their herds have higher calving 
rates and lower mortality rates than herds elsewhere.'' 

Breeding may also take place as a complemen
tary activity in areas where cows are maintained 
primarily for milk production. In this case the profit 
equation would include a component reflecting the 
present discounted value of the future milk stream: 
Pm fl m(~ t) e-"dt, where m(i, t) is the quantity of 
milk produced by a cow aged t, fed inputs i, and Pm 
is the price at which this milk can be sold. The milk 
component must compensate for the lower net value 
of the calf stream, implied by the (usually) much 
higher feed costs." 

The fattening process may also become geo
graphically specialized, depending on the relative 
cost to feed across regions and the length of time it is 
available in each. On weaning, calves are usually sent 
to fattening regions where there is feed suitable for 
fattening. After some period the animals may be sent 
to market or sent to better grazing lands for 
finishing. Whether an individual animal is sold to 
slaughter or to further fattening depends on the 
current market price for slaughtered beef, whether 
feed is available at a cost low enough to continue 
profitable feeding, and transaction and transport 
costs. If current prices for feeder animals and 
expected future prices for finished animals are in the 
correct ratio, producers who have low-<:ost feed will 
purchase animals to feed and sell later either to other 
producers for further fattening or to slaughter. In 
many areas cheap feed will be available during a 
particular part of the year, e.g., winter wheat that 
can be grazed for several months without damaging 
the crop or the wheat stubble that can be grazed 
following harvest. Hence, even though wheat and 
cattle are competitive in many situations, they are 
also at time complimentary. 

Changes in the Argentine Cattle Slaughter Age 

Steers are now slaughtered at younger ages in 
Argentina than some years ago. New breeds of cattle 
and better pasture management have permitted 
higher growth-<:onversion rates at younger ages, and 
an earlier "leveling-off." But there are several other 
reasons as well. First, the effective interest rate (rate 
of discount) faced by farmers has increased, for 
farmers have become more sensitive to alternative 
investment opportunities. This should reduce 0, the 
least-<:ost-per-pound age, although the effect would 
likely be small. Second, the relative cost of feed 
inputs has ·also risen, i.e., the cost of pasture and 
forage has risen relative to the price of beef, 
especially as the grain yields for land have risen. 
Because younger animals convert feed into beef more 
efficiently than older animals, an increase in the 
relative price of feed will tend to reduce the slaughter 
age. Thus, both cost factors considered by this model 
have tended to reduce the slaughter age of animals in 
Argentina. 

The slaughter age also depends on the premium 
consumers will pay for beef of various ages. Here too 
the trend in recent years seems to have favored the 
slaughter of younger animals. Many consumers now 
actually prefer the leaner beef from a young animal 
and are quite unwilling to pay the premium once 
received for older, fatter beef. 13 

Endnotes to IL 

I. 	 The assumption that the input bundle is fixed is 
unrealistic. The input bundle varies over the 
animal's life and the animal's response to current 
inputs depends on the amount and timing of 
past inputs. This becomes complicated mathe
matically, however, and has not been included in 
this analysis even though such effects are some
times important. 

Other factors can be more simply incorpor
ated. For example, marketing costs paid by the 
producer at the time of sale will tend to lengthen 
the slaughter age. If these costs are fixed, and 
denoted by z, we have 

rr (IJJ = pwe-rB -ci J/e·rt dt - ze -rB and 


o'rr 

o'rraeaz > 0, for --= e-rB {r) > 0. 
o80zo>ir 
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The producer reduces the present discounted 
value of the marketing costs by prolonging the 
time of sale. During any period fewer cattle are 
slaughtered, holding each to an older age. 

Price expectations can be introduced by letting 
the price vector vary with time, p(i, 8, t), and the 
effect of climatic variation or disease on the 
animal's ability to convert feed into beef can be 
recognized by allowing shifts in the growth func
tion, w(i, 8, y). 

2. 	 As is clear in the mathematical formulation, the 
optimum slaughter age is a function of the 
relative beef/feed price, p/c, not the absolute 
price of beef. 

3. 	 Biologically, male animals are as essential as 
cows to the breeding process. Therefore, the 
profit equation for male animals ought to in
clude a breeding term as well. Tbis term was 
deleted in the previous section to simplify the 
analysis, but it does play an important role in 
some situations, and will be discussed in the next 
subscetion. 

4. 	 Although cows may conceive until age 13, they 
are rarely retained in the breeding herd beyond 
age nine because their teeth wear down, making 
it increasingly difficult to feed. This lowers the 
probability of conception, which is sensitive to 
the cow's level of nutrition, and also makes it 
increasingly difficult for the cow to suckle a calf. 
Both factors decrease the expected value of the 
calf stream, prompting slaughter. 

5. 	 The models discussed here focus on the partial 
equilibrium behavior of producers facing exo
genous changes in prices, although clearly such 
prices are endogenous to the economic system as 
a whole. Without an endogenous solution, many 
relationships such as the biomodal slaughter 
distribution would not hold. 

6. 	 The capital values of certain animals may be 
decreasing even at a moment when their current 
slaughter value is increasing. This inverse move
ment, which prevents any price movement from 
being cumulatively destabilizing, requires that 
price expectations take into account future supply 
and demand, rather than naively extrapolating 
current prices. The models employed above 
assume a naive extrapolation, but only for 
expositional purposes. 

7. 	 Only when no more cows and heifers can be 
withdrawn from slaughter will the "tie" via 
consumer demand between their prices and those 
of other animals be broken. Under normal 
conditions, given the number of cows and heifers 
sent to market each year and the cost of making 
large sudden changes in the size of the breeding 
herd, this does not occur. 

8. 	 The male profit equation may be written 

'TT" = pwe·r - cif 8 e·rtdt +
0 

aT (ib, tb, V) 

as 
(I + r)'b 

This is the present discounted value of a calf at 
birth where aTIOB is the proportional increase 
in the expected value of a calf provided by 
adding one bull fed ib inputs, aged th, and given 
Vj cows in the herd. T k is the expected value of 
each calf produced by a cow in the herd, fed 
inputs ic and aged tc, before the addition of the 
new bull. The sum of the bull's impact each year 
is then discounted back to its time of birth. 

The decision to fatten or to retain for 
breeding is generally made quite early in the case 
of males, because very few males are needed for 
breeding and also because the costs of castration 
are lower the younger the calf. Castration 
sacrifices the value of breeding component, and 
generally inhibits growth, but it does make the 
animal more docile, thus reducing management 
costs and the likelihood of future injury. 

9. 	 The sensitivity of an animal's capital value may 
depend on the length as well as the magnitude of 
the change in price expectations. This factor is 
difficult to include in an econometric model 
unless the specific cause affecting the duration of 
price expectations is quantifiable in a simple 
fashion. This is not always the case. However, 
the issue can be important. For example, the 
capital values of both cows and breeding heifers 
depend on the future price of calves, but the 
value of an older cow near slaughter age should 
be more sensitive to a temporary price change, as 
when climatic variation causes a shift in slaughter 
plans, than would be the value of a young 
breeding heifer. Similarly, if producers expect 
devaluation to result in higher inflation and a 
rapid return to the pre-devaluation relative prices, 
they might be hesitant to build up their herds by 
investing in young breeding animals, preferring 
instead to retain older animals for an additional 
period. 

IO. 	 Work by Nores (1972) confirms this. 

11. 	 In Argentina the major breeding area is the 
Salada River basin where drainage and land 
quality are relatively poor. Sufficient pasture for 
the cows and calves is usually available during 
the crucial periods of the year, but grain and/or 
forage crops for year-round fattening normally 
cannot be grown here. Breeding herds are main
tained elsewhere, however, and there is evidence 
that these producers achieve higher calving rates. 
See Jarvis (1969, Chapter 8). 
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12. 	 For dairy animals, capital values of female calves 
will be substantially greater than those for male 
calves. 

13. 	 In a personal conversation, Lucio Reco, then 
director of the Department of Agricultural 
Economics, Ministry of Agriculture, Argentina, 
suggested that this was due not only to a change 
in taste for beef, but also to the growth of the 
vegetable oil industry. Vegetable oil has become 
an attractive and preferred substitute for animal 
oils. Thus, the demand for fat from fatty beef as 
a complementary product has decreased. 

I 

i. 
I· 
•. 

i!. . 
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III. An Econometric Model of the Argentine Cattle Sector 


From the theoretical results of the pre
vious section, we specify an econometric 
model. This model may be used to explain 
the historical reaction of the cattle sector to 
exogenous shocks such as those caused by 
climatic variation and by changes in the 
domestic demand for beef or for other related 
agricultural products. The annual variation 
in herd size and slaughter response are 
emphasized as indicators of producer 
behavior, but the model also explains domes
tic consumption, exports, and the relative 
beef/grain price. Similarly, although the 
emphasis here is on short-run behavior via 
the structural equations, the long-run impact 
response can be determined as well. 

In many studies of the price response of 
various agricultural commodities, single
equation estimates are deemed appropriate 
because of the type of production process. 
Because there is usually a considerable time 
lag between the commitment of resources and 
marketing the product, and because the grow
ing season rigidly constrains the timing of 
production, it is assumed that producers' 
current production decisions have no recur
sive impact. 1 But this assumption is not 
justifiable for cattle production, because pro
ducers' current decisions to increase or 
decrease their herds have immediate impact 
on market prices and hence on future price 
expectations and associated decisions. 2 That 
is, resources are, in one sense at least, less 
rigidly committed than for planted crops, so a 
strong recursive effect should be expected. 
While there is a market for cattle of every 
age, the profitability of the enterprise, given 
the opportunity cost of land and other 
resources, usually depends on holding the 
animal to a particular predetermined age and 
condition. But if conditions change, produc
ers may choose to sell animals any time 
before or after their original target market
ing dates--or they may choose to retain them 
to increase the herd. These options are gen
erally not available for most cropping activi
ties. 3 

A Short-run Model of the Cattle Sector 

To begin, assume that the supply of 
animals is fixed at any point in time, i.e., 

there is a given stock for disposal which can
not be increased momentarily. There are 
three sources of demand for the herd: domes
tic beef consumption <CN, ), beef export (EX,), 
and animal production (H, ). Thus, the exist
ing stock is allocated by the competitive bid
ding of the rival demanders; the herd total 
must equal the sum of the animals demanded 
for each purpose, i.e, the market clears. This 
particular formulation explicitly shows the 
short-run interdependence of the three types 
of demand. The three corresponding equa
tions and their sum: 

CN,=g(PB, ... ) 

EX,=h(PB, ... ) 

H"=f(PB, ...l 

where PB is the price of beef, may be graphed 
as in Figure 7. The intersection of their 
aggregate with the existing stock, H,, deter
mines the market price and the number of 
animals which, at this price, will be 
demanded for each use. Note that in this 
short-run scenario the herd demand slope is 
negative. 

If any of the demand functions shifts 
up, while the other two remain fixed, the 
market price will increase, and vice versa. 
Because of the identity, an increase in one 
component entails a decrease in one or both 
of the other two at the new price. For exam
ple, increased demand for animals by produc
ers must, in the short run, increase the 
market price and reduce the number of 
animals going to foreign and/or domestic con
sumption. 

This short-run picture is useful in 
emphasizing the competitive nature of the 
three different groups which demand cattle: 
The number of cattle destined to a particular 
use cannot increase without a decrease in the 
number going to at least one of the other two 
uses. The simultaneity of the relationships is 
captured through the competitive bidding 
process between consumers and producers 
without the need for a structural slaughter 
equation. The number of animals 
slaughtered is simply the number of animals 
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bid away from producers, because of the iden
tity constraining the three demand equations 
to equal existing supply. Given the size of 
the existing herd, the three demand equa
tions and the price of beef are sufficient for 
system identification because of another iden
tity linking the size of the herd from one 
year to the next through births, deaths, and 
slaughter. 

The description is oversimplified, how
ever, because producers do not send all 
animals to market every day and bid to 
repurchase those they wish to retain. Rather, 
producers select some animals to slaughter 
and keep the rest, acting on information 
about current and future prices and the like. 
That is, producers play a more active role in 
determining slaughter than consumers do, 
precisely because price movements affect 
their expectations and their slaughter deci
sions recursively. Consumers' demand for 
beef is a function of the price of beef; shifts 
in their demand curve are not caused by vari
ations in the price of beef. In contrast, pro
ducers' demand in the intermediate run is 
highly sensitive to the price of beef. Chang
ing prices affect expectations about future 
prices and thereby the desired size of the 
herd. Herein lies the crux of price response 
in the cattle sector. 

Consider the dynamics involved in the 
cattle cycle. A sequential process might 
begin with an exogenous increase in consu
mer demand which raises market prices, 
perhaps inducing some producers to sell addi
tional animals. If it appears that this consu
mer demand shift will endure, the higher 
current prices will be translated into rising 
producer expectations, and, hence, higher cap
ital values for many of the existing animals. 
These animals wiil be withheld from 
slaughter and market prices will rise further. 
This cumulative process will continue until 
the current market prices and the perceived 
capital values are equal. 

The process would also be cumulative in 
a downward direction. Suppose an increase 
in the cost of grains caused producers to ini
tiate the sale of animals. The resulting 
greater supply of beef would cause the price 
of beef to fall, affecting producer expectations 
and reducing the capital (retention) value of 
the animals, causing a cumulative price 
decline. The magnitude of these induced 

reactions depends not only on the shift in 
consumer demand or supply, but more impor
tantly, on how this shift is translated by pro
ducers into higher or lower capital values for 
animals. 

Producers' demand for animals for the 
herd is a function of the current price of beef, 
the expected beef/grain relative price, other 
input costs, climate, and other factors. Basi
cally, it is an increasing function of the capi
tal value of animals, represented by the vari
ables which affect this capital value, and a 
decreasing function of the current market 
price. But it is essentially impossible to 
separate empirically the expectational effects 
caused by the current price, from the demand 
effects of the currect price. Because of the 
large positive influence of the price of beef 
(PB) on the perceived capital value of animals 
(VM(ll), ), the anticipated sign for the 
coefficient associated with PB is positive, 
rather than negative if only the short-run 
impacts are considered. 

A positive coefficient on PB in the herd 
demand equation implies an unstable situa
tion, because with a completely inelastic 
short-run supply curve, any price change is 
likely to lead to cumulative price movements 
in the same direction. But this movement 
will continue only until producers' expecta
tions become inelastic at some price level 
where their demand is satisfied. Producers 
individual demand curves can even be back
ward bending, though this will never be 
observed in aggregate, as is shown in Figure 
8. 

My originally proposed structural model 
of the cattle sector was to have contained a 
stochastic herd demand equation for each of 
the six animal categories, including the total 
number of calves born each year. 4 Foreign 
and domestic consumption equations for each 
category were to have been estimated in 
terms of beef units with these units related 
identically to the number of animals 
slaughtered to yield this beef, given the aver
age slaughter weight of each category. 
Because the type of animals produced for 
export differs from that slaughtered for 
domestic consumption for some categories, 
several of the categories would each require 
two stochastic equations to determine the 
average slaughter weights for domestic and 
foreign consumption respectively. A set of 
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identities would link the animals not 
slaughtered in each category with the 
number of animals desired in the next older 
category the following year, e.g., the number 
of yearlings demanded for the herd in year 
t +1 must equal the number of male calves 
not slaughtered in year t. Finally, a stochas
tic equation would explain the difference 
between the wholesale price of beef, which 
affects producer behavior, and the retail price 
of beef, which affects consumer decisions. 

Because the proposed model was 
extremely complex, and certain necessary 
data were unavailable, a simpler model was 
chosen for estimation. This model, presented 
in Table 2 specifies a separate slaughter 
equation for each category, reflecting the 
desired disaggregation. These slaughter 
equations may almost be interpreted as mir
ror images of the previous herd demand equa
tions, for the parameters affecting slaughter 
are assumed to have an inverse impact on 
producers' short-run herd demand. 5 One 
advantage of the specification is that more 
accurate data were available for slaughter 

than for herd size in Argentina. Thus, the 
model specifying slaughter equations permit
ted the use of the best available data for use 
as dependent variables while the herd data 
were used as independent variables. Also, the 
estimated model is more similar to other 
models of the cattle sector, facilitating com
parisons. 

The model contains 21 equations, includ
ing six identities. For each of the six animal 
categories, there is an equation to estimate 
the number slaughtered. The number of 
calves born is also estimated, but the number 
of animals in each of the other five categories 
is given by the constraints relating the herd 
stocks in two adjacent years with births, 
slaughter, and natural deaths. Two equations 
estimate domestic and foreign consumption 
(export) demand in terms of tons of beef, and 
a final identity equates the beef produced 
from slaughter with total consumption. The 
model satisfies the posterior rank-and-order 
conditions for identification; all the equations 
are overidenti lied. 6 

Table 2 


Summary of the Econometric Model of Argentine Cattle Sector 


T, 

TS1 

wr, 
Y, 

YS1 

WY, 

VQ, 

VQS1 

WVQ, 

N, 

NS1 

WN1 

= q(Xj, .... ) + E~ 

= a 1T1 - f 1(xi, .... ) + <2t 
- j;(xi, .... ) + E3 

t 
= TN1_1 - TND1.1 - TNS1_1 - TB1.1 

= a2Y1 - fi(Xj, .... ) + E4t 
= h<is.....)+ <s, 

- TV1_ - TVD1_ - TVS1_1 1 1 

= a3VQ, - f3(Xj, .... ) + <6 
t 

= h(xi, .... ) + E7 
t 

- Y,_1 - YD1_ - YS1_1 1 

= - fiJS, .... ) + <s,a4N1 

= j4(Xj, .... ) + E9 
t 

v, 

vs, 

wv, 
B, 

BS1 

WB1 

CN1 

EX, 

- VQ1_ VQD1_ - VQS1_1 + V1_1 - 1 1 

vs,_1 - vo,_1 

= asVt -f5(Xj, .... ) + <10 
t 

= j5(Xi, .... ) + E11 
t 

- B1_ - BD _ BS _ + TB _1 1 1 - 1 1 12 

= "6Bt - f6(JS, .... ) + E12, 

= j6(JS, .... ) + E13 
t 

= g(xi, .... ) + E14 
t 

= h(xi, .... ) + E15 
t 

CN1 +EX, - Ts,. wr, + YS,. WY,+ VQS,. 
WVQ1 + NS1 • WN1 + VS1 • 

WV1 + BS1 • WB1 
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Table 2 ( continued)a 

Definition of Variables 


T, = the number of calves born in year t N, = the number of steers in the herd in 

TN, = the number of male calves born in 
yeart 

TV, = the number of female calves born in 
yeart 

TS1 = the number of calves slaughtered in 
year t 

TNS1 = the number of male calves slaughtered 
in year t 

TVS1 = the number of female calves 
slaughtered in year t 

TND1 = the number of male calves dying 
natural deaths in year t 

TVD1 = the number of female calves dying 
natural deaths in year t 

TB, = the number of male calves selected for 
retention for the bull herd in year t 

WT, = the average slaughter weight of calves 
in year t 

Y, = the number of yearlings in the herd in 
year t 

YS1 = the number of yearlings slaughtered in 
yeart 

YD1 = the number of yearlings dying a 
natural death in year t 

WY1 = the average slaughter weight of 
yearlings in year t 

VQ, = the number of heifers in the herd in 
year t 

VQS1 = the number of heifers slaughtered in 
year t 

VQD1 = the number of heifers dying a natural 
death in year t 

WVQ1 = the average slaughter weight of heifers 
in year t 

NS1 

ND1 

WN, 

v, 

vs, 

VD, 

wv, 

B, 

BS1 

BD1 

WB, 

CN1 

EX, 

"; 

yeart 

= the number of steers slaughtered in 
yeart 

= the number of steers dying a natural 
death in year t 

= the average slaughter weight of steers 
in year t 

= the number of cows in the herd in 
yeart 

= the number of cows slaughtered in 
yeart 

= the number of cows dying a natural 
death in year t 

= the average slaughter weight of cows 
in year t 

= the number of bulls in the herd in 
year t 

= the number of hulls slaughtered in 
yeart 

= the number of bulls dying a natural 
death in year t 

= the average slaughter weight of bulls 
in year t 

= the tons of beef consumed in 
Argentina in year t 

= the tons of beef exported from 
Argentina in year t 

= the independent variables included in 
each stochastic equation; each of the 
equations, however, do not contain 
the same independent variables. The 
precise specification of each of the 
stochastic equations is discussed 
subsequently. 

a. 	 The large numbers of variables made the selection of mnemonically satisfactory variable names difficult. As a result, the 
names chosen reflect a mixture of Spanish and English, e.g., Tis Tememo (calf), but Y is yearling; Vis vaca (cow), but B 
is bull. 

21 



Endnotes to III. 


1. 	 Behrman (1967), among others, has studied the 
behavior of marketed surplus, and Nerlove ll958J 
noted that grain producers might decide to aban
don or graze their crops if yields were low or har
vesting costs high. Despite !luch complications, 
planted crop area is usually used as the dependent 
variable in price response studies, even though 
modeling output clearly calls for a more complete 
simultaneous context. 

2. 	 Diaz (1965), Conome ll966J, and Reca ll967J 
estimated single-equation models of aggregate 
beef slaughter which showed a negative short-run 
slaughter response to price. These authors con
cluded that the short-run supply lslaughterJ curve 
for beef must also be negatively sloped. This holds 
if supply is subject to more radical shifts than 
demand, but it is possible that these studies meas
ured the demand curve, not the supply curve--or 
some mixture of the two. Both curves should have 
highly negative slopes. 

Diaz tried to evade the simultaneity problem 
by assuming that the maximum \retail beef) 
prices established by government decree during 
several of the years included in his study substi
tuted an artifical, very elastic consumption 
demand schedule for market demand. But govern
ment policy often changed when the supply forth
coming at the existing fixed price did not equate 
supply and demand. Besides, there was no govern
ment price intervention during much of the period 
studied. Moreover, neither producer demand for 
animals in the herd nor export demand is elastic. 
Prices paid for live cattle, the number of animals 
slaughtered, and the size of herds have varied 
widely; price muvtiu1ents do not appear to be 
independent of slaughter, even within periods as 
short as one year. 

3. 	 Otrera's 1966 model of the cattle sector was not 
only misspecified but was plagued by a problem 
common to all studies of the Argentine cattle sec
tor: inadequacy of the data. In the next section I 
attempt to ovei-come this continuing problem. 

4. 	 Three categories of animals are not homogeneous 
in that they each contain animals of substantially 
different ages: steers, and especially cows and 
bulls. To model this would require three addi
tional herd demand equations to explain produc
ers' demand for older as opposed to younger 
animals in each category; e.g., cows not 
slaughtered one year re-enter the herd as old cows 
the next. The addition presents no theoretical 
problem, although additional constraints would be 
needed to ensure that slaughtered animals are 
attributed to the appropriate category. But accu

rate data on separate consumer demand, domestic 
or foreign, for beef from the various animal 
categories were not available, precluding the esti
mation of separate demand equations for each of 

the three categories. And because the primary 
interest was to determine how producers 
differentiated among animals of different sex and 
age, it was thought insufficient to estimate only 
an aggregate herd demand equation. 

To meet the constraint equating the three 
demand functions to the number of animals avail
able in the herd, the dependent variable in each 
would be the number of animals passing through 
the category during the year, as opposed to the 
number of animals appearing in any point census. 

5. 	 If H/' = the herd desired by producers in ,tear t, 
Ht = the existing herd in year t, and St = the 
slaughter "desired" by producers in year t, rather 
than estimating: 

The model eventually estimated, however, is 
specified as: 

Then the function for H/' becomes: 

H/=0-a1)H,+g(x,,xzl+<t 

which is also a plausible herd demand function. 

6. 	 For simplicity, it was assumed that the margin 
between producer and retail price was constant, so 
only one price was determined by the system. 
Further, because the model was estimated using 
ordinary least squares and instrumental variables, 
the specified constraints were not imposed. 
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IV. The Estimation of Disaggregated Cattle Herd Stocks for 

Argentina, 1937-1967: An Example of the Use of Economic 


Models to Construct Unavailable Data Series 1 


Too often a lack of reliable data 
prevents our testing economic hypotheses of 
interest. Here we discuss how this frequently 
encountered problem was overcome for the 
case of cattle herd data in Argentina. But 
the methodology is more generally applicable. 
Theoretical models were developed to deter
mine how available data ought to be related 
to the desired data. The models were used to 
construct and test the desired data. Then 
additional models and independent informa
tion were employed to adjust for errors 
implied by the testing. 

With the constructed data, the derived 
econometric model was estimated and used to 
explain the historical behavior of the Argen
tine cattle sector. In addition, the data them
selves provided new evidence on productivity 
change and investment in this sector. 

Recall that, in the theoretical section, 
capital models treating cattle as different 
types of capital goods and producers as port
folio managers were developed. These models 
implied that slaughter could be explained as 
a stock-adjustment process, where herd size 
plays a crucial role, and indicated the desira
bility of disaggregating by the age and sex of 
the animals to provide clearer insights into 
producer behavior. Such a disaggregated 
model should be a much more useful predictor 
than an aggregate model, but disaggregated 
herd data were not available for most of the 
period studied; indeed even the aggregate 
herd data were not good. 2 It was necessary, 
therefore, to construct the desired series, 
which required a rather involved procedure. 
The methodology is simple and I believe 
appropriate to the quality of the underlying 
data, but the number of operations is lengthy. 
Only the most important are discussed. 

A Brief Overview of the Process 

Because of the accounting identity con
necting herd size (H) from one year to the 
next with births (B), natural deaths (D), and 
slaughter (S), 

it is possible to construct time series data for 
herd stocks given one benchmark herd census 
and time series for births, deaths, and 
slaughter. Further, given disaggregated data 
for slaughter, mortality rates, and the herd 
benchmark, disaggregated herd data can be 
constructed as well. Argentina possesses 
good disaggregated slaughter data, several 
censuses which are thought to be accurate, 
informal estimates of animal mortality rates, 
but little information on annual calf births. 3 

The most important issue was therefore to 
construct a series for the number of calves 
born annually, using the slaughter statistics. 

The rationale is the following: If we 
know an animal's age at slaughter, we also 
know its date of birth. For example, all male 
calves born in year t are either slaughtered 
as calves before time t+i, slaughtered as 
yearlings between t+i and t+j, or 
slaughtered as steers between t+j and t+k, 
where i, j, and k are months and t+k is the 
economic limit for fattening an animal. A 
very small percentage of male calves, perhaps 
2 percent, is used annually as replacement in 
the bull herd and must be included. And 
natural death from disease or starvation 
must also be considered. 

Because a large percentage of female 
animals enters the breeding herd and 
remains unslaughtered for some years, the 
age distribution of slaughtered cows is less 
determinate, making it considerably more 
difficult to convert female slaughter statistics 
back to female calf births. However, the bio
logical birth ratio between male and female 
calves is known, so it is a simple matter to go 
from male births to female births. The 
resulting constructed calves-born series can 
be combined with a chosen benchmark 
census, the slaughter data, and estimated 
mortality rates through the system of 
accounting identities linking the herd 
categories from one year to the next, to pro
duce the desired disaggregated herd data. 

The resulting herd estimates were first 
checked for consistency against available 
information such as other censuses. Then, a 
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Jarvis 1969.)
much stronger test of the constructed series 

Several factors led me to reject theirwas 	made on the basis of the close relation 
expected between the number of calves born 
and the number of cows and heifers in the 
herd each year. Regression analysis was used 
and confirmed the close relation, but the resi
dual pattern implied that the constructed 
series was not the "true" series. The diver
gence from the time series was stable and 
closely related to movements in the 
beef/grain relative price occurring at the 
time of slaughter. In short, producer price 
response altered the age distribution of 
slaughtered animals, thereby violating one of 
the assumptions used in constructing the 
calves-born series. But this bias was easy to 
estimate so the constructed series could be 
moved iteratively toward the "true" series. 

The Slaughter Data and the Calves-Born Series 
The first stage in obtaining improved 

herd data was to prepare appropriate 
slaughter data. Official slaughter data, col
lected and published by the National Meat 
Council (Junta Nacional de Carnes - JNC), 
are quite good. 4 Slaughter data are reported 
both by the producer selling the animal and 
by the slaughtering institution. There are 
only a few minor discrepancies: sales or 
slaughter not disaggregated by category, or 
animals being reported only in sales but not 
in slaughter or vice-versa. Simple manipula
tions were made to adjust the series for these 
problems. It was thus possible to obtain data 
for total slaughter plus exports-on-foot, disag
gregated by category, for the entire period. 5 

(for details, see Jarvis 1969). 

The next step was to test the reliability 
of these slaughter data. Aldabe and van 
Rijckeghem's (1965) development of simula
tion model of the cattle sector raised an 
important question about the data. In their 
attempt to replicate the historical movements 
in the herd stocks and slaughter, they noticed 
an inconsistency between the official 
slaughter data and the official herd data: 
The herd estimates indicated that the stock 
of cows had remained roughly constant dur
ing the period studied, 1947-1963, but the 
number of steers and yearlings slaughtered 
had steadily risen. They concluded that cow 
slaughter was severely underestimated. (For 
their methodology behind this conclusion, see 

conclusion and proceed to construct improved 
herd statistics. (For details, see Jarvis 
1969).) 6 Probably most important, the official 
herd estimates are quite poor. Improved esti
mates by the Ministry of Agriculture and 
FAO based on a larger sample, disaggregated 
by province, confirmed that the herd was ori
ginally underestimated in 1965 by nearly 5 
million animals. It is unlikely that the herd 
actually increased so rapidly just beween 
1963 and 1967. Rather, by comparison with 
the slaughter statistics, it appears that sub
stantial growth occurred during the entire 
period 1953-1964, instead of no growth as the 
official estimates showed. 

A computer simulation of the cattle sec
tor, assuming reasonable values for the vari
ous mortality rates and the male/female birth 
ratio confirmed that substantially more males 
would show up in cumulative slaughter as 
the size of the herd increased. The test was 
then applied to the actual data in an attempt 
to determine simultaneously whether these 
mortality rates, birth ratios, and herd build
up would be consistent with the slaughter 
figures. This lengthy process is explained 
below. 

First, using the original monthly 
slaughter JNC data, the number of male 
animals born was estimated using a process 
somewhat like Aldabe and van Rijckeghem's. 
However, rather than merely summing calf, 
yearling, and steer slaughter in years t, t+l, 
and t+2, respectively, I incorporated more 
precise a priori knowledge about the calving 
season and the age limits of each animal 
category. Cattle of different age and sex fall 
into different slaughter categories that may 
be defined as: 7 

T: 	 A calf (temero), a male or female animal 
zero to nine months old. 

TN: A male calf (macho). 

TV: A female calf (temera). 

NT: 	 A yearling steer (novillito), a male 
animal, often castrated, 10 to 18 months 
old. 

VQ: 	 A yearling heifer (vaquillona), a female 
animal 10 to 18 months old, too young 
to bear a calf. 
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VN: A breeding heifer (also vaquillona), 19 to 
28 months old and should be bearing her 
first calf. 

V: A cow (vaca), 28 to 84 months old and 
potentially can bear a calf yearly. 

N: A steer (novillo), 19 to 30 months old. 

B: A bull (toro), an uncastrated male, 24 to 
84 months old, used for breeding. 

Most calves are born between August 
and November, but the distribution over this 
time period is not certain. Fertility is 
strongly affected by feed, so a natural cycle 
develops with most cows delivering some nine 
months after pasture conditions peak follow
ing the spring rains. The gestation period is 
nine months, leaving three months for the 
cow to recover after a birth before she 
becomes pregnant again. The Ministry of 
Agriculture estimates that 60 percent of the 
calves are born in the Argentine spring, and 
40 percent in the fall, whereas CONADE and 
INT A both hold that 80 percent are born 
between June and October, just before and 
during spring in Argentina. Aldabe and van 
Rij ckeghem assumed that 2 percent of the 
calf births occurred in each of January, 
February, March, April, and May; 1 percent 
in June and July; 12 percent in August; 30 
percent in September; 25 percent in October; 
15 percent in November; and 6 percent in 
December. This implies 69 percent between 
June and October, but 88 percent between 
August and December. 

Using the slaughter age data and avail
able information on the calving season, I 
computed for each male category, a weighted 
sum of the monthly slaughter to represent 
those animals born in fiscal year t 
slaughtered in fiscal years t, t+l, or t+2. 

First, for male calves: Most calves are 
born during the calving season ( TP) with the 
rest being spread fairly evenly over the other 
months. Further, calves are either sold 
before they are nine months old or they are 
no longer calves. In Figure 9, the period TF 
indicates the months during which the calves 
born in fiscal year t may be slaughtered 
while still calves; the weights represent the 
proportion of calves slaughtered monthly dur
ing TF which are assumed to have been born 
sometime during fiscal year t. The implica

tion is that one-half the calves born in fiscal 
year t and slaughtered as calves are 
slaughtered in year fiscal t+l. 8 

From these weights the sum was: 

n 
CS(jl,='I)w(i lS(jl/l 

i=k 

where CS(j), = the number of animals born 
in year t and slaughtered as j, }= calves, 
yearlings, or steers; S(j l/ = the slaughter of 
animals in category j in month i; and k and 
n depend on the age limits for the category 
such that 

n 

l:w(i)=12, n-k~12, w(i),;;;t. 

For male yearlings, it was assumed that 
none are slaughtered until they reach 14 
months old. The ages at which animals 
change categories are somewhat indistinct, 
but yearlings range from nine to 20 months. 
Calves born in year t and slaughtered as 
yearlings must be slaughtered in the period 
YF in Figure 10. Thus, roughly two-thirds 
are slaughtered in year t+1, and the rest in 
year t+2. 

Steers are assumed withheld from 
slaughter until at least age 22 months, with 
the majority slaughtered at age 29 months-
though some believe steers are older when 
slaughtered. However, the average age of 
slaughtered steers declined steadily through 
the 1940s, 1950s, and 1960s, so it seems likely 
that nearly all calves born in year t and 
slaughtered as steers will be slaughtered in 
year t+2. The period of possible slaughter is 
denoted NF in Figure 11. 

The only other outlet for male calves is 
the bull herd, for which the data are poor. 
However, the number of calves going to the 
bull herd each year is a very small percen
tage of the total born, so a miscalculation 
would have little impact on .the estimate of 
calves born. To estimate the calves withheld 
to be raised as bulls, I calculated the total 
number of calves chosen for the bull herd 
between census periods as the net change in 
stock, plus slaughter and estimated deaths 
for each period. These totals were allocated 
to the individual years of each intracensus 
period, with an inverse relation to the 
number of bulls being slaughtered in that 
year, on the assumption that both additions 
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Fiscal year 

Figure 9 

Assumed Distribution of Slaughter for Animals 


Slaughtered as Calves, born in Fiscal Year t• 


1952/53 1953/54 1954/55 
t + I t+2 

TP 

b 

Calendar year 1955 

TF 
aThe actual years are used as illustration only. 
bThe coefficients in this row show the assumed proportion of calves slaughtered in the indicated month, born in 
fiscal year t. The remaining calves slaughtered are assumed born in fiscal year t-1 or t+ I. 

Figure 10 

Assumed Distribution of Slaughter for Animals 

Slaughtered as Yearlings, born in Fiscal Year t 


Fiscal year 1952/53 1953/54 1954/55 

t + I t + 2 


TP 

Calendar year 1952 

YF 

Figure 11 

Assumed Distribution of Slaughter for Animals 


Slaughtered as Steers, born in Fiscal Year t 


Fiscal year 1952/53 1953/54 1954/55 
t + I t+2 

TP 

Calendar year 1952 1953 

NF 

Figure 12 
Approximate Monthly Age of Each Female 
Animal Cohort at Time of Annual Census 

Age in months of 
female born in 
year t at 
census points, c 
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and retentions would be motivated by the 
same economic factors. The calves withheld 
in year t were considered to become young 
bulls in year t+2. 

Two further adjustments to the data 
were necessary before the male calves-born 
series was complete: mortality calculations 
and the division of calf slaughter between 
male and female animals. First, some calves 
die before being slaughtered. Hence, animal 
slaughter numbers should be multiplied by 
some factor to account for this. Deaths 
depend on (a) the age at which an animal is 
to be slaughtered, i.e., if older, chances of 
natural death are increased, and (b) the mor
tality rates for each animal category which 
also vary from year to year with climatic con
ditions and the level of animal husbandry 
practiced. 9 An index was constructed to 
adjust the mortality rates of the individual 
categories to variation in climate and to the 
level of animal husbandry. This "climatic
vaccination" index, CVI1 , is defined: 

CVI1=0.BCC,+0.2VAC1 ; O<CVI,<l, where 

CC,=(( W,- W)/ W)'I'; and 

VAC1=(HMV1/3H1 ). 

CC, is the percentage deviation from the 
mean of a de Martonne climatic index, W,, 
calculated for the cattle sector. 10 '¥ is an 
arbitrary scalar of four chosen to give CC, 
the desired magnitude of movement relative 
to VAC1 , the percentage of animals vac
cinated against hoof-and-mouth disease, used 
as a proxy for the level of animal husbandry.

:i HMV1 is the number of pharmaceutically
if good hoof-and-mouth vaccines sold in Argen
ii tina during year t, H1 is the number of 

animals in the herd. Because an animal mustI be vaccinated three times a year for the vac
. ' ~ 

cine to be effective, HMV, is divided by' 113H1• 

The movements of CVI, are primarily 
determined by CC,, because of its larger 
weight. That is, seasonal variation on mor
tality rates was thought to be of greater 
impact than the long-term improvement in 
mortality rates with improved animal hus· 
bandry. CC, exhibits greater variation while 
VAC1 shows a strong upward trend indicating 
that the average mortality rate during the 
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study period fell slightly. 

The climatic-vaccination index was used 
in calculating the multiplicative factors to 
adjust the animal slaughter numbers for 
natural deaths. Three series were con
structed to represent the yearly mortality 
rates for three categories: 

cows and calves: 

a 1=0.05-0.02(CVJ1 ); 0.3<a1 <0.07 

yearlings and heifers: 

/3 1=0.03-0.l5(CVI, ); 0.015</31 <0.045 

steers: 

y,=0.02-0.0l(CV/1 ); 0.01<y, <0.03. 

Thus, a 1 is roughly 5 percent per year plus or 
minus 2 percent depending on CV!; /31 is 
around 3 percent and y 1, about 2 percent. 
This symmetrical effect of climate on mortal
ity was made for simplicity even though poor 
climate probably has a stronger effect on mor
tality than good climate (because of the possi
bility of starvation). 

Second, was the problem of dividing 
slaughter between male and female calves. 
No sex distinction is made in the calf 
slaughter records except in the small munici
pal slaughter houses, which handle about 35 
percent of calf slaughter. Some previous 
work in Argentina assumed that male-female 
calf slaughter ratio is 60/40. Census figures 
generally show slightly more female than 
male calves in the herd. If we accept that 
51.4 percent of the calves born are male and 
that male calf death losses only slightly 
exceed those for female calves, about 60 per
cent of the calves slaughtered must be male. 
One of the major packing plants, however, 
indicated that female calves were preferred 
because of their greater net yield per pound 
liveweight. Even though the same price per 
pound is paid for both, packing plant officials 
suggested that they purchased more female 
calves. I adjusted the former information 
downward in light of the latter, and decided 
to use a 52/48 ratio. Because only 5 percent 
of the calf crop is slaughtered, an error in 
this assumption would have a very small 
effect on the constructed herd series. 

The data on male animals born in year t 
and slaughtered as calves, yearlings, and 



steers, CS(j)1, could now be adjusted to esti
mate the male calves born which produce 
each slaughter CB(j )1 , using o:,, (3 1, y,, and 
the male/female birth ratio, assuming the fol 
lowing relationships: 

CBTN,=CSTN,/0-o:,)=CST, /0-o:,)0.52, 

CBY1=CSY1u /[0-o:, )-f31+10-o:, )], 

CBN,=CSN1+1 /[(1-o:, l-f31+1(l-o:,) 

-y, +20-f31+1lO-o:, l l. 

CSTN,, CSY1+1' and CSN1+2, constructed from 
the monthly slaughter data, are respectively 
the male calves, yearlings, and steers 
slaughtered in years t, t + 1, and t +2 which 
were born in year t. Their CB complements 
are the male calves born in year t which pro
duced the actual slaughter; the expressions 
in parentheses represent the percentage 
which lived until slaughter. CST, is the total 
number of calves slaughtered in year t which 
were born in year t, of which 52 percent are 
assumed to be male. Dividing the slaughter 
data for calves, yearlings, and steers through 
by the respective expressions in parentheses 
involving the mortality indices (and by .52 
for calves) yields the CB variables, which 
when summed and added to the estimate of 
the calves going to the bull herd (CBB,) each 
year gives a series for the male calves born 
(CBM) each fiscal year: 12 

CBM, =CBTN, +CB Y, +CBN, +CBB,. 

There were three additional steps before 
this male-calves born series could be used in 
an econometric model: 0) testing the con
sistency of the male and female slaughter 
data to determine whether the cow slaughter 
data appeared underreported, (2) extending 
the fiscal year series constructed for the 
number of male calves born during the period 
1952/53-1962/63 to include the years 
1937/38-1951/52 and 1963/64-1966/67, and (3) 
converting the series for male calves born 
into one for total calves born. 

First, as noted previously, Aldabe and 
van Rij ckeghem suggested that cow 
slaughter is underreported in Argentina. If 
so, the coefficients estimated econometrically 
for the cow slaughter equation might be 
biased. However, it was possible to use the 
male and female slaughter data for 1952-1967 
to test whether the cow slaughter was under

represented. The number of female calves 
born each year could be approximated using a 
procedure similar to that used for males. The 
total number of males and females born over 
time could then be compared. If their 
numbers were approximately equal, once 
adjusted for the male/female birth ratio and 
for the increase in the cow stock during the 
period in question, the cow slaughter statis
tics could be believed unbiased. 

The procedure for estimating the 
number of female calves born was simpler; 
heifers were assumed to be slaughtered at 16 
months, and cows on average, at age seven. 13 

Thus, both heifers slaughtered in year t+1 
and cows slaughtered in year t +6 were con
sidered as born in year t. The total number 
of female calves (CBF1) born in year t is 
found by dividing the slaughter numbers for 
calves (CSTF), heifers (CSVQ), and cows 
(CSV) by their respective factors, calculated 
similarly to those for males, and summing: 

CBTF,=CSTF, /0-o: 1 )=CBT, /(1-o:,)0.48, 

CBVQ,=CSVQ1u /[(1-o:, )-f3,+1Cl-o:, )], 

CBV,=CSV,u /[(l~o:, l-f3,+10-o:, l 

-y1+20-f3t+il0-o:, l+ · · · ], and 

CBF,=CBTF, +CBVQ, +CBV,. 

The comparison of CBF to CBM pro
vided an indirect test of the cow slaughter 
statistics, presented here in abbreviated for111
Disregarding calf slaughter because the 
breakdown for males and females is roughly 
50: 50 and very small relative to total 
slaughter, the cumulative total of the annual 
sum of the CB variables for yearlings, steers. 
and bulls from 1952/53-1962/63, could be co:n:1
pared with the corresponding sum for cow-s 
and heifers. The respective totals are 
70,642,087 and 64,885,787. From the biologi
cal male/female birth ratio of 51.4/48.6, given 
the number of males, we should expect 
70,642,087 (48.6/51.4) = 66,827,414 females, 
or 1,942,000 more than the calculated tota..1
For the slaughter data to be internally cori
sistent, the .herd would have had to increase 
by about five million animals between 
1952/53 and 1962/63, because cows represerit 
a rather constant fraction of the herd, almost 
40 percent. While this magnitude of increase 
in herd size was quite 
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CST 

CSY 

CSN 

CST{ 
0.029 
(0.59) 

CSY,'+1 
0.19 

(6. 79) 

CSN,'+2 
0.47 

(3.84) 

t - statistics are in parentheses. 
c - refers to calendar year data. 

plausible, it was kept subject to confirmation 
by the final herd estimates. Later improved 
herd estimates in fact did show that the herd 
increased by about five million animals dur
ing this period so the test was right on tar
get. The official slaughter statistics were 
thus validated as consistent. Since the male 
slaughter data were not questioned, it 
appears that female slaughter data also con
tain no serious bias. · 

Second, the male calves-born series for 
1952/53-1962/63 constructed above could be 
used to extend the male calves-born series for 
the entire period. Recall from Figure 9 that 
calves born in fiscal year t (1952/53) can be 
slaughtered as calves only in the calendar 
years 1952, 1953, and 1954. The series CST,, 
calves born in fiscal year t and slaughtered as 
calves, was constructed from monthly 
slaughter data assuming a stable relation 
between births in fiscal year t and later calf 
slaughter. Regressing the fiscal year CST 
series on the calendar-year calf slaughter 
data, i.e., CST, on CST,', CST,'+1, and CS7'f+2 , 

for 1952-1963 yielded coefficient estimates to 
use in extending the CBT series. The same 
process was also applied to the yearling and 
steer slaughter data. The results of the 
regressions are shown above. 

Because of the close fit, especially in the 
calf and yearling equations, the regression 
coefficients were used as weights to 
transform the calendar year slaughter data 
into a CBM series for the fiscal years 
1937/38-1951/52 and for 1963/64-1965/66 
period for which monthly slaughter data were 
not available. The three pieces--projected, 
constructed, and projected--may be spliced to 

CST,'+1 
0.925 

(95.23) 

CSYt'+2 
0.81 

(29.04) 

CSN,'+a 
0.55 

(4.50) 

CST.'+2 R2 DW 
0.044 0.99 1.86 
(7.51) 

0.99 1.92 

0.82 2.05 

yield complete series for the study period on 
CBT, CBY, and CBN which when combined 
with CBB yield a male calves-born series, 
CBM,. 

Third, the male calves-born series can be 
converted into one for total calves born (CB,) 
for the entire study period. Consider the 
equation: 

CB,=[(0.52+0.2A,)CBT,+CBY,+CBN, 

+CBB, ll.94552. 

A, is the average proportion of heifers 
slaughtered min.!!s the proportion slaughtered 
in year t:(HS/H-(HS,/H,)). A, was intro
duced to allow the proportion of calves 
slaughtered which are male (0.52) to fiucuate 
with herd size. A, varied between -0.10 and 
0.16 during 1952-1963; the coefficient 0.2 con
verts A, to allow the assumed percentage to 
vary between 0.49 and 0.54--a reasonable 
allowance. The factor 1.94552 is the inverse 
of the proportion of calves born which are 
male (0.514), thus transforming the series 
into one for males and females. 

Construction of the Disaggregated Herd Esti
mates 

The series CB, was then used to con
struct estimates of herd size. Using any 
census year as a bench point, the number of 
animals in every category in every year could 
be calculated by introducing the calves born, 
advancing the previous year's herd stock, and 
subtracting the number slaughtered and the 
estimated death losses. 
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Steers 
Yearlings 
Cows 
Heifers 
Male calves 
Female calves 
Bulls 
Total 

Table 3 
Herd Size by Type of Animai, 1937 Census and Revised Estimates 

Census Estimates 

2,277, 788 3,556,200 
3,184,454 4,329,500 

14,376,765 17,176,700 
4,144,284, 4,164,100 
3,587,596 5,444, 784 
3,852,315 5,148,161 
1,155,070 1,258,500 

32,846,595 41,077,950 

I used the June 30, 1937 census, 
believed one of the best available, but several 
adjustments were still needed This census 
showed a total herd of 33,307,000 allocated as 
in Table 3. My own estimates for the flow of 
animals in the herd during 1937/38 appear in 
the second column. The adjustments were 
necessary because of seasonal variations in 
the various categories, definitional 
differences, and errors in the census. 14 For 
an example of an error: 3,511,610 steers were 
slaughtered in 1937 and 3,422,530 in 1938. 
As there is generally a one-to-one ratio 
between the size of the steer herd and steer 
slaughter during the year, 15 the census 
figures must be too low. The discrepany is 
likely caused by producers who for tax rea
sons hide their animals. Tax evasion in 
Argentina is a well-established custom. Pro
ducers may claim to government officials that 
they slaughter their "entire" steer herd, not 
reporting the animals still held. At any rate, 
there should have been at least as many 
steers in the herd as were slaughtered. 

To correct for such discrepancies, alter
native estimates were made for the number 
of animals in each category based on the 
slaughter series, the calf birth series, and 
later censuses. 16 For example, to determine a 
better estimate of the number of steers and 
yearlings in the herd in 1937, I worked back
ward from the slaughter data. Working from 
the one-to-one ratio just mentioned, N, = NS, 
+ND,, so if NS, and ND, are known, N, can 
be determined. In 1937 /38, steer slaughter 
was 3,482,500. The approximate number of 
steer deaths, estimated from the steer mortal
ity rate ('Y,l calculated for 1937/38 17 and the 
steers slaughtered in that year was 74, 700. 
So the number of steers in the herd in 
1937 /38 was at least 3,556,200. Using the 

same process, there were 3,687,000 steers in 
the herd in 1938/39; from this the number of 
yearlings in 1937 /38 could be determined 
using N,=NT,_,-NTD,_,-NTS,_1: 

steers in the herd (1938/39) 3,687,000 

+yearlings slaughter (1937 /38) 515,100 

+yearling deaths (1937/38) 127,400 

yearlings in the herd (1937/38) 4,329,500 

Thus, my adjusted estimates of the 
number of yearlings and steers in the herd in 
1937/38 amount to almost 2.5 million more 
animals than the official census indicates. 
Part of this is due to the difference between 
point and flow estimates. Because most 
animals remain in a particular category for 
less than a year, the census point figures 
underestimate the number of animals passing 
through the category during a year's time. 
Working backward from slaughter or forward 
from births per year gives the yearly flow, 
which will be larger for some categories than 
the census figures. The remainder of the 
discrepancy results, I believe, from underesti
mation by the 1937 /38 official census. Note 
that the adjusted figures for the steer and 
yearling stocks do not affect in any way the 
herd estimates beyond 1938/39. The herd 
generation process assumes that all the steer 
stock is slaughtered each year and that the 
steer herd is affected only by the number of 
calves born three years prior, not by the size 
of the past steer herd. 
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I also (somewhat arbitrarily) adjusted 
the 1937/38 bull census slightly upward, pri
marily because of the systematic underesti
mation in the other categories. Had the 
census figures for bulls been used instead, the 
numbers would have had to have been 
adjusted during some other period to reach 
the 1966/67 herd level. In any case, the 
yearly additions to the bull herd are very 
small; a different adjustment procedure from 
the one chosen would make a negligible 
difference in the results. 

A more important problem was with the 
definition of heifer and cow herds. A heifer 
in the census statistics is defined differently 
than in the slaughter statistics. Producers 
asked to enumerate heifers usually include 
all female animals older than nine to ten 
months which have not yet calved. As most 
females do not calve until their third birth
day, three-year olds may still be classified as 
heifers by farmers reporting to the census 
although by this time the slaughter statistics 
would have classed them as cows already for 
one year. Consistency between the census 
and slaughter definitions is essential because 
the size of the heifer herd is expected to be 
an important determinant of the number of 
heifers slaughtered. Also, younger heifers 
cannot be used for breeding and will have no 
direct influence on the number of calves born, 
while older heifers will be bred. 

"Breeding" heifers, VN, (those approxi
mately 33-months old at the time of the 
census, which will probably calve in the next 
season) were separated from younger heifers 
not yet ready for breeding, VQ,, in the census 
heifer statistics so that the "breeding" heifers 
could be pooled with the cow herd. The 
number of younger heifers was obtained from 
the previous year's calf herd (TV,_ 1) and 
their slaughter and natural death figures: 

VQ,=TV,_ 1-TVD,_1-TVS,_1• 

This VQ, was subtracted from the total heifer 
numbers reported in the census after adjust
ment to flow magnitudes, to obtain the 
"breeding" heifers; as shown in the following 
example: 

implied very similar numbers for female calves born in 
1936/37. Using the latter, together with female calf 
deaths and slaughter, I determined the number of 
younger, nonbreeding heifers: 

female calves (1936/37) 4,850,100 

female calf deaths (1936/37) -257,200 

female calf slaughter (1936/37) -428,800 

young heifers in herd (1937 /38) 4,164,100 

The difference between this number and the census figure 
after adjustment to flow dimension, 18 was assumed to be 
the number of breeding heifers which would graduate in 
that year to the cow herd. 

I emphasize that most of the difference 
between the official census and my estimate 
of the cow herd is apparent rather than real. 
The stock-flow issue accounts for most of it 
and there was some rearrangement of animal 
categories, especially by my shifting the 
breeding heifers to the cow herds. 

Once the size of the herd in year t is 
known, the determination of herd size in 
future periods is straightforward, using the 
following model: 19 (For new definitions, see 
note 19 on page 42.) 

T',=CB, 

TDt=a't T't=a'tCB't 

TVD,=0.48TD, 

TND,=0.52TD, 

TVS1=(0.48-0.2A )TS', 

VQ1+1=0.486T,-TVD,-TVS, 

The number of yearlings alive in 1937 /38 and the average 
number of female calves from 1937/38 to 1939/1940 NT,+i=0.514T',-TND,-TNS,-BTN', (1-a',) 
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NS1+2=N1+2-ND1+2 

BTr+1=BTN', (1-a '1 ) 

BTD1+1={3'1+1BT,+1 

BTS1=0.1BS"+1 

BN1+2=BT1+cBTD1+1 

B1+2=B,+1-BS"+1-BD,+1+BN,+2 

H,=T,+ VQ,+ V, +NT,+N,+BT,+B, 

VH,=V,+ VQ,_ 

The primed variables are given exogenously 
to this calculation. Of these, the number of 
calves born each year, the mortality rates for 
each category for each year, and the number 
of calves allocated to the bull herd were 
estimated as explained in this chapter. The 
number of animals slaughtered in each 
category each year was known from official 
slaughter statstics. 

The series calculated for the total 
number of animals in the Argentine cattle 
herd, H,, is given in Table ~ together with 
the official estimates H,'. 20 H, is an adjusted 
series of H,, to be explained shortly. The 
estimated series H, shows much larger herds 
than do the official censuses in the years 
1937/38, 1947/48, 1960/61, and 1966/67, but 
recall that H reflects the total animals avail
able during the fiscal year, whereas the cen
suses reflect the number of animals in the 
herd at one point in time. The total number 
of animals available during the year equals 
the number of animals in the herd at the 
beginning of the year plus the total calves 
horn during the year. Unless all calves are 
born during one brief period and the inven
tory is taken immediately afterward, the 
point inventory must be smaller than the 
flow, because slaughter is continuous. 21 The 

composition of the herd varies considerably 
during the year for several reasons: Calf 
births are bunched, the slaughter of different 
categories is seasonal, and most animals 
change categories as they age. 

Considering these several factors, H 
may be adjusted to obtain fl,, the estimated 
number of animals in the herd at the end of 
June, the usual time of the census. It was 
difficult to know exactly what adjustments 
are needed, for the time profile of births, 
deaths, slaughter, and the ages at which 
animals switch from one category to another 
must be considered, but the nature of the pro
cess is clear. The adjustment for calves is 
given as an example. 

Suppose that 35 percent of the calf 
births occur in the first quarter of the fiscal 
year (July - September); 35 percent in the 
second quarter; and 15 percent in the third 
and fourth quarters, respectively, with the 
census taken at the fiscal year's close. The 
number of calves found at the time of the 
census (June 30) relative to the total number 
horn during the year is found using Table 5 
whose vertical sums show for every quarter 
the percentage of the calves born during the 
previous 12 months which are still classified 
as calves. After nine months, the calf 
becomes a yearling or heifer, so an animal 
horn in the first quarter is no longer a calf in 
the fourth quarter. Under these assumptions, 
only about 65 percent of the calves born dur
ing the year are still calves when the census 
is taken at the end of the fourth quarter. 
Subtracting slaughter and death losses, 
leaves only about 60 percent of the calves 
horn during the year that are still around in 
June to he counted as calves by the census. 

The data indicate that some producers 
report animals born during the last 12 
months as "calves," even if they are older 
than nine months; they are thinking of them 
as yearly "crops 11 rather than categorizing 
them as they would be if sent to slaughter. 
Thus, the census shows more calves than the 
time profile adjustment would indicate, hut 
not as many as were actually born. Al; an 
estimate of the proportion of the calves born 
which should app-aar in the census, therefore, 
I chose 0.80 of the yearly flow. 
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Table 4 

Total Estimated Number of Animals in the Cattle Herd in Argentina, 


1936/ 37-1966/67. 

H•( 	 H'( H, 

1936/37 	 33.2 
1937/38 34.3 	 35.6 41.1 
1938/39 	 36.2 42.1 
1939/40 	 35.7 41.4 
1940/41 	 35.7 41.3 
1941/42 	 35.2 42.0 
1942/43 	 36.0 41.7 
1943/44 	 35.4 40.8 
1944/45 	 36.7 42.5 
1945/46 	 37.8 44.0 
1946/47 	 40.0 46.4 
1947/48 41.0 	 41.1 47.7 
1948/49 	 41.1 47.8 
1949/50 	 40.9 47.6 
1950/51 	 40.2 46.7 
1951/52 45.7' 41.2' 	 40.6 47.2 
1952/53 41.2 	 40.4 47.0 
1953/54 43.6 	 42.9 49.9 
1954/55 43.8 	 45.8 53.3 
1955/56 46.9 	 48.0 55.8 
1956/57 44.0 	 48.6 56.5 
1957/58 41.3 	 47.5 55.2 
1958/59 41.2 	 46.0 53.4 
1959/60 43.5 	 45.9 53.4 
1960/61 43.2 	 47.3 55.0 
1961/62 43.2 	 48.6 56.2 
1962/63 41.2 	 47.4 55.3 
1963/64 	 46.5 54.0 
1964/65 46.7 (51.4)b 	 47.3 55.0 
1965/66 	 (55.3)b 49.8 57.9 
1966/67 51.2 (56.2)b 	 51.8 60.2 

H~ = official estimates and censuses. 

H~ =census point estimates constructed in this study. 

Ht= fiscal year flow estimates constructed in this study. 

a. 	 The November JI, 1952 census is usually disregarded in Argentina because it is believed to be strongly biased upward. 
Allegedly Peron wanted to show an increase in herd size in order to enhance the image of his economic policy. Thus. the 
census was taken in November, when the herd approaches its peak size, rather than in June when it is low. But this 
November count is useful. If the 1952 census figures for the major six cattle·producing provinces are summed and 
seasonally adjusted back to June. The estimate is 41.2 million-a number close to my estimate, but still slightly too high. 

b. These numbers in parentheses are the resullS of later attempts to obtain better estimates of herd size based on improved 
and enlarged sampling techniques. The first represents a re-estimation of the herd from the agricultural owner survey of 
September 30, 1965. The next two estimates use data collected on January I, 1966, and January I, 1967, respectively. 

The difference of nearly four million animals in the estimates of September 30, 1965 and Jankuary I, 1966, indicates 
how much the date of the census may affect the results. But the two January estimates show considerably larger herds than 
they had been based on the corresponding Junes, the usual month for the census. It is this difference that my H• series 
attempts to account for. 

The time profile of these new estimates, shown below, indicates that these three official re-estimates, when seasonally 
adjusted, are reasonably comparable with my constructed estimates. 

1964/65 1965/66 1966/67 1967/68 

July-June July-June July-June July-June 

1965 1966 1967 

51.4 55.3 56.2 51.2 -H; 
47.3 49.8 51.8 -H~ 

55.0 57.9 60.2 -H, 
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Table 5 

Percentage Distribution of Calves Born in Quarter i, Still Classed 


as Calves in Quarter j; i, j =I, II, III, IV. 


I II 
35 35 

35 
15 
15 15 

65 85 

The ,other adjustment'!. used were T, 
0.80T,, N'f, = 0.75NT,, VQ, = 0.8pVQ, + 
0.45VN1, V, = 0.90VB1 + 0.45VN1, N, = N,. 
The reasons for the chosen adjustment fac
tors are given in Jarvis (1969). 

The adjustments are intuitively satis
factory, as can be seen by comparing the 
official census H' to my series H, the flow of 
animals through the herd, and my series H* 
the number of animals found in a census 
taken at the end uf the fiscal year. That is, 
the first observation in the series iI, is not to 
be compared with the official census of June 
30, 1937, but with the estimate for June 30 
1938. The herd was very stable during thi~ 
period, so the difference is small in any case. 

The adjustments do not remove the 
entire disprepancy in 1937/38 between my 
estimate H, and the official census, H'. Most 
of the remaining difference is due to underes
timation of the steer herd in the official 
census, and my slight overestimation of the 
calf crop in 1937/38. Note that my adjusted 
estimated is close to the count of the 1947/48 
census which was considered to be very good. 
(The various • series for each of the indivi
dual animal categories are also very close to 
the 1947/48 census estimates.) 

Between 1953 and 196S, my estimates 
differ significantly from the official estimates 
particularly after 1956. Given the manner i~ 
which the official estimates were made, this 
is not surprising. Between 1953 and 1959 
herd size was estimated by comparing smali 
annual samples with the 1952 census results. 
But the 1952 census is believed to be strongly 
biased upward (see footnote a, Table 4). Also, 
the quality of the samples taken each year is 
believed to have gradually deteriorated 
After the Peron administration was 
overthrown in 1955, the difference between 

III IV 
35 
35 35 
15 15 

15 

85 65 

H,' and H, grows markedly. This may have 
been partially due to the desire of the post
Peron governments to demonstrate the inj uri
ous effects of Peron's economic policies on the 
agricultural sector and the necessity for 
changing these policies. 2g As the official herd 
estimates grew progressively worse, so did 
public distrust of the figures; in 1964 the 
estimation process was discontinued. No 
further estimates were made until September 
30, 1965, when data from a national survey 
and registry of agricultural producers became 
available. The resulting estimate (in 
parentheses in Table 4) was about 5 million 
head greater than the 1962/63 figure, with 
much of the increase due to taking the 
census in September rather than in June. 

. With the assistance of F AO experts, 
improved statistical techniques were used to 
estimate herd size using samples taken on 
January 1 in 1966 and 1967. These new esti
mates (in parentheses in Table 4) are thought 
to be accurate. With improved extrapolation 
techniques, an estimate of the herd size in 
June 1965 was made; the June 1967 figure 
was constructed using these techniques and a 
sample taken on June 30. Both of these June 
estimates are quite close to my H, results. 
The difference between the January and June 
estimates in 1964/65 and in 1966/67 confirms 
the occurrence of a large seasonal variation 
in herd size. 

The constructed herd series ii, is also 
consistent with the independent evidence 
available from the government's program 
against hoof-and-mouth disease. Since 1962, 
the government has required compulsory vac
cination of all animals three times a year. If 
the original official herd estimates of 1963 
and 1965 are compared to the number of vac
cinations produced those years, 23 enough vac
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cine was produced to vaccinate 119 percent 
and 111 percent of the herd in 1963 and 1965, 
respectively. These percentages seem unreal
istic, for even in a compulsory program some 
producers no doubt evade the law. In con
trast, my herd estimates imply that enough 
vaccine was produced in these years for about 
95 percent and 92 percent, respectively. 

SELSA, the government agency in 
charge of the campaign against hoof-and
mouth disease, estimated that there were 
about 48 million animals in the herd in 1966 
and 1967 and that about 92 percent were vac
cinated. Th us, its herd estimates are larger 
than the "old" official estimates, but smaller 
than the new ones. SELSA's estimates imply 
that 8 percent of the vaccine was wasted, 
while the new official estimates and my esti
mates imply that only about 87 percent of a 
larger herd was vaccinated. 

However, SELSA did not do the actual 
vaccinating. Producers purchase the vaccine 
and submit forms indicating the purchase 
and the number of animals vaccinated. Once 
the vaccinating process has begun, producers 
tend to treat all of their animals, but may 
underreport the number for tax reasons. 
These likely occurrences resolve the conflict 
between vaccine produced and SELSA's small 
herd estimate. In any event, the amount of 
vaccine produced is wholly consistent with 
the new herd estimates and my ii,. 

A Further Test of the Consistency of 

the Constructed Data: The Estimation 


by Regression Analysis of the 

Number of Calves Born 


Although the overall increase in ii, over 
the study period closely approximates the 
increase reflected in the best official data, 
further checks of consistency were needed. 
The first general check is relatively easy. 
Indeed, I have already shown that my esti
mates imply a male to female birth ratio 
acceptably close to the biological one. Were 
this not the case, significant cumulative 
changes in the estimated herd size (or in the 
size of any component parts of the herd) 
could be affected by varying certain parame
ters, e.g., the magnitude of the various mor
tality rates. But there is still room for error 

in the transition from the point estimates 
being checked to the flow estimates (which 
will be used in estimating the econometric 
model). 

A somewhat more involved method to 
check the herd estimates for accuracy 
involves regression analysis of the relation 
between the number of calves born and the 
number of cows in the breeding herd. For, 
even if the general growth in the herd over 
time were consistent with census bench
marks, yearly estimated fluctuations in the 
herd or in its component parts may not reflect 
the true fluctuations. There is some question 
concerning the age distribution of the 
slaughtered animals and particularly its sta
bility. That is, animals may be slaughtered 
at different ages than were assumed, espe
cially if disturbances cause producers to alter 
the distribution from time to time. Although 
the total animals born during the period 
would still be approximately correct, the 
yearly fluctuation of the herd and its parts 
would be incorrect. 

A strong test of the internal consistency 
of the constructed herd data is to show that 
the number of cows in the herd serves well to 
explain the number of calves born, that is, 
when the former is used as a regressor on the 
latter. The size of the cow herd is itself 
determined by previous calf crops, given 
slaughter (which is known), and it, together 
with other predetermined variables thought 
to affect the calving rate, should explain 
calves born in year t. If not, the test should 
indicate where adjustments in the calves
born series are needed. Details of the pro
cedure may be found in Jarvis (1969). Here it 
is outlined and the final results presented. 

The relationship between calves and 
cows is simply: T,=V,·CR,, where CR,= the 
calving rate. The calving rate in turn is a 
function of cow health and care used in 
breeding. In Argentina, one measure of cow 
health is the weather just before and during 
the breeding season. That is, if the weather 
is favorable, feed is ample, then the cows are 
more likely to be well fed, healthier, and fer
tile. Another determinant of health is medi
cal care. Hoof-and-mouth disease is endemic 
in Argentina and although death losses from 
this disease are relatively small, its impact on 
health, weight gain, and fertility was once 
significant. The vaccination campaign 
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against hoof-and-mouth disease alleviated 
this problem, thus improving the calving rate 
over time. 24 The percentage of the herd vac
cinated against hoof-and-mouth disease was 
taken as a proxy for general improvements in 
the care given the breeding herd. 

Although the multiplicative relation 
suggests estimating an equation linear in the 
logs, the inclusion of additional variables to 
stand in for CR, made a linear specification 
preferable. 

The initial specification was by ordinary 
least squares (OLS): Calves born in t was 
expressed as a linear function of lagged 
values of the cow herd, the weather index 
during the breeding season, and the percen
tage of the herd vaccinated against hoof-and
mouth disease: CB,~ " 1 v,_ 1 +a 2WB,_ 1 
+aaVAC,_ 1+e,. While the cow herd variable 
captured most of the explanatory power, the 
coefficient estimate associated with the 
weather variable carried the 11 wrong" sign and 
the Durbin- Watson statistic indicated the 
presence of positive autocorrelation. To 
correct for first-order autocorrelation the 
second model was estimated using' the 
Cochrane-Orcutt iterative procedure. But 
because residual patterns were the primary 
indicator of specification changes needed, sub
sequent models were estimated by OLS. 25 

Next, the cow herd was divided into 
mature cows at the beginning of t (VB,) and 
replacement heifers (VN, ). Because heifers 
are only two years old when entering the 
breeding herd, most will not bear in t; there
fore, the variable VN, was expected to carry a 
smaller coefficient than that associated with 
mature cows. Contrary to expectations, its 
coefficient was "too large11 and residuals con
tinued to exhibit a cyclical pattern particu
larly after 1950. This pattern appeared to be 
closedly related to movements in the size of 
the herd which, of course, had been affected 
by the economic environment. 

The beef/feed relative price could have 
been "the" omitted variable, as it could induce 
producers to make efforts to increase the 
calving rate. However, if this were the case 
the positive residuals (when the calculated 
calves-born series exceeded the predicted 
values from the equation) should have 
occurred immediately after a large increase 
in the beef/grain relative price. The higher 

relative price would have increased the calv
ing rate, causing the number of calves born 
to also increase; the regression equation 
would underestimate this increase if the vari
able were omitted. Instead, t.he largest posi
tive residuals appeared slightly before the 
largest relative price increases. 

The serially correlated residual pattern 
was, therefore, most probably an artifact of 
the method of constructing the calves-born 
series. The method assumed a stable age dis
tribution of the animals slaughtered in each 
category each year. If these distributions 
varied systematically, so would the resulting 
construct, i.e., if producer response to chang
ing prices affected the age at which animals 
were sold, the calves-born series would be dis
torted. 

To determine the impact that producer 
price response ought to have on the con
structed series, a numerical simulation was 
carried out. The results suggested that a 
price increase would decrease the calculated 
number of calves born, biasing the con
structed series below the true series. A price 
decrease would induce the opposite bias. This 
suggested that a properly specified regression 
ought to include the "future" beef/grain rela
tive price. Given that climatic variation also 
affects slaughter, with poor weather forcing 
slaughter and good weather inducing produc
ers to withhold animals to an older age, 
"future" weather was also included in the 
regression equation. For both future prices 
and future weather, the effect from any given 
disturbance might be spread over several 
years; still, it seemed wise not to constrain 
the effect by a specific lag distribution. 
Instead, future price and weather were 
included under various lag structures, select
ing that forward lag which maximized /i 2 in 
each case. 

While the coefficient on future price was 
significant, the plotted residuals indicated 
that some severe disturbance during 
1958/59-1962/63 was still unaccounted for. 
These were the years when Argentina 
devalued its currency sharply several times, 
severely wrenching agricultural relative 
prices, and stimulating large changes in the 
rate of inflation. To test for structural 
change, these years were excluded, and two 
other changes were introduced. First, 
because vaccination against hoof-and-mouth 
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disease should have secularly increased the 
calving rate, the percentage of animals vac
cinated was introduced. Second, because 
there were important hoof-and-mouth epidem
ics in Argentina in 1943/44, 1955/56, and 
1963/64, which should have affected the calv
ing rate, a dummy variable for these years 
was included. 

A rising proportion of the herd was vac
cinated against hoof-and-mouth disease as 
shown below in Figure 13. The huge jump 
after 1962/63 reflects the initiation of the 
compulsory vaccination program. Still, vac
cine had been available for at least two 
decades so it is possible that the most serious 
direct losses probably had been alleviated by 
1962/63. Accordingly, the hoof-and-mouth 
vaccination variable was changed to its 
square root to increase the relative effect of 
vaccinations before 1962/63 and the equation 
was estimated for the entire period 1937 /38 
through 1967 /68. 

For comparison the shorter period, end
ing at 1958/59 was run. Then the same equa
tion was re-estimated using the hoof-and
mouth proportion rather than its square root 
because the compulsory vaccinations began 
after 1958/59. Statistical results were con
sistently better for the shorter period. Evi
dently the post-1958/59 period of severe 
inflation and severe shifts in relative prices 
altered producer response . 'Ii 26s1gm cantiy. 
Figure 14 shows the pattern of the residuals 
from one equation estimated for the entire 
period: calves born, as a linear function of 
the breeding herd in t, the proportion of the 
herd that was vaccinated, the percentage 
change in the weather index in t-1 (during 
breeding) and its absolute change in t+2, the 
percentage change in the beefI feed price in 
t+2, and a dummy variable for the three 
years with the worst hoof-and-mouth disease 
outbreaks. 

To determine the impact of the rate of 
inflation on producers' decisions, the annual 
percentage change in the cost of living was 
included in several additional specifications 
using alternative forward leads. The 
inflation variable set at t+2 was significant 
only at the 10 percent level when the entire 
period was run, but was never significant for 
the shorter period even though inflation aver
aged nearly 15 percent a year between 1945 
and 1958. 27 Thus, inflation's effect operated 

primarily through relative price changes, at 
least until the more volatile period, 1958/59
1963/64, and even then there is some evi· 
dence that rising prices per se did not play a 
major role. As will be discussed subse
quently, correcting for errors in the calves
born series--and in the herd series con
structed from it--as indicated by the other 
regressions (without the inflation variable), 
resulted in the estimation of an acceptable 
calves-born equation for the entire period. 

There were two reasons for wanting a 
good regression estimate for the estimated _ 
number of calves born. First, if changes in 
the breeding herd explain most of the varia
tions in the estimated number of calves born, 
we obtain a strong indirect test of the 
methods used to construct the number of 
calves born from the original slaughter data 
and also on the method of calculating the 
number of animals in the herd, by category, 
each year. Second, knowing the causes of dis
tortion in the calves-born series, it may be 
corrected and then used in a subsequent 
regression to obtain values which are 
expected to track more closely the actual 
number of calves born. In this way, the herd 
data will also be improved, thus yielding a 
better data base for subsequent estimation of 
the livestock sector model. 

For example, suppose that the equations 
estimated to explain the number of calves 
born are written in the general form: 

CB,=a 1 V,_1+a 2WB,_ 1+a 3 VAC,_, 

-f(P,+; W,+;l+o,, 

where P1 +; and W1 +; represent respectively 
the beef/feed relative price and weather con
ditions in year t+i. Because the function f 
contains significant variables whose effects 
indicate a distortion in CB,, these effects 
should be removed to obtain the actual, 
undistorted (though unobserved) series of 
calves born, CB,. The originally const!ucted 
series, CB, and the actual series, CB are 
related as follows: 

CB,=CB,-f (Pt+i• W,+;l+o,, 

and a good estimate of CB is simply 

CB,=CB,+f(P,+i• Wt+i l+o,, 

where the function f is obtained by using the 
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Figure lJ 

Proportion of Argentine Cattle Herd Vaccinated 


Against Hoof and Mouth Disease, 1937-67 


1937 1945 1962,63 1967 


Figure 14 
 .. 
Patterns of Residuals from Calves-Born 

Equation Estimation Before Accounting 


for Post-1958 Inflation, 1937/38-1965/66 


1961 62 


1960 61 


1965 (1(119.17 .ix 


1958 59 
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coefficients on P:i" '!;nd C1+i from the OLS 
estimate of CB. 8 CB may then be used to 
construct new improved herd estimates. The 
correction process, though, should be done 
iteratively, because the herd estimates 
obtained '!sing CB, were also used to re
estimate CB,. 

After such an extensive specification 
search, however, I had to choose which f(.) to 
add to CB to obtain the improved series. 
Weighing the statistical results led me to 
choose the equation in which calves born was 
fitted to the size of the breeding herd (BH,l, 
the lagged percentage of the herd vaccinated 
(VAC,_ 1), the absolute change in the weather 
during the past breeding season (ii WB,_ 1) 

and in the entire year, two years in the 
future (ii W1+2), the percentage change in the 
future beef/ feed price (%iiP1.12), and a 
dummy variable for hoof-and-mouth disease 
outbreaks (D1 ). The equation, estimated by 
OLS for 1937/38 - 1957/58, was: 

CB1=0.55BH1+9731.09VAC,_1+59.47ii WB1_ 1 
(90.21) (2.37) (1.56) 

-152.68ii W,, 2-8682.59%iiP1+2+0.54D1 
(2.77) (2.15) (2.16) 

where R-2 
= .92, DW 1.50, and t-statistics 

are in parentheses. 

CB was estimated for 1937/38-1957/58 
by weighting the price and weather values in 
t by the coefficient estimates and adding 
them to CB in t. To ensure that this process 
only redistributed calves among the years 
(that is, it did increase or decrease the total 
number of calves born overall), I multiplied 
CB by r.CBI r. CB. 29 

The predicted values of CB for the 
remainder of the study period, 1958/59 
through 1963/64, were obtained using the 
values of the exogenous ( VAC,_ 1), ii WB,_1> 
ii W11 2, and D1 ), predetermined (BH1 ), and 
endogenous (%iiP,, 2) variables in the 
appropriate year, weighted by the coefficient 
estimates. However, two changes were intro
duced in the independent variables. First, 
the vaccination index rose so rapidly after the 
compulsory program began, that the extrapo
lation process caused distortion. To avoid 
this, the trend rate of growth in VAC since 
1945 was used for 1962/63-1965/66. The 
increased rate of vaccination should have had 

some effect, but not as much as the index 
shows in this range. Second, because the 
impact of the hoof-and-mouth epidemics 
appeared to be less in 1955/56 and 1963/64, I 
changed the value of the dummy variable to 
0.5 in these years. 

The resulting CB observations were 
spliced onto the adjusted CB series for 
1937/38-1957/58 to obtain an adusted CB 
series for the entire period. This adjusted 
series was used to calculate new estimates of 
the herd using the model developed previ
ously. Thus, new estimates were also obtained 
for the breeding herd (BE:[) and its com
ponents, mature cows (VB) and replacement 
heifers ( VN). 

These new herd series were used as 
independent variables to estimate equations 
in which the original CB and the adjusted 
CB, were used alternatively as the dependent 
variable. An iterative process was continued 
until the difference between the estimated 
coefficients of an equation using the original 
series and the adjusted series was no longer 
significant--this occurred in the first itera
tion. 

Equations using the original <;B series 
and the adjusted BH (and VB, VN J series 
performed much better statistically when 
estimated over the entire period than had the 
original versions. Thus, much of the problem 
in the earlier regressions for the 1958/59
1963/64 period must have been due to dis
torted herd data. This hypothesis is supported 
by the absence of any difference between the 
earlier and later periods in the behavior of 
the equations estimating slaughter and aver
age slaughter weight for each animal 
category, which use the improved data. 
These equations are discussed in sections V 
and VI. 

As a final test, the CB series is used 
with the fully adjusted BH variable. The 
coefficients on future price (%iiP1 , 2) and 
weather (ii W,, 2 ) became insignificant, indi
cating that the distortion has been accounted 
for. All other coefficients, except weather 
during breeding (ii WB1_ 1 ), were highly 
significant: 

CB,=0.529BH, +112482.38VACX1-1 + 
(84.52) (5.17) 
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4783.49~ WB,_1+40.84~ W1+2 + 
(1.31) (0. 77) 

1090.58%~P, , 2-12288.56DX1 
(0.27) (3.76) 

where VACX,_ 1 is the VAC variable until 
1961/62 and the 1949-1966 trend thereafter; 
DX,=1 for 1943/44, OJi in 1955/56 and 
1963/64, = 0 otherwise; R"=.953; DW = 2.34; 
t-statistics are in parentheses. The strong 
relation between the constructed calves-born 
series and the herd data gives strong support 
to this method of generating cattle herd stock 
statistics for Argentina. 30 31 

Summary 

The periods of herd growth and of 
decline indicated by the final estimates, H, 
are intuitively satisfactory, though different 
from the official figures. Both my estimates 
and the official data show nearly identical 
increases from '1937/38 to 1947/48, 
significantly different movements during the 
next decade, and similar increments 
thereafter. Looking back at Table 4: The 
herd was constant during the early war 
years, 1938/39-1943/44, and then rose rapidly 
(5. 7 million) to the end of the postwar boom 
in 1947/48. The next few years were station
ary; British beef purchases fell considerably 
after 1947, but the Korean War spurred 
demand by other countries. The Argentine 
droughts in 1950/51 and 1952/53 prompted 
herd reductions in these years. 

Meanwhile domestic consumption rose 
almost monotonically, from 5 million animals 
in 1942/44 to 8 million animals in 1950/51, 
and exports fell from 2.3 million to 1 million. 
By 1952, Peron recognized that policy revi
sion was needed. Discrimination against 
agriculture to provide funds for industrializa
tion was slowly but surely forcing capital out 
of agriculture; labor was leaving the rural 
areas for this and other reasons; and the fall 
in the real price of beef had increased domes
tic consumption beyond acceptable levels. 

The announcement of new agricultural 
policies in 1952 and the ouster of Peron in 
1955, coupled with a large increase in the 
beef/grain relative price in 1951 and 1952 

gave rise to a new period of growth for the 
cattle sector. Between 1952/53 and 1956/57 
the herd rose by 7.6 million head to a new 
high of 48.6 million animals, on a census 
point basis. The greatest difference between 
the rate of growth in the official statistics 
and my estimates occurs during these years. 
The official estimates show that the herd rose 
by 5.7 million from 1953 to 1956, and then 
fell by 5.6 million from 1956 to 1958. In con
trast, my estimates rise by 7.6 million from 
1952/53 to 1955/56, and fall by only 2.1 mil
lion animals from then until 1958/59. 

In both series the herd remains rela
tively constant after this date, fluctuating 
from year to year during the tumultuous 
years 1958/59-1963/64; then it begins to grow 
again, adding about 5.3 million animals by 
1966/67. 

It is clear from either series that the 
Peron administration favored the cattle sec
tor relative to grains. This is ironic for Peron 
frequently spoke of reducing the power and 
wealth of the landed elite, while his policies 
discriminated more heavily against the grain 
farmers who were much smaller in size and 
wealth. Perhaps he was not strong enough 
politically to directly attack the cattle barons. 
At any rate, during his administration, the 
aggregate cattle herd increased by 28.8 per
cent or by 10.4 million animals. 

The calves-born equation results indi
cate that the withholding of cows and heifers 
from slaguhter, to increase the breeding herd, 
rapidly increases the number of calves born. 
Thus, the short-run negative response of 
slaughter to price ultimately results in 
greater future slaughter. The equation also 
demonstrates (via its proxies) that the calv
ing rate is reasonably stable from one year to 
the next, suggesting in turn the possibility of 
predicting rather accurately the changes in 
the calf crop when the breeding herd is 
increased or decreased. 

Weather was a more important deter
minant of the calving rate at the beginning 
of the period studied, but was never as impor
tant as expected. Even during the earlier 
period, weather variation caused no more 
than a 3 percent change in the calving rate. 

My estimates put the calving rate per 
cow, defined as the number of calves born 
during year t divided by the number of 
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mature cows in the herd at the beginning of 
year t, at approximately 72 percent during 
the mid-1960s. See Appendix V. These esti
mates are close to those provided by other 
sources. For example, INTA estimated the 
calving rate in the Pampas breeding area in 
1958/59, 1961/62, and 1964/65 as 70, 74, and 
76.2 percent, respectively. My estimates of 
69.6, 71.7, and 72.4 percent for these years 
are close and show the same monotonic 

4.increase. 32 My estimates also suggest that 
the calving rate rose from 64 percent in the 
late 1930s to 70.4 percent in the mid 1950s. 
Most of the increase took place between 
1947/48 and 1955/56, the latter part of the 
Peron administration. Except for 1937/38
1943/44 when the calves-born figures appear 
first too high and then too low, the increase is 
nearly monotonic. This increase is highly 
correlated with the percentage of the herd 5. 
vaccinated against hoof-and-mouth disease, at 
least until the beginning of the compulsory 
program in 1962. But since then the rate of 
increase has slowed markedly suggesting that 
other factors, such as increased supervision of 
the breeding process, better pasture manage
ment, other types of vaccinations, have not 
yet played a major role. 

Endnotes to IV. 

1. 	 A version of this section was presented at the 
winter meetings of the Econometric Society, New 
Orleans, December 1971, and was published in 

6.
Spanish as "Un ejemplo del uso de modelos 
econ6micos para la construcfon de datos no 
disponibles: la estimaclon de la existencia de 
vacuno disagregado en Argentina 1937-1967." 
EconOmica, (1) Enero-Abril, 1973. 

i. 	 For one attempt to overcome faulty herd statistics, 
see Yver, 1965. Although his method produced 
estimates indicating the secular trends in the 
aggregate herd size, they were not sufficiently 
accurate to yield reliable estimates of the parame
ters of an econometric model. 

3. 	 There are no good statistics for the number of 
calves born each year. Producers do not regularly 
report births to any statistical agency and only 

7. 
occasionally have national agricultural censuses or 
sample estimations focused on births, deaths, or 
movement of animals within the agricultural sec
tor during the year. The censuses and herd esti· 
mates are generally concerned only with the 
number of animals existing at the moment of the 

investigation. Therefore, except for periodic sam
ple estimates or the conventional wisdom, there is 
no information about the trends in the calv1ng 
rate or the mortality rate, let alone the effect of 
climate or disease on births, deaths, and herd 
movements. To help combat hoof-and-mouth 
disease, producers are required to purchase a low
cost permit before moving animals from one par
tido lcounty) to another. Unfortunately, these 
data are not assembled in a form usable for study
ing general animal movements over time. 

The JNC is financed by a tax on all slaughtered 
animals, thus ensuring its financial independence 
and solvency. Accordingly, slaughter statistics are 
carefully collected and reported. In contrast, the 
Ministry of Agriculture, responsible for the official 
herd censuses, suffered from the general starvation 
of funds to the agricultural sector with the result 
that two herd censuses and particularly the 
interim herd estimates are quite bad during much 
of the study period. 

The JNC data are on a calendar year basis for the 
entire period and on a monthly basis, for most 
animals slaughtered, for 1952-1966. Because the 
natural cattle year corresponds to the fiscal year, 
and because the official herd censuses and esti· 
mates are usually taken on June 30, I constructed 
fiscal year slaughter data for the entire period first 
by averaging the calendar year data across years 
for 1952-1966 and then using regression analysis 
to obtain weights to transform the annual calen
dar year data for 1937-1951 and 1963-66. This 
resulted in some smoothing of the data, particu· 
larly for the earlier period, but its effect seemed 
minor. Further, this manipulation did not affect 
in any way the data used to construct the calves
born series. The methodology and results are 
reported in Jarvis {1969). 

Besides taking the official herd statistics too 
literally, Aldabe and van Rijckeghem used a 50:50 
ratio of male to female birth rates in their calcula
tions rather than the biological average ratio of 
51.4:48.6. Also, they assumed a 5 percent mortal
ity rate for cows and a 3 percent average mortal· 
ity rate for all other animals, but then calculated 
the difference in male and female deaths as 2 per
cent of the cow herd. Because there are more than 
twice as many cows and heifers as steers and year
lings in the herd, this severely underestimated the 
difference between the mortality figures for male 
and female animals; (0.05(2X)-0.03(X)) is 
not equal to (0.02(2X)). 

The definitions are based mainly on those of 
CONADE, the National Developmer.t Council, and 
INTA, the National Institute of Agricultural Tech
nology, though there are some definitional 
difficulties. For instance, whether a male animal 
is to be classified as a calf or a yearling, a yearling 
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or a steer, is sometimes affected by weight and 
appearance as well as age. The Ministry of Agri
culture considers females to be heifers luaquillo
nasJ until age two years, and then cows; CON ADE 
and INTA consider the change to occur at three 
years instead. 

8. 	 As the calving season occurs at the end of the 
calendar year, it is very unlikely that the calves 
slaughtered within a given calendar year were 
born in that same calendar year, yet Aldabe and 
van Rijckeghem worked under this assumption. 
Henceforth, reference is to fiscal year unless other
wise noted. 

9. 	 Estimates of the category mortality rates vary. In 
1956, CON ADE estimated 3.0 percent for cows; 2.0 
percent for heifers; 2.0 percent for bulls; 0.4 per
cent for steers; and 4.0 percent for calves, while 
Aldabe and van Rijckeghem used the following: 
cows, 4.0 percent; heifers, 2.5 percent; steers, 2.0 
percent; yearlings, 3.0 percent; calves, 9.0 percent. 
These latter rates are those from other sources 
received in personal communication, but the calf 
mortality rate appears too high. One difficulty is 
to know whether calves born alive but dying 
within a few days are counted among the deaths 
or merely not counted as live births. 

10. 	 CCt is a nonlinear climatic index that attempts to 
capture the interdependence of monthly rainfall 
and temperature based on observations at 37 rural 
observatories. The construction of Wt and CCt is 
explained in Appendix 111. 

11. 	 Because the number of animals in the herd each 
year was not known, I used the official estimates 
at this stage. Then, later I recalculated CVI 
using my constructed estimates of the herd. This 
type of iterative process was used whenever the 
original data differed substantially from the final 
estimates. 

12. 	 The series computed for the annual climatic varia
tion, the climatic-vaccination index, the yearly 
mortality rates for each class, and the resulting 
factors used to divide the slaughter data to yield 
the various calves- born series, are shown in 
Appendix III. 

13. 	 Although the method used for females is less accu
rate than that for males, over a long period, the 
error should be small. Because the female calves 
born in 1962/63 would not be slaughtered as cows 
until 1968/69, I extrapolated assuming constant 
cow slaughter for 1967/68 and 1968/69. The con
clusion regarding the accuracy of the cow 
slaughter statistics was not affected by the extra
polation since the same conclusion was reached 
using totals only through 1960/61. 

14. 	 Reca {1967) first mentioned the necessity to make 
such adjustments. The only permanenl effect of 
the original census on my subsequent herd esti
mates is on the cow and bull categories, where the 
annual additions and substraclions to the herd via 
births and deaths are made to a non-zero base. 

15. 	 Yearlings which pass into the steer category are 
usually fattened for approximately one year before 
slaughter. Slaughter throughout the year is rea
sonably continuous. Hence, the number of steers 
in the herd at any one time bears a close relation 
to the total number slaughtered during the year. 

16. 	 There are many ways to check the internal con
sistency of any assumptions and the associated 
results ·because of the system of idenlities connect
ing the static and dynamic behavior of the caltle 
sector. In all cases, I attempt to use what I con
sider the most reliable data lo ·adjust and test 
what seems implausible. For example, the 1967 
census is more consistent with the 1967 slaughter 
data than are the earlier censuses. This fact 
implies that the earlier censuses underestimated 
herd size. 

17. 	 NS=N(l-y,J. ND=<NS /1-y,J·y,. 
18. 	 Examination of the unadjusted census figures for 

1937/38, 1947/48, and 1966/67, and the con
structed series for calves born for the same years, 
indicated that the calving rate was the highest in 
1937/38, dropping to its lowest in 1947/48, then 
rising again to its next highest in 1966/67. But 
the calving rate is more likely to have increased 
monotonically over the period. Because the 
implied calving rate seemed too high in 1937/:38, 
the cow stock was increased enough to reduce the 
calving rate to the 1947/48 level. This increase in 

the beginning cow herd will increase the total 
herd in every year thereafter by nearly as much 
(mortality is proportional to the herd size/. This 
will not affect significantly the year-to-year 
fluctuations in the herd, but it will reduce the 
implied calving rate. 

19. 	 Note that the variable CBt becomes Tt· Other 
variables, not previously defined are: 

VNt= number of breeding heifers in the herd 
in year t 

VBt= number of cows retained from the cow 
herd in year t-1 

BTNt= 	number of calve!'.l allocated to the 
bull herd in year t 

BTt= number of yearling bulls in year t 

BTDt= 	number of yearling bulls dying in 
year t 
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BTSt= number of yearling bulls slaughtered 
in year t 

BNt= number of three-year-old bulls joining 
the bull herd in year t 

VHt = total number of heifers and cows in 
the herd in year t. 

20. Results of the calculations for the various disag
gregated series are available from the author. 

21. Most official censuses were taken at the end of 
June when the herd reaches its yearly low just 
before the calving season. At this time the cull 
cows and many steers, unwanted heifers, and so 
forth have been sold and the new calves have not 
yet arrived. Because most of the calves are born 
during the first part of the fiscal year, the herd 
reaches a maximum in November or December 
and then decreases steadily until the calving sea
!>on begins again the following August. 

22. For example, the official 1959/1960 herd estimate, 27. 

taken after a very large devaluation and a pro 28. 
fessed change in agricultural policies, shows an 
increase of 2.3 million animals from the previous 
year, although the devaluation occurred too late to 
affect the calf crop in 1959. My own estimate 
indicates that the herd continued to fall until the 
next year. See the calves-born series, where 

T1959/l960 is smaller than T1958/59· So is the 
cow stock. The issue is not whether more animals 
existed, for my estimates do show more than 43.5 
million animals in 1959/1960. However, the 
official estimates underestimated the herd for 
several years prior and the question is how, using 
the same methods and without an improved census 
as a base, they could show a substantial increase 
in the herd when it appears in fact to have been 
falling. See Jarvis t1969J for an anecdote explain
ing the 1960/61 discrepancy. 

23. The statistics used are those for vaccine which has 
passed the government quality control tests; they 
do not include the rejected vaccine--enough for 
another 7 or 8 million animals lSalces 1967 J. 

29. 
24. Other diseases, such as brucellosis lcontagious 

abortion), also affect the calving rate, but there 
are no vaccine statistics available. 

25. Several of the variables used as "independent" 
explanatory variables in this and following regres
sions, especially the herd and price variables, have 
errors that are surely correlated. with those associ
ated with the "dependent" variable. Nonetheless, 
OLS was used for simplicity. 

26. Major devaluations occurred between 1958/59 and 
1962/63, and an increased rate of inflation fol
lowed immediately. Toward the end of 1958, herds 
were being liquidated because of poor profit expec
tations. The huge devaluation prompted a sharp 

reversal, and the herd rose by about 2 million 
animals during the next two years. By 1962/63, 
however, the price gains of the 1958/59 devalua
tion had been more than eroded and liquidation of 
the herd was again in process. Argentina 
devalued the peso again in 1963, but because of a 
large export tax imposed on beef, this had very lit
tle effect on the beef/ grain relative price. Only in 
1964 and again in 1965 did the relative price 
increase. 

Slaughter actually increased in 1963 after the 
devaluation, suggesting that producers expected 
another inflationary period and a falling 
beef/grain relative price, as had followed the 
1958/59 devaluation, and decided to take advan
tage of the high prices while they could. However, 
when the relative price rose after 1963, the liqui
dation stopped and the herd rose rapidly again. 
The average beef/grain relative price during the 
years 1964/67 was 5.1, compared to the previous 
25-year average of 3.5. 

Inflation during 1959 was 115 percent. 

The use of herd data which have been adjusted 
using price movements, to subsequently determine 
the price responsiveness of producers involves 
potential circularity. This is a problem. However, 
I believe the approach followed produces more 
accurate results than any known alternatives, 
given the necessity to adjust the data. Errors in 
the data which are related to prices will exist 
unless the method of constructing the herd esti
mates can ensure that animals are assigned the 
proper birthdate. This seems nearly impossible 
given data available. However, although there 
will be errors in the constructed data, the errors 
should be as small as possible. In particular, 
because there is known to be a bias related to 
prices, it is better to correct the data for this bias 
than to leave the data uncorrected. Ultimately, 
the relationship found between calves and the 
breeding herd is felt to provide a rigorous test of 
the data. This equation is also an important part 
of an econometric model of the cattle sector. 

CB was not constrained so that the number of 
animals born within short periods was always the 
same. This may have introduced some bias, for 
the results indicate more animals being born just 
before World War II, and fewer during the war, 
than I believe reasonable. As the herd was smal
l~t during these years, the linear adjustment to 
CB made by adding f may have shifted too 
many animals from one year to another. However, 
the price variable P used in f, does not show 
strong serial correlation. There is only one period 
when the price moved in the same direction for 
four consecutive years: during the first four years 
when the reported distortion appeared to exist. 
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30. 	 Yver ll971J attempted to recalculate the herd 
stocks produced here. Using data from Kohout 
t 1969J on the relation between age and weight for 
animals in Argentina, Yver suggested that the 
slaughtered animals are slightly older than I have 
assumed. He uses a fixed age distribution 
LhroughouL and does not consider either historical 
or cyclical changes in the age distribution of 
slaughtered animals. This procedure results in 
data which provide uniformly poorer results, 
judged by the usual statistical tests of 
significance, for both the calves-born equation and 
the other equations in the cattle sector model 
which utilize the constructed data. 

Yver is correct that the weights of the 
slaughtered animals could be used to determine 
their respective ages, but while this is practical 
for secular changes in the slaughter ages of 
different animal categories, it is not practical for ). 
cyclical changes in the slaughter ages. The data I· 

available provide only the average slaughter
weight of animals, and it is extremely difficult to i"

1· 
determine how cyclical changes in this average 

are related to changes in the speci fie age distribu
 Ition of slaughter. It was precisely the lack of indi

I
I 

vidual data on slaughter-weight which lt:!tl Lu Litt:! 
c 

monthly assignmenL of slaughtered animals in the 
construl!tion of Lhe series of calves born. I do 

II , 
believe, however, that some adjustment should l
have been made for secular changes in the age

weight relation, this has not been constant 
 I
throughout the period studied. 

31. 	 For si1nplicity, only the improved estimates of the I
herd data are shown in Table 4. Thus, if is shown 
has H. The unimproved herd data are available I 
from the author. 

32. 	 Both INTA's and my increased calving rates I 
confiicl with some in Argent.ina who hold that I 

ithere was little or no such increase tFienup, Bran	 r----·~-
1 • 

non, and Fender, 1969J. 

i
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V. The Specification and Estimation of the Slaughter 

and Average-Slaughter-Weight Equations 


A theory of cattle producer behavior was 
developed in Section II and used to design a 
structural model of the cattle sector in Sec
tion III. Then, in Section IV the data 
required to estimate the model were con
structed. Now, the slaughter and average
slaughter-weight equations are specified and 
estimated. 

The most important independent vari
ables entering the various slaughter equa
tions are prices, climate, and stock level in 
the particular category, but several other 
variables that could affect producer expecta
tions will also be considered: changes in 
nonfeed relative prices, e.g., changes in the 
real wages of agricultural workers; the rate 
of change in inflation--reflecting changes in 
the rate of discount of producers; an index of 
wholesale rural to wholesale nonrural goods-
representing the intersectoral terms of trade; 
and devaluation-- representing expectational 
effects not immediately reflected in relative 
prices. Each of these variables should have 
similar effects in the various category 
slaughter equations, at least in the short 
run. 1 For example, an increase in the 
beef/grain relative price, or improved 
weather, should, ceteris paribus, cause an 
immediate decrease in slaughter in every 
category, although the slaughter elasticities 
will differ across categories. 2 

Note that producers apparently 
slaughter a relatively constant proportion in 
each category each year. As a result, the 
coefficient on the total herd variable in each 
category estimates the average rate of 
slaughter in that category, while the 
coefficients associated with the ot!J.er 
independent variables estimate the degree to 
which this rate of slaughter varies from year 
to year. 

General Notes on the Slaughter Equations by 
Animal Category 

Steers. Given the technical and price 
relations holding in Argentina, no steer is far 
from his time of slaughter. As a result, 
although the immediate price response should 

be negative, changes in price expectations 
should not have a large impact on steer 
slaughter in the short run. The theoretical 
production model indicated that an increase 
in the beef/grain relative price will increase 
the optimal slaughter age. It will do this for 
living animals as well as for the yet unborn. 
Hence, animals nearly ready for slaughter 
will have this date postponed. This postpone
ment of slaughter must reduce the number of 
animals slaughtered for a time; the slaughter 
flow of steers will gain and pass its former 
level only after the number of animals being 
fattened as steers has been increased. Figure 
15 illustrates the point: 

Figure 15 

S, is the daily slaughter of steers over time. 
After a price increase, the flow is altered: s· t 

falls. Even if by the end of the year, the 
daily slaughter rate S', has risen above S,, 
total yearly slaughter should be smaller, i.e., 

f.1 
S',dt < f. 's,dt. 

Thus, the coefficient on price in the steer 
slaughter equation will be negative unless 
expectations are inelastic, yearlings withheld 
from slaughter can be slaughtered as young 
steers within the year, or an increase in steer 
slaughter is prompted by other factors. 

A similar, though even smaller, effect is 
expected from weather change variables. 
While improved weather will make more feed 
available, lowering the opportunity cost of 
maintaining a steer and prompting retention, 
it does not change the long-run desired 
number of steers. A lower slaughter rate 
now increases the average age distribution of 
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steers in the herd and should result in a 
higher slaughter rate later when the herd 
returns to the normal age distribution. 

Yearlings. A price increase will reduce 
yearling slaughter in the short run, but the 
long-run effect of a sustained higher price 
will depend on whether it increases the flow 
of calves more than it changes the composi
tion of slaughter. If the price increase comes 
from a shift in the demand for quantity, not 
quality of beef, the composition of slaughter 
will not be greatly affected and yearling 
slaughter is likely to increase. But the 
higher beef/grain relative price also increases 
the "least cost per pound" age, reducing the 
premium on beef from older animals which 
could prompt withholding more yearlings 
until they become steers. Better weather 
should also reduce yearling slaughter. 
Because calf slaughter is relatively minor, 
there are fewer calves to withhold to yearling 
age than there are yearlings to hold to steer 
age. Hence, as more food becomes available, 
yearling slaughter will fall. 

Calves. Calf slaughter will be reduced 
in the short run both by an increase in rela
tive price and by improved weather, particu
larly if the changes are too late to affect the 
number of calves born. 

Cows. Cow slaughter should be sharply 
reduced in the short run by a relative price 
increase, provided that the increase is 
expected to last long enough to affect the 
value of the calf crop. Because the discre
tionary supply of heifers Is always small and 
heifers must mature before being bred, an 
increase in the desired breeding herd must 
always be partially met by reducing cow 
slaughter in the short run. When heifer 
replacements mature, older cows will be 
slaughtered along with cows of "normal" 
slaughter age, temporarily increasing the 
rate of cow slaughter. Similarly, improved 
weather will prompt the retention of cows as 
extra feed becomes available, but the effect 
will neither be large nor long lasting. 

Heifers. Heifer slaughter will be 
reduced in the short run by a relative price 
increase, as more are withheld for the breed
ing herd. The rate of heifer slaughter will be 
reduced until the breeding herd is of the 
desired size. Because the supply of discre
tionary heifers is small, this adjustment will 

require several years. 3 Improved weather has 
only a relatively temporary influence on the 
sustainable breeding herd, so it should not 
cause the retention of more heifers for 
breeders, although there may be some effect 
in temporarily increasing the heifer 
slaughter age. 

Bulls. In the short run, bull slaughter 
should be reduced by a relative price increase 
proportionately more than for cows, because 
bull supply is more inelastic in the short run 
and because demand for bulls for breeding 
use will increase. 4 If the relative beef/grain 
price rises, the demand for bulls will increase. 
Bulls will be withheld from slaughter both to 
complement the increased cow breeding herd 
and to increase the calving rate. 

Technological change, such as artificial 
insemination or a more supervised use of 
fewer bulls, may reduce the number of bulls 
required per cow, so the slaughter rate of 
bulls will rise until the desired smaller bull 
herd size is attained. 

Specification of the Slaughter- Weight Equations 
by Animal Category 

Although average slaughter weights 
vary only moderately from year to year, the 
explanation of this variation, both through 
the cattle cycle and over longer periods will 
provide a more accurate indication of the 
quantity of meat produced by slaughtering 
animals in the various categories. The most 
important independent variables in these 
equations are again prices and climate, but 
their expected effects are not always clear. A 
certain change that affects the weights of 
individual animals may have a different effect 
on the average weight of slaughtered animals 
because the change may alter the type of 
animals slaughtered. Recall that the theory 
indicated that individual animals will be fed 
to heavier weights when the beef/feed ,rela
tive price rises, and probably when the 
discount rate falls or the weather improves. 
However, if the weights of animals within 
the herd are not homogeneous and if a cer· 
tain change induces producers to slaughter 
animals of a particular type, the average 
slaughter weights could vary inversely with 
individual animal weights. 
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Heifers. This inverse relation between 
average slaughter weights and individual 
animal weights is especially likely with dual 
purpose animals, such as heifers which may 
be either fattened and slaughtered or 
retained for breeding. When the beef/feed 
relative price rises, it becomes more profitable 
to feed heifers longer before slaughter, but 
more heifers are also desired for the breeding 
herd. The net effect on the average slaughter 
weight depends on which heifers are withheld 
for breeding purposes. Experimental farm, 
extension workers, and beef experts advise 
keeping the healthiest, largest, and fattest. 
So the change in the average heifer slaughter 
weight depends on the current weight distri · 
bution of heifers, the number of additional 
heifers withheld for breeding purposes 
because of the price change, and the propor
tional change in individual slaughter weights 
resulting from the price change. 5 

For example, suppose the distribution of 
heifer weights were normal so that before the 
price increase one-half were being 
slaughtered each year. If, because of the 
price changes, only the lightest one-fourth 
was sold, the average slaughter weight would 
drop-·unless the price change induces produc· 
ers to feed animals for slaughter to heavier 
weights, 6 offsetting the other effect. 

Cows. A price increase, and a 
corresponding increase in the size of the 
desired breeding herd, will have a similar, but 
smaller effect on the cow average slaughter 
weight. A price increase will induce produc
ers to retain some additional cows, likely the 
healthiest of those available. The cow weight 
distribution is likely to be more homogeneous 
than that of heifers, and individual cows are 
not likely to gain as much by the fattening 
process. In essence, a cow is held only until 
she can no longer produce efficiently, then 
she is sold for slaughter. While the slaughter 
value is substantial, it is not particularly 
responsive to changes in age or feed. Cows 
are relatively inefficient converters of feed 
into beef, so a higher beef/grain relative price 
may slightly prolong the cow feeding period, 
but cow slaughter weights are more likely to 
be strongly affected by weather and other 
inlluences. 

Calves. An increase in the beef/grain 
relative price will increase the capital values 
of calves relative to those animals in other 

categories unless enough calves can be 
withheld from slaughter to satisfy the 
increased herd demand. If veal demand is 
more price inelastic than beef demand, an 
increase in the beef/grain price will not 
greatly reduce calf slaughter and live calves 
will increase in value, and the calf average 
slaughter weight will also rise. If they have 
to choose, producers would tend to retain the 
larger of two calves of the same age for 
further fattening because it has more poten· 
tial for weight gain. But whenever they fat· 
ten calves to older ages, they maintain them 
through their most efficient feed conversion 
period, thus reducing the premium for (older) 
veal. Then, the closer the calf gets to the 
"least cost per pound" age, the cheaper the 
beef becomes. Of course, meat quality 
changes are involved as well, but a beef/price 
increase should reduce the slaughter of the 
youngest calves first, thus increasing the 
average slaughter weight of calves. The 
effect of weather variation on calf slaughter 
weights should be insignificant. Suckling 
calves are relatively unaffected by the pas· 
ture availability, for cows can continue pro· 
viding milk for some time after pastures have 
deteriorated. Pasture condition is important 
though to calves as they begin to graze, and 
all calves can be adversely affected by heat or 
shortage of water. 

Yearlings. Yearlings are either 
slaughtered or retained for fattening to steer 
age. An increase in the beef/grain relative 
price will induce their being fed to heavier 
weights, but yearlings eventually become 
steers, so the effect of a price increase on 
slaughter weights of the yearling category is 
mixed. That is, it depends both on the indivi· 
dual weight effects and on the distribution of 
slaughtered yearlings. The proportion of 
yearlings slaughtered also depends impor· 
tantly on consumer tastes-- that is, by the 
price differential between meat from year· 
lings vs. that from steers. Changes in consu · 
mer tastes within and among Argentine 
export markets can also significantly affect 
the age distribution of yearling slaughter. 

Steers. As in other categories, changes 
in the average slaughter weight of steers 
depend· both on changes in the age distribu
tion of the slaughtered animals and on 
changes in individual animal weights. A 
beef/ grain relative price increase makes 
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further fattening of steers profitable, but also 
induces producers to withhold yearlings, 
perhaps until they become young steers. 
Because feed costs vary among regions, the 
optimum slaughter age varies regionally. In 
particular, yearlings being fattened in rela
tively high- cost feed areas, although retained 
awhile longer in response to a price increase 
are not likely to be fattened to steer age. 7 

There is a great deal of potential, therefore, 
for significant variation in the age distribu· 
tion of slaughtered steers. Moreover, a 
short-run feed constraint can suddenly raise 
the opportunity cost of feed, inducing produc
ers to sell their heavy steers immediately to 
make room for other animals. 

Bulls. There are no reliable data on the 
age distribution of the bull herd, but 
apparently it is very heterogeneous: Some 
uncastrated males fattened for slaughter are 
technically bulls but function as steers; some 
castrated oxen are classified as bulls. Only 
the stud animals from this larger "bull" popu
lation are the breeding animals. Therefore, 
the effect of P.arameter changes on the aver· 
age slaughter weight of "bulls" is not possible 
to disentangle; meaningful interpretation of 
estimation results is difficult. 

Estimation of the Slaughter and 

Slaughter-Weight Equations 


Slaughter Equations 
First, two general formulations of each 

slaughter equation were estimated. Further, 
estimation procedures involved a search for 
the best lag distribution for the price and 
weather variables. Finally, additional equa
tions were estimated including variables 
representing influences other than weather 
and prices. 

The slaughter equations were originally 
specified in the following generic form: 

S,=H,-H,'+e, 

where 

S,=slaughter in year t 

H,=the existing stock (annual flow) 

H,'=the desired stock of animals 

e,-the disturbance term 

H,' was specified as a function of certain vari
ables, which in the most general case, are 
lagged values of the beef/grain relative price 
P and weather W: 

H,'=f(ao+a,P,+azl't-1> · · · 

+.Bo+,B,w,+,a.w,_1, • • • l, 

so 

where y=a0+,B0• A coefficient near unity was 
expected for H, and the coefficients on the 
price and weather variables were anticipated 
to be negative. 

The results of this first formulation are 
presented in Table 6. Slaughter in each 
category in year t was regressed on that 
category's stock level in t, the percentage 
change in the beef/grain relative price, 
(l!i.P/P),, the percentage change in the 
weather index, (l!i. W/ W),, lagged past prices 
and weather, and a constant term. The per
centage changes in price and weather rather 
than their levels in t were used on the 
assumption that producers base their expecta· 
tions not only on past experience but also on 
the current rate of change of these variables. 
A separate weather variable was calculated 
for each category by weighting the proportion 
of live animals maintained in each geo
graphic area represented. 

The equations have high explanatory 
power and the coefficients on the change-in
price and the change-in-weather are negative 
in all but the steer equation; most are highly 
significant. Only a few of the coefficients of 
the lagged weather variables or the more dis
tant price variables attain statistical 
significance at any reasonable level. More
over, these coefficients frequently turn posi
tive in t-3 before converging to zero, con
trary to expectations. The Durbin-Watson 
statistic continues to signal the presence of 
positive autocorrelation, even after the vari· 
ables were transformed using p. 
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Table 6. 

Slaughter Equations, Initial Specifications, 


Aggregated and by Animal Categorya 


H, 	 Const. (!> P /P)1 pt-I pt-2 pt-3 (!> W/W)1 W1_1 w,_2 w,_3 ID DW SER p 

Eq. I S1: 0.278 -9959 -25496 -21570 -389 6799 -7319 -163 -1 54 0.896 1.45 5148 0.743 
(4.83) (0.24) (3.33) (5.21) (0.13) (2.41) (1.00) (1.42) (0.01) (0.97) 

Eq. 2 NS1: 0.306 29551 -979 -5139 512 2225 3000 67 43 21 0.887 1.410 833 0.966 
(2.53) (2.01) (0.40) (3.55) (0.50) (2.22) (1.35) (1.87) (1.91) (1.21) 

Eq. 3 YS,: 0.151 9275 -{;665 -1727 -748 -172 -3319 -18 4 2 0.860 1.25 943 0.686 
(2.76) (1.69) (5.01) (2.30) (1.34) (0.33) (2.55) (0.86) (0.30) (0.22) 

Eq. 4 TS1: 0.037 7031 -5076 -3370 168 1291 -2076 -37 6 18 0.584 1.38 1389 0.764 
(0.73) (0.63) (2.39) (3.00) (0.20) (1.70) (0.97) (1.19) (0.31) (1.18) 

Eq. 5 VS,: 0.201 -8916 -7688 -{;796 45 2221 -1505 44 -15 1 0.812 1.16 1716 0.787 
(3.64) (0.60) (3.05) ( 4.93) (0.04) (2.43) (0.61) (1.21) (0.64) (0.03) 

Eq. 6 VQS1: 0.388 13193 -10392 -5489 -1024 806 -8138 -103 -2510 10 0.883 1.56 1593 0.636 
(4.27) (1.41) (4.63) (4.42) (1.09) (0.92) (3.61) (2.92) (1.21) (0.56) 

Eq. 7 BS,: -0.214 7602 -823 447 -33 116 -337 0 2 2 0.928 1.49 154 0.968 
(1.25) (2.53) (3.70) (3.63) (0.38) (1.50) (1.69) (0.09) (0.90) (1.36) 

a. 	 The dependent variable in Equation I is s,. the total number of animals slaughtered in year t. The dependent 
variables in Equations 2-7 refer to slaughter in individual categories: steers, NS1; yearlings, YS,; calves, TS,; 
cows, VS~ heifers, VQS,; and bulls BS,. The independent variables are with respect to the particular category. 
(!> P/P), 1s the peroentage change in the price of beef relative to an index of grain prices; P1 is the actual price 
of beef relative to an index of grain prices. (!> W / W), is the percentage change in the weather index in year t; 
w, is the weather index in year t. Weather variations in each location were weighted by the proportion of the 
relevant category maintained in the region of each weather observatory. 

The equations with 17 degrees of freedom were estimaated by 0 LS after transforming the variables for first 
order autocorrelation, using the rho (reported in the last column) determined from the Cockrane-Orcutt 
interative procedure, checked by the Hildreth-Lu scanning technique on rho, to ensure that the convergence 
was at a global minimum of the sum of the squared residuals. The Durbin Watson statistic (DW) is that 
obtained after the transformation. The price and weather lags were constrained by a second-order polynomial 
distribution tied to zero in the year preceding the last lag. R2 is the multiple correlation coefficient corrected for 
degrees of freedom; SER = the standard error of the regression; t-statistics are in parentheses. 
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And the coefficients on the herd stock 
variables were far from unity. Increasing the 
stock by one animal does not mean increasing 
slaughter by one according to these esti
mates; in fact the bull stock coefficient is 
even negative. What is striking though is 
the similarity of several of the coefficient 
estimates to the average rate of slaughter in 
each category (omitting bulls): 

Coefficient: Slaughter Rate: 
aggregate .28 .25 
steers .31 .98 
yearlings .15 .20 
calves .04 .07 
cows .20 .11 
heifers .39 .24 

This suggests that the slaughter deci
sion is less flexible than originally assumed, 
and implies a model where producers plan to 
slaughter a certain proportion of their herd 
during the year and make only relatively 
small changes in their planned slaughter pro
portion as conditions change. It appears that 
producers plan to meet a customary demand 
for animals of each type. Because of the 
qualitative difference between finished 
animals and those which are still to be fat
tened, adjustments in these plans are rela
tively costly. As a result, the coefficients on 
price and climate appear to represent the 
linear addition to, or subtraction from, the 
normal or planned slaughter in each 
category. This is a subtle difference, but it 
suggests a modification in the model. 

Several variations of a lagged adjust
ment model were considered, but none seemed 
satisfactory. Thus, a different interpretation 
was given to the estimated slaughter equa
tion, based on a model involving no stock 
adjustment. Slaughter was viewed as com
posed of two components: a normal com
ponent related to the size of the herd, S,H, and 
a transitory component, Sf, reflecting the 
adjustments to the normal component 
brought about by variations in prices, 
climatic conditions, and the like. The 
estimated equation for S,=S,H+sl becomes 
S/l=aH, and Sl=h<P,_,_ We-i. · · · ). This for
mulation implies that the coefficients of Sl 
might be affected by the size of H,. Multicol
linearity prevented meaningful estimation of 

a multiplicative relation between the S/1 and 
Sl components, but the fact that H, was rela
tively constant during the study period 
means that a linear specification of the tran
sitory component is a good approximation, 
i.e.: 

S,T=h(P,, W,,H,) 

=hT(p,, W,)·H,8 

=h'(P,, W,)·0, where 0 is a constant. 

Sl could also be interpreted as the 
"part" of the "potential" cattle herd most 
easily switched into other activities such as 
crops. This amount could be relatively con
stant, even if H, were not. This interpreta
tion (ST constant) seems preferable to H, 
constant because if H, were constant, it 
would not belong in the estimating equation, 
i.e.: 

S,=aH,+h'(P,, W,)·H8 

=aO+h '(P,, W, )·O 

=O(a+h'(P,, W, )). 

In sum, it is difficult to determine the 
theoretically correct interpretation of the 
coefficients to be .estimated. It appears, 
though, that those in prices, climate, and 
other transient factors may be modeled sim
ply as a linear addition-subtraction to the 
herd as these factors fluctuate. 

Recall that the shape of the estimated 
lag distribution on prices differed from what 
was expected, i.e., in becoming positive. Pro
ducers were assumed to respond to an 
expected price when making their slaughter 
decisions; this expectation was modeled as a 
function of past prices and the current rate of 
change in price. But the relevant expected 
price is the one expected to prevail when the 
animal, or its product, will be sold. This 
expectation differs by category. For steers it 
is the price which will hold in the immediate 
future; for a breeding heifer, it is the average 
price prevailing over the period in which her 
calves will be born. Thus, the form of the 
lagged distribution may need to be specified 
differently for each category. Still, the distri
bution should never turn positive as did the 
first estimates. 
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There are three possible explanations 
for these counter indicated results. First, a 
severe reduction in slaughter in year t+1 
caused by a price change in year t could force 
the constrained quadratic to overshoot the 
zero axis. However, the lag turned positive 
even when unconstrained. Second, the shape 
could reflect an over-reaction by producers. 
The dynamics of the supply response process 
in which animals are withdrawn from 
slaughter when the price increases could 
induce first overaction, then compensatory 
action. If this is the case, then producers are 
not forming price expectations by taking 
account of past prediction errors. That is, 
they are not learning from experience. If 
they considered their past prediction errors, 
they should be able to avoid overshooting 
their mark. 

Third, and the most plausible: Changes 
in prices may cause basic changes in the 
quality of the stock variable. A price 
increase inducing producers to withold 
animals from slaughter changes the age dis
tribution of the herd. The same effect, only 
sometimes more so, occurs within the 
categories. A change in the age distribution 
of the herd can easily affect the proportion of 
the herd slaughtered in future years. For 
example, in year t+i, the stock variable for 
steers, N1

8, may include a number of animals 
to be slaughtered as young steers rather than 
old yearlings. Because in the model 

S=S{'+S,T 

=aH,+h(Pt+i• W1+;), 

a is constant, the effect of changing the pro
portion of the stock slaughtered each year 
over the cycle, as opposed to long-trend move
ments, is forced onto the price variables. 
This result suggests that disaggregation by 
animal categories was not sufficient to obtain 
homogeneous stocks. To reflect the cyclical 
variation in the age distribution of the herd 
stock, a should be a function of past prices: 

a 1=a0+a1P,_1+a2P,_2+aaf'1_3+n1, 

which would transform the slaughter equa
tion to: 

S,=a,H,+h(P,_,,w,_,, ... ) 

=aoH1+a1P1-1H,+a2Pe-2H1+ · · · 

+/31P,+/32P1-1+ · · · +•,. 

This specification did change the lag 
structure as expected in the aggregate and 
category slaughter equations. The "normal" 
proportion, a, became an increasing function 
of past prices, while the coefficients on past 
prices representing Sl either increased 
(becoming less negative) until reaching zero, 

8or decreased and then increased to zero. 

But the equations generally evidenced 
high serial correlation, even after an 
attempted correction by the Hilduth-Lu tech
nique, and rarely was more than one of the a; 

coefficients significant even at the 10 percent 
level. 9 An exception is the aggregate equa
tion for slaughter, presented in Table 7. All 
coefficients have the expected signs and most 
are significant at the 5 percent level. 

Because of the general failure of the 
first formulation where sT was distinguished 
from SH and a was allowed to vary, I 
returned to the model where prices and cli
mate affected only ST, not SH. The exercise, 
however, served to remind us that the 
coefficients on prices involve something more 
than the change in the magnitude of a 
desired stock of homogeneous animals. 

In the second general formulation of the 
slaughter equations, the polynomial distri
buted lags were not forced through zero, a 
multiplicative stock-time trend variable was 
included in each equation along with the 
stock level, and (ii WI W), was replaced by 
weather in year t. The proportion of the 
stock slaughtered in certain categories has 
varied over time, so the stock-trend variable, 
t· H,, is an attempt to capture this. For 
example, the secular increase in the calving 
rate provided an increasing number of heifers 
relative to the replacement needs of the 
breeding herd, so that a growing proportion 
of the heifer stock has been slaughtered over 
time. Because the rise in the calving rate 
has been constant, this effect can be formu
lated as: 

S,H=a1H1 

=(ao+a1t )·H, 

=a0H,+a 1(t·H,); t=time trend. 

Similar arguments can be made for other 
categories. For yearlings a might represent the 
variation in proportion slaughtered as tastes 
change. The trend effect may also serve to represent 
technological change that affects slaughter. 
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Table 7 

Estimation Results for the Aggregate Slaughter Equation Where 


aHt =(a0 +aIPt-I+ a2Pt_2 + a3Pt_3) Ht 


DW SERR'
S: H PIH" P2H" P3H" pt pt-I pt-2 wt wt-I wt-2 

'"" -12430 -109 -308 -271 0.936 1.60N 4029 
0.263 0.0225 0.0236 0.0208 -13870 -17050 

(1.92) (3.71) (3.43)
(5.35) (1.14) (l.18) (1.78) (2.31) (1.76) (1.12) 

(t-statistics are in parentheses.) 

a. PlH =Pt-I• Ht; P2H = Pt_2 •Ht; P3H = Pt_3 •Ht. 



Table 8 

Slaughter Equations, Third Specification, 


Aggregated and by Animal Categorya 


H, tH, Const. (h. PIP), pt-I P,_2 P,_3 P,-4 w, Wt-I w,_2 w,_3 R' ow SER p 

Eq. I s,: 0.122 0.003 59704 -34391 -31090 -2422 5276 -7991 -83 -152 2 JOO 0.940 l.99 3893 0.814 
(l.05) (l.77) (1.45) (6.01) (7.34) (I.I I) (2.59) (2.14) (l.45) (0.87) (0.02) (l.67) 

Eq. 2 NS,: 0.204 0.013 20868 -1750 -5552 796 2789 425 -14 12 20 12 0.908 l.57 1691 0.605 
(0.88) (2.54) (2.21) (0.81) (3.33) (0.80) (2.96) (0.26) (0.44) (0.41) (0.74) (0.41) 

Eq.3 vs,: 0.350 0.003 14934 -15792 -3966 -389 -83 -2783 -8 21 30 18 0.866 l.71 829 0.673 
(0.38) (1.53) (2.70) (5.71) (4.28) (0.82) (0.19) (3.42) (0.62) (l.49) (2.l l) (l.45) 

u. 
w Eq. 4 TS,: 0.065 0.003 18051 -7205 -5985 -278 849 2605 23 -2 12 21 0.754 1.80 1078 0.866 

(l.23) (l.88) (2.52) (5.36) (5.63) (0.45) (l.55) (2.64) (1.33) (0.14) (.072) (l.46) 

Eq.5 vs,: 0.010 0.003 5552 -9920 -9336 -596 1784 -2195 -19 -27 -18 9 0.857 l.71 1498 0.895 
(l.05) (l.80) (0.37) (5.10) (6.45) (0.65) (2.19) (1.57) (0.81) (0.97) (0.60) (0.37) 

Eq. 6 VQS1: 0.159 0.005 17733 -9574 -7451 -1540 1269 -1703 -151 -39 -4 43 0.901 l.30 1471 0.859 
(0.921) (l.66) (I.79) (4.55) (4.95) (0.78) (l.64) (1.18) (2.44) (1.53) (0.17) (l.93) 

Eq. 7 BS,: 0.336 0.007 4529 -599 -445 42 191 0 -3 1 3 4 0.942 l.85 132 0.459 
(l.97) (5.41) (2.22) (2.72) (3.27) (0.58) (2.67) (0.00) (1.34) (0.25) (l.18) (l.95) 

a. 	 See Table 6 for explanation of symbols. The only addition is the multiplicative variable tH1, and its respective category counterparts, where the herd stock is multiplied 
by a time trend. 



The equations for this formulation 
(Table 8) explain the variation in slaughter 
well, but the significance level of many of the 
coefficients is low. The lag structures were 
similar in most cases to the tied lag 
specification. 

A number of variations of each equation 
was next estimated to compare results. For 
these equations (Table 9) more than one 
specification are presented when different 
versions appeared to have equal merit. 

Most of the coefficients in the equations 
predicting total slaughter are now significant 
at the 10 percent level. When both H, and 
tH1 were included, R2 and the Durbin-Watson 
statistic rose and the estimated rho dropped. 
The coefficient on tH, is positive as expected, 
perhaps caused by declining mortality rates, 
or a move toward marketing younger 
animals. The only price coefficient which is 
not significant in this equation is on P,_2 as 
the lag passes from negative to positive 
values. A price increase in year t appears to 
have a negative effect ori the transition com
ponent of slaughter in years t and t +1, leave 
it unchanged in year t+2, and increase it in 
years t +3 and t +4. This is not the Bame a• 
saying that slaughter itself is reduced or 
increased by the amount of the respective 
coefficients in these years, for a reduction one 
year increases the herd the next. It is the 
net effect from the "permanent" and "transi
tory" components which is the true price 
effect. 

Note that the price and weather elastici
ties of slaughter must be calculated with 
care, i.e., if the equation for aggregate 
slaughter were: 

S,=aH, +/3oP1 +/31P1-1+/32P,..,2, 

the elasticity of slaughter with respect to 
current prices is: 

Es /3rJS 
Ep, = 1/P 

but with respect to last year's price it is: 

Es /3 1-a/3,JS 
Ep,_1 1/P 

That is, animals "withheld" in year t in 
response to a price increase in that year will 

increase the herd and hence slaughter in year 
t+l. As a result, the net effect on slaughter 
in year t+l must include the direct effect on 
the transitory component in that year and 
also the effect on the permanent slaughter 
from the animals "withheld" last year. The 
same effects hold for each· of the individual 
categories, although animals "withheld" from 
slaughter one · year may not increase the 
stock of the same category the next year, but 
rather a different category. For example, the 
elasticity of cow slaughter in year t +2 
depends both on the coefficients av, f3J', and 
/3[ in cow slaughter equation and also on f3(fQ 
in the heifer slaughter equation. 

In Equations 8 1 and 8 2, weather first 
reduces and then increases transitory 
slaughter, st, though the impact of weather 
variation is less than that from price varia· i
tion (when the relative magnitudes i 
coefficients, standardized by the standard L
deviations of their respective variables were 

compared). J __ 


In the steer category, Equation N 1 
! 
i

includes both a stock and stock-trend vari I 

able, but only the latter is significant. Nei
ther of the coefficients on the percentage 
change in price or weather is significant, and 
both have positive •igu•. Further, the distri· 
buted lag on prices is negative only for P,_, I 
and that on weather is never negative. This i 
would suggest that steer producers respond to 
a price increase by dumping their animals on 
the market rather than withholding them for 
futher fattening. The positive coefficient on 
tH, in Equation N 1 indicates that a rising 
proportion of the steer herd has been 
slaughtered over time. This is consistent 
with evidence that the slaughter weights of 
steers have declined over time, implying that 
they are being slaughtered younger and, 
hence are less likely to remain in the herd as 
steers more than one year. 10 

Equation N 2 includes the variable 
EXPB,_ 1 as a proxy for variation in the beef 
grading scale. 11 

EXPB is the percentage of total beef 
produced which is exported to the United 
Kingdom as chilled beef in year t-1. The 
traditional export market for Argentine beef 
was the United Kingdom, so most of the grad
ing scales were originally set with this 
market in mind. 12 Both beef exports as a per
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Table 9 

Slaughter Equations, Additional Specifications, 


Aggregated and by Animal Categorya 


H, tH1 Const. (li.P / P), P, pt-I P,_z P,_3 P14 (Li.W/W)1 W1 w,_1 w,_z w,_3 W14 EXPB
1
_2 R' DW SER p 

Eq. S1: 0.147 0.0021 -16060 -M83 -87 3125 3154 -4625 -170 79 190 164 0.929 l.94 4237 0.489 
(l.95) (l.95) (6.89) (4.19) (0.05) (l.88) (2.77) (0.79) (l.42) (0.92) (3.73) (3.56) 

Eq.Sz: 0.131 0.0025 -27820 -18970 -3854 4348 5633 -9914 -178 79 194 168 0.924 1.69 4400 0.500 
(l.64) (l.76) (4.78) (5.83) (l.90) (2.07) (3.49) (l.78) (l.40) (0.88) (2.66) (3.46) 

Eq. N1: 0.222 0.0144 1708 -3260 1231 3271 2861 865 31.3 58 47 	 0.897 1.65 1781 0.414 
(l.17) (3.40) (0.79) (2.75) (l.70) (4.18) (4.69) (0.37) (0.82) (2.71) (2.52) 

Eq. Nz: 0.697 6423 -261 3209 4409 3340 -4569 -85.9 32 61 -31521 0.894 2.53 1801 0.115 
(10.20) (2.70) (0.25) (4.05) (5.47) (5.60) (l.90) (2.58) (2.70) (3.13) (3.57) 

Eq. Y1: 0.143 10307 -7382 -1804 -1306 -839 -403 -2673 	 0.836 1.70 917 0.592 
(2.83) (2.51) (5.71) (2.65) (2.70) (1.78) (l.18) (3.16) 

Eq. Y2: 0.151 -{;665 -1727 -747 -172 -3319 9274 -18 -4 2 	 0.847 1.52 043 0.686 
(2.76) (5.01) (2.30) (l.34) (0.33) (2.55) (l.69) (0.86) (0.30) (0.22)v. v. 

Eq. T1: 0.017 17034 -5323 -1377 -1836 -1377 -3815 -467 0.545 1.70 1442 0.754 
(0.34) (2.11) (3.33) (2.79) (2.79) (2.79) (l.72) (l.50) 

Eq. Tz: 0.021 17005 -{;134 -3432 -132 1012 -40 -29 -16 	 0.610 1.30 1335 0.713 
(0.59) (2.32) (3.81) (3.19) (0.18) (l.52) 	 (2.03) (l.52) (0.94) 

Eq. V1: 0.170 0.0015 -5786 -2377 -94 1063 1094 -37 -378 -32 -19 	 0.804 l.66 1755 0.830 
(2.63) (1.08) (5.94) (3.18) (0.12) (l.35) (2.07) (l.66) (l.46) (l.06) (0.87) 

Eq. V2: 0.211 -0.1430 -8558 -5564 -1235 1136 1547 -4019 -16 -41 -7 7 	 0.783 1.49 1848 0.670 
(4.61) (0.86) (3.69) (3.71) (l.32) (l.15) (2.04) (3.69) (2.17) (l.79) (0.32) (0.44) 

Eq. VQ1: 0.490 -8951 -4337 -1157 626 1011 -8260 -127 -21 35 42 	 0.920 1.82 1322 0.400 
(11.8) (5.42) (5.25) (2.06) (l.04) (2.22) (5.14) (5.04) (2.21) (3.18) (4.23) 

Eq. VQz: 0.329 0.0037 -9665 -5062 -1464 579 1067 -7236 -102 2 48 49 	 0.921 1.67 1311 0.484 
(2.30) (1.26) (5.72) (5.25) (2.38) (0.945) (2.31) (4.14) (-3.34) (0.14) (2.85) (3.96) 

Eq. B1: 0.0056 -{;5 -349 -124 23 93 85.l -4 0 3 3 2 	 0.946 1.63 132 0.691 
(8.96) (0.525) (4.67) (2.30) (0.37) (l.49) (2.01) (2.21) (0.40) (2.70) (3.21) (3.33) 

a. 	 See Table 6 for explanation of the symbols. Additionally, VB= the number of mature cows in the breeding herd, VN =the number of two year old heifers in the breeding herd 
EXPB1-1 =the percentage of total beef produced which was exported in the United Kingdom as chilled beef in t-1. ' 



cent of total slaughter and exports to the 
United Kingdom as a percent of total exports 
declined over the study period studied. The 
coefficient on EXPB,_ 1 is significant and 
negative and its inclusion increased ii2

• An 
interpretation is that an increase in the 
export of animals to the United Kingdom 
reduces transitory slaughter, because heavier, 
older steers are needed for the UK market. 

In the yearling slaughter, equations Y 1 
and Y 2, the coefficients on (t:,.p / P )1 are large, 
negative, and statistically significant; the 
coefficients on Pt-I through P,_4 are negative 
and decline monotonically in absolute value. 
This pattern suggests that the reduction in 
slaughter which occurs after a price increase 
is felt for some years, considerably longer 
than in the other categories, and indicates 
that a large proportion of the yearlings is 
retained to be fattened and slaughtered as 
steers. Weather has an important effect only 
in year t, judged by the large significant 
coefficient on (!;,. W / W ),. 

The ii2s are lower in the calf equations, 
but both weather and prices have the 
expected negative coefficients, though the 
lags are short. The best specification appears 
to be Equation T 1, where except for the stock 
level, the coefficients are significant at the 5 
or 10 percent level. Weather apparently has 
a stronger impact on slaughter in t-1 than 
in t. That is, it may take some time for bad 
weather to affect pastures and hence 
slaughter. 

The coefficients of the cow slaughter 
equations have the expected signs and magni
tudes and nearly all are significant. In the 
V 1 multiplicative trend-herd variable has a 
small but positive coefficient indicating that 
an increasing proportion of the cow herd was 
sold, which reflects either a shortening of a 
cow's average life span or a reduction in mor
tality. Both have probably occurred 13 The 
negative coefficients on lagged price for t 
through t-2, indicate that producers require 
considerable time to build up their herd after 
a price increase as it requires several years 
for a young animal to mature. Roughly 75 
percent of the heifer herd is retained for 
replacement purposes each year, and only 11 
percent of the cow herd is slaughtered, so 
there is little opportunity to make large rapid 
percentage increases in the breeding herd. 
The positive coefficients on prices t-3 and 

t-4 could represent the greater than normal 
proportion of the herd slaughtered as the 
animals which were withheld in response to 
the price increase in t, age. All coefficients 
on weather are negative with the largest in 
absolute magnitude occurring in t-1 and 
t-2. 

The equations for heifer slaughter do 
surprising'; ~ell, for this is the most volatile 
category. 1 R 2 is greater than 0.9 and nearly 
every coefficient is statistically significant. 
The coefficients on (!:>.P/Pl,, (!;,. W/W),, Pt-I 

and Ct-I are all large and negative, indicat
ing high elasticities of heifer slaughter with 
respect to an increase in the beef/grain rela
tive price or to an improvement in weather. 

Bull slaughter is markedly different 
from that in other categories. Although both 
the size of the bull herd and the number of 
bulls slaughtered annually rose considerably 
during the entire study period, BS/B (the 
proportion slaughtered) increased particularly 
around 1955/56. 15 The proportional rate of 
slaughter averaged 8 percent between 
1937/38 · 1955/56 and then ranged from 11 to 
17 percent between 1956/57 - 1966/67. l6 The 
increased proportion is due principally to the 
fact that an increasing number of uncas
trated males are being grown as steers for 
slaughter, but are classified as bulls. Also, 
producers have attempted to increase produc
tivity by culling impotent and aged bulls. 17 

Next, an equation in each category in 
Table 9 was reestimated using additional 
explanatory variables to test for the impact of 
changes in various exogenous factors on the 
slaughter rate: the lagged money wage of a 
rural worker, divided by the Buenos Aires 
cost-of-living index: WAGE,_ 1; the percen
tage change in the exchange rate in t and 
t-1, FX, and FXt_1; the percentage change 
in the cost-of- living index in t-1,CL,_ 1; and 
the ratio of the wholesale price indices of 
rural to nonrural goods in t-1, RNR,_1• 

Results appear in Table 10. WAGEt-1o was 
used to test whether rising labor costs had 
forced producers out of grain into cattle pro
duction during 1945-1952. 18 Because cattle 
production is substantially less labor inten
sive, it is frequently alleged that legislated 
rural wage increases contributed to the shift. 
Contrary to expectations, five of the seven 
coefficients are positive. 19 Actually, it turns 
out that rural wages were not as important a 
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Table 10 

Slaughter Equations, Aggregated and by Animal Category 


with the Inclusion of Additional Variables.a 


H, tH1 (l>P/P), P,_1 P,_z P,_3 pt-4 (l> W /W)t Wt-I w,_z w,_3 w,4 EXPB,_1 WAGE,_1 FX, FXt-1 CL,_1 RN~-1 R' DW SER p 

s,: 0.227 -28135 -22170 1330 8721 -12857 -334 -96 29 71 9486 3861 6602 5309 24435 0.947 1.27 3673 0.635 
(7.48) (4.68) (5.49) (0.40) (3.20) (2.46) (3.84) (2.45) (1.01) (2.17) (0.71) (0.92) (l.07) (2.16) 

NS,: 0.567 6072 -2323 2192 4084 3353 -8260 -148 52 IOI -430n 8358 -6739 530 7799 0.897 2.44 I782 0.10 
. (4.60) (2.08) (1.32) (2.32) (4.46) (4.63) (2.19) (2.92) (2.59) (3.02) (3.35) (l.16) (2.22) (0.16) (1.84) 

YS1: -0.301 -0.0042 -5885 676 946 721 -2046 -9 -28 -25 -5090 4944 I025 6178 0.915 2.15 667 0.200..,, 
-.I (4.41) (2.73) (4.22) (l.07) (2.20) (1.79) (1.85) (0.41) (2.17) (2.II) (2.81) (4.60) (l.15) (3.40) 

TS,: -0.0340 -4596 -17Il 2779 3349 -2054 -39 -9 4 -16II Il75 5569 1761 10836 0.830 1.80 895 0.513 
(I.54) (2.92) (1.67) (3.59) (4.91) (1.38) (1.57) (0.97) (0.40) (0.49) (l.ll) (3.78) (1.31) (4.27) 

vs,: 0.186 -9923 -5523 -1134 1249 1627 -I052 -26 -47 -50 -34 3655 2122 2757 515 273 0.760 1.51 1944 0.695 
(3.67) (3.14) (2.47) (0.73) (0.93) (I.n) (0.42) (0.67) (2.04) (1.91) (1.66) (0.54) (0.98) (0.91) (0.19) (0.05) 

VQS,: 0.278 0.0040 -Il781 -7715 -1881 691 -8257 -IOI -12 48 49 7639 462 3226 1352 0.932 1.78 1202 0.331 
(1.90) 	 (l.14) (5.51) (5.22) (l.64) (0.76) (2.85) (0.07) (0.07) (2.62) (3.73) (I.72) (0.26) (2.06) (0.33) 

BS,: 	 0.005 -7IO -570 -224 -14 61 -580 -II -I 4 4 1279 0392 -679 -391 1322 0.945 2.42 I3l 0.578 
(1418) (3.92) (6.08) (3.77) (0.30) (2.09) (2.95) (5.83) (1.00) (3.97) (4.97) (5.04) (1.86) (3.73) (2.76) (4.27) 

a. See Table 6 for explanation of the symbols. Additionally, WAGE,_1 =the real wage of a rural laborer in t-l; FX, =the rate of change of the foreign exchange rate int; FX1_ =1 
the rate of change of the foreign exchange rate in t-1; RN~-! =the index of the relative wholesale prices of rural and nonrural goods in year t-l; CL,_1 = the rate of change of 
the cost-of-living index in t-1. 



factor as were government intervention in 
tenancy contracts and government discrimi
nation against agriculture in general in 
inducing the shift. Both intervention and 
discrimination reduced the demand for agri
cultural labor, causing a positive correlation 
between the wage series and the shift out of 
grains. 20 

The inclusion of the foreign exchange 
variables was to test producer slaughter 
response to changes in the inll.ation rate with 
a negative effect on slaughter expected if pro
ducers think that foreign demand will gradu
ally increase from a devaluation. The 
coefficient on FX, was never significant, but 
the strong positive effect of FX,_1 in several 
of the equations suggests that devaluations 
have some independent effect on slaughter. 21 

An increase in the rate of inflation could 
improve producers' expectations about future 
beef prices or it could be a proxy for produc
ers' discount rate--that is, as the effective 
rate of interest declines producers would hold 
animals beyond their ordinary optimal 
slaughter age for use as a wealth hedge. 22 

The wage-price spiral in Argentina followed a 
definite pattern. As domestic prices rose, 
exporters and consumers were caught 
between falling external demand and falling 
real incomes, respectively. Devaluation 
improved the exporters' situation, but raised 
prices of important wage goods which induced 
workers to press for wage increases. 
Manufacturers, facing rising import costs for 
intermediate goods and nsmg wages, 
increased their prices, continuing the cycle. 
An increased cost- of-living may decrease con
sumer demand for beef and the relative beef 
price. If producers recognize this cycle, an 
increase in the rate of inflation might induce 
them to sell animals immediately. The 
coefficient on CL,_1 was significant at the 10 
percent level only for heifers and bulls, so it 
appears that inll.ation was not a terribly dis
ruptive influence independent of its effect on 
the relative beef/grain price. 

The terms-of-trade variable, RNR,_1 was 
entered to reflect changes in the relative 
opportunity costs between agricultural and 
nonagricultural investments. Besides the 
intrasectoral price response, i.e., between field 
grain and cattle production, there is aiso an 
intersectoral shift between rural goods and 
industrial goods as relative prices change. 

While RNR oversimplifies what actually 
takes place, an increase in RNR is expected 
to increase resources going to beef production 
and cause herds to be built up, so the 
coefficients on RNR should be negative. 
Instead, the coefficient on RNR was usually 
positive indicating that an increase in the 
intersectoral terms of the trade favoring agri
culture caused greater slaughter. 

This would seem to be a perverse result, 
except that the terms of trade variable is 
positively correlated with movements in the 
level of herd stocks and with the level of 
slaughter. · For example, the simple correla
tion coefficients between RNR and N and NS 
are respectively 0.51 and 0.41. An increase in 
the agricultural terms of trade is associated 
with a rise in the cattle herd and with the 
number of animals slaughtered. However, 
the rise in the terms of trade also increases 
the rate of slaughter, suggesting either that 
new investment increases the efficiency of 
production and thereby the rate of slaughter, 
or that the rise in the terms of trade is asso
ciated with a different composition of 
slaughter. 23 

Thus, few of these additional explana· 
tory variables performed as expected. But 
there is still another problem with the equa· 
tions as specified in Table 9. Note that the 
coefficients on the stock levels a; in Table 9, 
where i is the particular category, are gen
erally not equal to the average rate of 
slaughter i!!_ that category; for example 
°'VQ;tf. VQS/VQ. The reason is that the vari
ables which affect the transitory component 
of slaughter are lagged price and climate. 
Negative coefficients imply that this transi
tory component will always be negative. 
Then in the equations where the constant is 
suppressed, °'VQ must be less than VQS/VQ, 
and ai yields the "maximum" or "minimum" 
percentage slaughtered each year, changes in 
price and climate determine how far actual 
slaughter is below or above this percen· 
tage. 24 While this result is somewhat plausi
ble, a; modeled as the average slaughter rate 
seems more reasonable. 

To do so, differences from the mean 
price and climate were used instead of their 
levels as independent variables affecting 
"transitory" slaughter. This is the same as 
adding a constant term constrained to equal 
the sum of the coefficients of the variables 
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Table II 
Slaughter Equations, Aggregated and by Animal Category, 

Using Differences from the Means of the Price and Climate Variablesa 

H, tH, (.t.P/P), P, P,_1 P,_z P,_3 P,4 (.t.W/W), w, w,_1 w,_z w,_3 W,4 EXPB,_1 Ri DW SER p 

s,: 0.159 0.0018 
(12.98) (3.10) 

-28322 
(4.35) 

-18510 4227 
(5.38) (l.79) 

3621 
(1.54) 

5030 
(2.88) 

-29322 
(4.35) 

183 
(1.99) 

23 
(0.36) 

123 
(2.12) 

115 
(2.82) 

0.915 1.74 4659 0.529 

NS,: 0.929 0.0021 
(10.51) (0.45) 

9927 
(3.18) 

-2548 
(2.26) 

11 
(1.24) 

3233 
(2.95) 

3742 
(3.46) 

2665 
(3.65) 

668 
(0.21) 

-8 
(0.17) 

49 
(1.47) 

96 
(2.21) 

53 
(2.33) 

-22157 
(1.74) 

0.838 2.31 2236 0.213 

..,, 
'° 

vs,: 

TS,: 

0.210 
(19.50) 

0.056 
(7.45) 

~845 

(5.08) 

-2230 
(1.39) 

-2541 
(2.91) 

-1620 
(2.19) 

-857 
(1.39) 

-1030 
(2.00) 

128 
(0.17) 

-563 
(1.12) 

414 
(0.68) 

-220 
(0.60) 

-26 
(1.54) 

-3345 
(2.49) 

-16 
(0.69) 

-23 
(1.35) 

-7 
(0.49) 

-14 
(0.96) 

-1 
(0.12) 

0.820 

0.588 

1.56 

1.67 

964 

1393 

0.683 

0.718 

vs,: 0.094 
(6.08) 

0.0096 
(l.32) 

-8928 
(4.15) 

-5632 
(3.54) 

-743 
(0.77) 

1526 
(l.58) 

1773 
(2.47) 

-18 
(1.04) 

-27 
(l.04) 

-27 
(l.04) 

-18 
(1.04) 

0.765 1.44 1921 0.627 

VQS,: 0.123 
(2.69) 

0.0065 
(2.94) 

-10838 
(5.71) 

-5723 
(5.74) 

-1928 
(2.84) 

292 
(0.43) 

934 
(1.83) 

-10838 
(3.53) 

-95 
(2.73) 

0 
(0.02) 

48 
(2.33) 

48 
(3.36) 

0.914 1.54 1363 0.525 

BS,: 0.0060 
(22.07) 

53 
(0.32) 

-353 
(4.85) 

-132 13 84 
(2.30) (0.195) (l.26) 

79 
(1.77) 

-201 
(1.12) 

4 
(1.24) 

2 
(0.80) 

4 
(2.45) 

4 
(3.05) 

0.945 1.92 133 0.694 

a. See Tables 6 and 9 for an explanation of the symbols. 



times their respective means. 25 The resulting 
a; coefficients were very close to the average 
rate of slaughter and their respective t· 
statistics increased substantially. The signs, 
magnitudes, and significance levels of the 
coefficients on the price and climate variables 
were similar to their counterparts in Table 9 
as were the ii2s (Table 11). Now the a, 
coefficients represent the average rate of 
slaughter in the category and the price and 
climate variables determine the annual 
fluctuation about this average. 

The Average-Slaughter- Weight Equations 

Because the average-slaughter-weight 
equations are more straightforward and 
easier to interpret than the slaughter equa
tions, and because they will be discussed in 
more detail in the next section, results are 
presented in Table 12 with only brief com· 
ments. The dependent variables for the indi · 
vidual category equations are their respective 
average live weights at the time of sale to 
slaughter, while the dependent variable for 
the aggregate equation is their average 
dressed weight. Changes in this variable 
reflect changes in the dressing percentages of 
the slaughtered animals, changes in indivi
dual weights, and the slaughter composition. 
Besides the price and weather variables used 
in the slaughter equations, a time trend, t, 
and the percentage of the herd vaccinated 
against hoof-and-mouth disease in t-1, 
VAC,_,, are included. Note that the price 
and weather variables are entered at their 
levels rather than as differences from their 
means. 

R2The aggregate equations. is lower 
than for most of the individual category 
slaughter-weight equations, indicating the 
difficulty of capturing the effects of changes 
in the composition of slaughter in a single 
aggregate equation. Most coefficients carry 
the expected signs and are significant. The 
coefficients on the rate of change in price and 
on the lagged prices are all positive and 
significant through year t-2 indicating that 
a price increase results in heavier 
slaughtered animals. The response to 
weather is also positive. The larger 
coefficient on ('1 W / W )1 than on W, suggests 
that the strongest effect of weather occurs 
with a lag because weather affects pasture 

quality only gradually. 

Steers. The weak price effect may indi · 
cate either that steers are not held back very 
long in response to an increase in the relative 
price, or that the age distribution of steer 
slaughter is altered sufficiently to make the 
average weight relatively stable. Better 
weather tends to increase the average 
slaughter weight as does British export 
demand. Animals exported to Great Britain 
were traditionally heavier. The result sug
gests that the greater was the proportion of 
output exported to Great Britain when the 
animals were born in t-2, the heavier the 
weights to which they are fed. 26 

Yearlings. The insignificance of the 
weather coefficients may reflect weather's net 
effect of changing the age distribution of 
yearling slaughter (negative) and of causing 
individual yearlings to be fattened to heavier 
weights (positive). Prices have a significant 
positive effect on yearling slaughter 
weights. 27 

Calves. The insignificance of weather on 
calf slaughter weight is no doubt due to the 
fact that calves suckle rather than graze. 

Cows. Most coefficients have the 
expected signs and are statistically 
significant at least at the 10 percent level. 
The negative coefficient on t reflects the sub
stantial secular decline in the average weight 
of cows (that is, in the size of mature i 

I'. animals). The positive coefficient on VAC,_1 f. 
suggests that the hoof-and- mouth vaccina
tion program and/or associated improvements 
in herd management have increased the !slaughter weight of cows, presumably by 
improving their health. 

Heifers. The current rate of change of 
price has a significant positive coefficient of 
large absolute magnitude, but lagged prices 
are not significant. This suggests that indivi· 
dual animals may be withheld temporarily, 
but that the feeding program for heifers is 
not strongly affected by the beef/grain price 
ratio. The significant negative coefficient on 
the time trend is of smaller absolute magni
tude than the corresponding coefficient in the 
cow equation. 

Bulls. The coefficients again indicate 
that the size of mature cattle in Argentina 
declined over the study period, despite an 
improvement in the health and weight of 
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Table 12 

Average Slaughter-Weight Equations Aggregated 


and by Animal Categorya 


Const. t ss,_1 (AP/P), P,_, P1-2 P,_3 P,4 (AW/W), w, w,_1 w,_2 w,_3 Wt-4 EXPBt-2 R' DWSER p 

Eq. I W,: 150 0.25 -10.57 20.91 9.30 4.80 1.75 0.147 1.86 0.112 0.115 0.097 0.059 	 0.703 1.72 3.36 0.057 
(7.33) (0.53) (0.98) (4.00) (4.55) (3.35) (1.22) (0.14) (0.39) (1.93) (2.75) (1.99) (1.57) 

Eq. 2 W,: 150 16.8 7.66 3.86 1.31 0.024 0.130 0.133 0.112 0.068 	 0.720 1.51 3.29 0.255 
(13.79) (4.44) (3.93) (2.82) (0.91) (0.02) (2.63) (4.37) (3.51) (2.74) 

Eq. 3 WN,: 420 -2.63 31.9 9.71 2.65 2.04 1.40 0.720 20.11 0.407 0.147 0.008 --0.057 87.2 0.925 1.77 5.71 0.711 
(7.46) (1.62) (1.17) (1.17) (0.57) (0.64) (0.47) (0.33) (2.43) (2.45) (1.43) (0.10) (1.06) (1.98) 

Eq.4 WY,: 311 1.31 -18.7 5.34 2.76 -2.70 -3.63 	 0.856 2.24 2.31 0.126 
(61.26) (5.55) (3.04) (1.69) (2.05) (2.64) (3.58) 

Eq. 5WT,: 236 --0.98 15.9 3.09 5.39 -3.45 -5.25 --0.029 --0.057 0.047 	 0.535 1.76 3.09 0.511 
(13.46) (1.70) (1.23) (0.741) (2.14) (2.06) (3.31) 	 (0.604) (1.19) (1.15)~ 

Eq. 6 WV1: 449 -4.00 40.9 14.5 14.4 9.23 0.282 	 0.907 1.95 6.28 0.292 
(18.49) (4.33) (1.81) (l.83) (1.45) 	 (1.78) (1.83) 

Eq.7WVQ,: 282 --0.80 12.26 12.26 3.03 1.73 0.717 0.192 0.116 0.052 	 0.840 2.13 3.60 0.157 
(19.62) (5.01) (2.86) (2.86) (1.37) (1.00) (0.41) 	 (3.51) (2.38) (1.18) 

Eq. 8WB1: 730 -10.70 167 -35.54 -25.2 	 0.072 0.158 0.906 2.02 11.8 0.532 
(16.03) (5.22) (3.46) (2.50) (2.399) 	 (0.41) (0.01) 

a. 	 See Tables 6 and 9 for an explanation of all symbols except t = a time trend with unit increase each year, and SS1_1 = percentage of the herd vaccinated against 
hoof-and-mouth disease in t-1. 

The average slaughter weights for the respective categories during the period were W =213; WN =454; WY= 323; WT= 205; Viii= 434; WVQ =311; WB 
= 536. The dependent variables in individual categories a.re the live weights (kg) at time of sale to slaughter; for the aggregate equation it is the average dressed 
weight of a slaughtered carcass. 
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animals from the hoof-and-mouth disease pro
gram. Weather appears to have very little 
effect, but this may be due to the hetero
geneity of the bull stock. The most plausible 
explanation for a sharp drop in weight in 
response to a price increase is again the 
heterogeneity of the bull stock. A price 
increase may prompt the slaughter of 
younger and lighter "bulls," thereby lowering 
the average slaughter weight. 

Endnotes to V. 

1. 	 The distinction sought between "short run" and 
"long run" is the same usually made in static 
theory, even though the cattle sector never actu
ally reaches a state of long-run equilibrium. 
Short-run effects are reflected by the coefficients of 
the estimated model. "Short run" means in this 
context, sometimes one year, sometimes a few 
more. 

2. 	 Effects of the weather may be measured by either 
the level of an index or the change in its level. A 
certain amount of feed is needed to maintain a 
certain number of animals. If a weather-induced 
variation in feed supply occurs, producers will 
have to adjust herd size. Which of the two vari
ables best captures the "unplanned" feed gain or 
loss and the accompanying repercussions of the 
desired herd level depends largely on the forma
tion of producer expectations regarding weather. 
If producers view weather as a random variable 
with constant mean, their ex:pectaions will be 
based on long-run observations, regardless of 
recent experience, making level the better vari
able. If, however, producers extrapolate from 
recent experience, the change in level would be 
superior. Also, past weather experience may be 
important if pastures deteriorate or improve 
rather slowly even though producers may adjust 
their herds to weather-induced feed supply varia
tions rather quickly. Weighing these several con
siderations led me to use a change-in-weather 
level in the current year as well as a distributed 
lag on its level. 

The beef/grain relative price is primarily a 
pioxy for the opportunity cost of land where the 
alternative is to grow commercial grain crops for 
cash sale. AP. such, it is more a long-run measure 
of desired herd size. The weather index, in con
trast, is a short-run measure allowing us to 
represent feed availability. Note that only one 
cattle price is used in these equations. To the 
extent that the relative prices of the categories 
differ from time to time, this is inferior to using 
the own-price for each category. But theoretically, 

these relative prices should not vary substantially, 
and empirically they do not. 

3. 	 Recall that calving rate had an important 
influence on the rate of heifer slaughter. A higher 
calving rate means a higher stock of heifers rela
tive to the breeding herd. If the proportion of 
cows replaced each year is unchanged, a smaller 
percentage of heifers is needed as replacements, so 
heifer slaughter will rise. 

4. 	 AB will be shown later, empirical work will sug
gest that the bull herd is not homogeneous. 
Rather, a substantial percentage of the "bull" herd 
is used for draft power or raised for beef. The 
result is that the bull slaughter equation does not 
conform closely to one representing breeding 
animals, whose capital value would be highly sen
sitive to price changes. 

5. 	 Note that the decision about which heifers to 
retain for breeding and which to fatten for 
slaughter is usually made several months before 
actual slaughter. Therefore, although heavy 
weight may be an important original criterion for 
selecting breeding animals, producers are not 
likely to withhold their heaviest fatted heifers 
from slaughter. 

6. 	 This is a short-run p-henomenon. Although the 
prices of beef and feed and the interest rate are 
used as parameters to determine the optimal 
slaughter age, they are exogeneous only in a par
tial equilibrium sense. Whatever the general 
equilibrium level of the "parameters," if no change 
in the production function or in the composition of 
slaughter occurs, the percentage of heifers being 
slaughtered in equilibrium must be the same as 
before the parameter change. Hence, for any per
sisting increase in the beef/grain price ratio, the 
average heifer slaughter weight would be greater. 
The difficulty arises not so much in determining 
the equilibrium effect of a "parameter" change, but 
the more immediate effect. 

7. 	 Recall the argument for the popularity of veal in 
Europe. 

8. 	 While weather effects are similar to price effects 
on slaughter, they are weaker, and there is no rea
son to use them in the reformulation of a. 

9. 	 When the model was estimated in log-linear form, 
most of the standard errors were larger relative to 
their coefficients than were their counterparts in 
the linear model. 

10. 	 The mature size of cattle has also been declining, 
which could be a factor. 

11. 	 The grading scale, which determines the relative 
price per pound for animals within the same 
category, can have an independent effect on the 
average weight and hence on the ages at which 
these animals will be sold. The grading system is 
government controlled and was set for the purpose 

62 	 I 




of maintaining the production of a particular type 20. As a result, a different variable was formulated to 
of animal with respect to weight and fat. Changes better reflect these events. The rationale of this 
in the classification premiums have been frequent variable, and the results of its inclusion, are dis
and are difficult to quantify. There were five basic cussed in the next section. 
classifications and several scales within each, and 
the relative prices which animals of each "scale" 
commanded varied substantially. 

12. 	 During World War II, when only frozen and 
canned beef could be exported, the Argentine 
authorities were concerned that the reduction of 
the market for higher quality chilled beef would 
induce producers to let their herd deturioriate. 
Through the grading system they forced producers 
to raise animals suitable for export as chilled beef, 
even though there was no such immediate market. 

13. 	 Animal husbandry improved somewhat during the 
study period studied, so producers became some
what more careful about culling "infertile" cows 
from the herd. 

To discover whether any obvious difference 
existed between the slaughter rates of mature and 
younger cows, the number of last year's heifers 
which are this year's herd replacements, VN, and 
the number of cows which have been in the breed
ing herd more than one year, VB, were included 
in another cow equation, not shown. The 
coefficient on VN was insignificant, but their 
respective coefficient magnitudes were of plausible 
order. 

14. 	 The coefficient of variation of VQS is 0.36. 
15. 	 When estimating the number of calves being 

retained for the bull herd, I alloted a relatively 
small number in 1953 through 1956 (180,000 
annually on average) and substantially more 
(250,000) from 1956 to 1959. Reversing the mag
nitudes might have been more accurate. 

16. 	 Yver (1971) suggested that the increase was due 
to farmers' mechanizing and disposing of their 
draft animals, including oxen. But the bull herdj 
grew more rapidly than the herd in general during 
these years disa:ffirming Yver's hypothesis. Also, 
there was no clear tendency for the proportion to 
decline even after very few oxen were used for 
draft: The proportion of bulls slaughtered in 
1966/67 was 15.6 percent. 

17. 	 The rapid rise in the level of the bull herd can be 
explained fairly simply. When PerOn's policies 
turned more favorabl' to agriculture in 1952, 
import restrictions were still in place, including 
those on agricultural capital inputs, and the 
domestic input-supply industry was not well 
developed. As producers' expectations improved 
with the hope of a better policy environment, they 
increased investment in the only type of capital 
available-- cattle--and, in particular, bulls to 
improve the stock. 

18. 	 Goods purchased by a rural worker differ from 
those of an urban worker, particularly in the 
weights given to transportation, electricity, rent, 
and food. 

19. 	 The ratio of rural to urban wages was used to indi
cate the opportunity cost facing permanent rural 
laborers with similar, i.e., positive results. 

63 

21. 	 Devaluation could cause a change in the composi
tion of _demand, if foreign demand is qualitatively 
different from domestic demand. Because devalua
tion in Argentina has often been accompanied by 
an export tax design to lessen its impact on the 
beef market and hence on prices, the devaluation 
should be considered net oj 't anges in export 
taxes. For reasons of data unavailability, I was 
unable to do this, and this could have affected the 
results especially in recent years. Nores ( 1972) 
considered changes in export taxes and subsidies 
when calculating changes in the effective 
exchange rate. 

22. 	 In Nores' (1972) slaughter equations, a negative 
and statistically significant credit variable 
reflecting total bank loans for cattle production, 
indicated that producers reduce slaughter to build 
up herds when credit is eased. 

23. 	 Reca (1970) estimated a total supply response 
function in which the volume of agricultural pro
duction responded positively to changes in the 
agricultural terms of trade as measured by the 
ratio of agricultural to nonagricultural implicit 
GDP prices. 

24. 	 Where the coefficients on lagged price are gen
erally positive as in the steer equations, 

°'N<NS/N. 
25. 	 In the previous specification (Table 9), the uncon

strained constant stole much of the effect of the 
herd level variable. 

26. 	 The length of the lag may reflect the time 
required to alter the genetic composition of the 
herd as well as changes in feeding programs. A 
major problem for Argentine producers has been to 
change the meat conformation and fat content of 
their animals to meet shifts in demand, particu
larly foreign demand. These changes must be 
accomplished chiefly through shifting breeds or 
selecting animals of the same breed with different 
characteristics. Winsberg (1968) discusses the 
changes in the breed composition of the Argentine 
herd and the secularly changing characteristics 
exhibited by individual members of different 
breeds, and indicates that changes of both types 
have been quite significant, particularly since 
World War II. The heaviest of the major breeds, 
shorthorns, which were traditionally produced pri
marily for the English market, decreased from 75 
to 34 percent of the herd between 1937 and 1960. 
Further, the mature modem shorthorn weighs 
about 1,200 pounds, whereas the first Shorthorns 
imported into Argentina sometimes exceeded 3,000 
pounds. 

27. 	 The negative sign of the coefficient on VACt-l is 
contrary to expectation and is difficult to explain. 



VI. Estimation of the Slaughter and Average-Slaughter-Weight 

Equations by Instrumental Variables 


The slaughter and average-slaughter
weight equations were reestimated by instru
mental variables (IV). Because the 
beef/grain relative price was positively seri
ally correlated, its lagged values were con
sidered endogenous as were the various 
current category herd stock variables. Past 
herd levels, weather, and several variables 
affecting domestic and foreign consumption 
demand constituted the instruments. 

The residual pattern encountered in the 
equations marked with a subscript 1 in Table 
9 exhibited autocorrelation even more 
extreme than experienced with the OLS ver
sion. This led to a search for a new variant 
of the rural wage variable to represent the 
labor and tenancy market disruptions during 
the Peron era. This new variable was highly 
significant in several of the equations and its 
inclusion removed most of the serial correla
tion previously evident. The final instrumen
tal variable results presented in Table 13 are 
quite good; their asymptotically valid statis
tics implied a high degree of significance for 
most of the coefflcients under the usual 
assmumptions. 

The (IV) results for the first equations 
in each category are quite similar to those by 
OLS presented in Table 9, except in two cases 
the residual patterns evidenced more pro
nounced serial correlation than did their 
counterparts. Recall though that the OLS 
estimates had been corrected using autore
gressive transformations, so it is not surpris
ing that the untransformed IV results exhibit 
some of this problem. 1 What is surprising is 
the improvement that occurred with the 
inclusion of the new wage variable. The 
effect was so dramatic that it merits further 
discussion. 

Recall that the real rural wage index 
WAGE had not been a satisfactory measure 
on the effect of (perceived) changing factor 
costs on the choice of production activities. 
Reexamination of WAGE revealed why the 
variable had performed so poorly and sug
gested a reformulation. Apparently the 
demand for agricultural labor was more 
important in determining the wage level than 
were those government policies which 

attempted to institutionally increase the 
wage rate. Actually the administered wage 
fell rapidly in real terms because it was not 
readjusted to keeping up with inflation. Pro
ducers' concern about labor costs induced a 
significant shift out of grains into cattle, but 
the shift was due more to the expected or 
potential cost of tenant rental contracts leg
islated by the government. It was the 
increase in this cost that caused producers to 
shift away from sharecropping, simultane
ously reducing the demand for hired labor by 
the tenants themselves. Indeed, this shift 
brings on a sharp drop in the real wage of the 
agricultural worker. It was not that these 
falling wages reflected an increased supply of 
labor, but rather a decreased demand for it. 

The WAGE variable reflected the low 
prices for grains during World War II 2 and 
the associated low demand for agricultural 
laborers as well. WAGE fell even more 
abruptly (from 107 to 67) between 1946 and 
1952. This 40 percent decline was caused by 
the combined effects of administered wages in 
the agricultural sector, inflation, and lagging 
agricultural demand. Finally, after 1952, 
when a heavy rural outmigration was taking 
place, and especially after 1958 when 
machinery inputs began to appear again, 
revitalizing grain production, the agricultural 
wage began to rise in real terms. But, even 
then, it remained below its pre-1944 level. 
After the mid-1950., WAGE rose somewhat, 
fluctuating greatly during the time of rapid 
inflation and stablizing in the mid-1960.. 

Peron's policies were most discrimina
tory against agricultural producers during 
1945-52--the years of the most severe decline 
in W AGE--and the years when the rural 
worker was supposedly being aided most. 
First, the low grain prices lowered the 
demand for agricultural labor by inducing a 
shift from grains to the less labor-intensive 
cattle production. Moreover, imports of agri
cultural machinery, severely restricted dur
ing the depression years of the 1930s and 
during the war, continued to be restricted by 
protective tariffs designed to favor domestic 
industry. Capital in the form of agricultural 
machinery was more complementary to the 
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Table 13 

Aggregate and Individual Category Slaughter 


Equations by Instrumental Variables• 


H, tHt (.6.P/P}[ pt pt-I pt-2 pt-3 P,4 pt-5 (.6.W/W)t Wt Wt-I w,_2 wt-3 w,4 wt-5 .6.RL.i .6.Rl.i+2 EXPSi.2 R' OW SER 

Eq. S1: 0.170 0.0011 -25469 
(14.92) (2.0S) (4.07) 

-17075 
(6.12) 

-3089 
(1.71) 

4419 
(2.22) 

S449 
(3.SS) 

-11916 
(l.55) 

-343 
(3.19) 

-7.19 
(O. IO) 

162 
(2.49) 

164 
(3.58) 

0.899 1.53 493S 

Eq.Si 0.16S 0.0016 -30735 
(18.3S) (3.0S) (5.94) 

-19520 
(8.42) 

4711 
(3. IS) 

3399 
(2.14) 

4989 
(4.14) 

-15337 
(2.51) 

-340 
(4.06) 

-l!.63 IS8 
(0.IS) (3.13) 

161 
(4.SO) 

296 
(3.08) 

0.924 2.44 3844 

Eq. NS 1: 0.964 
(74.8) 

5984 
(2.05) 

-1860 
(1.78) 

IS27 
(1.87) 

3406 
(3.32) 

3778 
(3.64) 

2643 
(3.74) 

2724 
(0.91) 

-86.4 
(2.30) 

2.92 
(0.18) 

47.I 
(1.83) 

46.I 
(2.07) 

-23S09 
(2.42) 

0.827 1.61 2289 

Eq. NSi: 0.96S 
(68.3) 

4695 
(I.SO) 

-16SS 
(l.S7) 

1478 
(1.81) 

3210 
(3.24) 

3541 
(3.57) 

2471 
(3.67) 

-02.7 
(2.11) 

-0.19 
(0.38) 

28.4 
(1.60) 

40.9 
(2.IS) 

31.S 
(3.32) 

4.21 
(0.08) 

-2S831 
(2.SS) 

0.827 1.74 2271 

Eq. vs,: 0.249 
(11.9) 

-0.0020 -0719 
(1.91) (4.42) 

-W2J -1694 
(2.38) 

-1380 
(2.99) 

-JOSS 
(2.34) 

-716 
(1.64) 

-364 
(1.22) 

-2023 
(l.02) 

-3.87 
(0.13) 

16.1 
(0.78) 

0.633 0.86 1289 

a
"' 

Eq. YS2: 0.221 
(4S.6) 

-8243 
(6.16) 

-2424 
(4.07) 

-1886 
(4.79) 

-137S 
(3.69) 

-890 
(2.SI) 

-432 
(1.80) 

-2995 
(l.86) 

-1.15 
(0.0S) 

-837 
(0.57) 

9S.7 
(3.96) 

0.763 1.18 I037 

Eq. TS 1: O.OS90 
(16.9) 

-2191 
(0.81) 

-2540 
(2.12) 

-438 
(2.12) 

686 
(0.63) 

831 
(0.67) 

-32.6 
(1.08) 

-7.09 
(0.42) 

6.8S 
(0.3S) 

9.21 
(O.S8) 

0.080 0.62 2134 

Eq. TSi 0.0672 
(24.8) 

-4537 
(2.02) 

-2S09 
(2.17) 

-1307 
(1.76) 

-471 
(0.47) 

-49.6 
(2.42) 

-36.1 
(2.61) 

-19.6 
(1.41) 

167 
(S.70) 

0.620 1.73 1364 

Eq. VSf 0.109 
(12.9) 

0.0001 
(0.2S) 

-9006 
(3.63) 

-4495 
(3.72) 

-980 
(1.23) 

940 
(LIO) 

1267 
(1.94) 

-37.4 
(LIS) 

-32.3 
(1.34) 

-24.4 
(0.92) 

-13.6 
(0.68) 

0.702 1.21 2129 

Eq. VS 2: 0.0099 0.0008 
(17.2) (2.4S) 

-3453 
(l.40) 

-S8S4 
(4.4S) 

-2049 
(2.49) 

-97.8 
(0.09) 

-3S.8 -36.9 
(l.S3) (1.94) 

-25.0 
(1.38) 

146 
(4.01) 

0.863 1.69 ISOS 

Eq. VQS 1: 0.168 
(4.63) 

0.0042 -10999 
(2.3S) (5.34) 

-5566 
(S.96) 

-1901 
(3.16) 

248 
(0.38) 

882 
(1.74) 

-8325 
(3.21) 

-135 
(3.77) 

-I0.8 
(0.45) 

S3.3 S6.9 
(2.SI) (3.79) 

0.872 Ll6 164S 

Eq. VQS,: O.IOS 
(2.09) 

0.072 -11026 
(2.91) (4.90) 

-4696 
(4.82) 

-2023 
(3.12) 

-217 
(0.3S) 

722 
(1.21) 

794 
(1.97) 

-0299 
(2.19) 

-76.5 
(1.92) 

11.7 
(0.39) 

63.5 
(2.48) 

78.8 
(3.72) 

S7.7 
(4.31) 

-24.0 
(0.57) 

0.864 1.68 1692 

Eq. BS 1: 0.0062 338 
(S8.S9) (2.01) 

-299 
(4.57) 

-O.S3 
(O.IS) 

170 
(3.26) 

230 
(4.24) 

173 
(4.60) 

-40.7 
(0.20) 

-4.37 
(1.67) 

4.15 
(3.29) 

7.73 
(6.30) 

6.34 
(6.27) 

0.934 1.99 14S 

Eq. BS2: 0.0062 367 -292 1.79 178 236 177 -4.21 4.33 7.78 6.43 -1.41 
(SO.OJ (2.26) (4.56) (0.04) (3.29) (4.33) (4.74) (2.10) (4.11) (6.SI) (6.SO) (0.43) 

a. See Tables 6 and 9 for explanation of symbols. Additionally .6.RL =lhe net annual change in the rural labor force~ t-statistics are in parentheses. 
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demand for rural labor than was capital in 
the form of livestock, so a decline in the stock 
of machinery also decreased the demand for 
labor services. 

Second, even those policies ostensibly 
designed to improve conditions for rural 
workers seem to have operated in the oppo
site direction. To assist workers, Peron intro
duced rural labor unions, established rural 
minimum wages, froze tenancy agreements, 
prohibited landowners from ejecting tenants, 
and even threatened widespread expropria
tion and redistribution of farm land. Such 
policies induced a shift from grain to cattle, 
thereby creating an excess supply of labor. 
This in turn caused significant migration 
from rural to urban areas where, fortunately, 
jobs were available. Indeed, producers 
directly encouraged outmigration by purchas
ing tenants' contracts. Thus, the grain-to
cattle switch was not a response to increased 
real agricultural wages but rather to an 
increase in the expected cost of keeping a 
tenant. Producers reacted to the threat of 
expropriation just as they might have to 
higher wage costs. And in a sense the actual 
effect was similar, for the existence of a 
tenant on the property increased the proba
blity of expropriation and increased costs in 
avoiding it. 3 

Third, although the rural minimum 
wage was fixed in nominal terms during 
much of this period, rapid inflation quickly 
eroded the real wage and apparently no 
significant effort was made by the Peron 
government to prevent this. 4 

The best available measure of the net 
effects of these various policies was the net 
annual change in the rural labor force. The 
Argentine National Development Council 
(CONADE, 1963) estimated the size of the 
rural labor force through 1962, based on sam
ple information in both urban and rural 
areas. The resulting series is only approxi
mate and does not consider variations among 
regions or particular production activities, 
but it is a relatively good general index of 
labor movements occurring in the Pampas 
during the period studied. 5 The data indicate 
that the rural labor force increased from 
1937/38 to 1942/43, declined slowly to 
1952/53, declined rapidly to 1959/1960, and 
then declined somewhat more slowly to the 
late 1960s. 

The increase in the rural labor force 
stops almost abruptly with the beginning of 
Peron's administration, but its greatest 
decline followed Peron's ouster in 1952/53 to 
1959/1960, even while the beef/grain relative 
price was rising. This seems counter to the 
conventional belief that the greatest outmi
gration was during the early years of Peron's 
rule. Grain prices were first depressed by the 
war and then by government controls, with 
corresponding impact on the demand for agri
cultural labor. Peron then froze the existing 
tenancy contracts in 1948. Given the rate of ,_ 

inflation, . which rapidly reduced the real 
value of the rent payments toward zero, this 
action amounted to temporary expropriation 
and redistribution of the land to tenants. 

,. 

Owners effectively lost control over their land 
held by tenants, received little real payment, 
and could use only bribes or threats to induce 
tenants to yield their position. 

Then in 1952, Peron announced a major 
policy reversal. Faced with a deteriorating 
balance of payments caused by the inability 
of the stagnant agricultural sector to meet 
the rising intermediate good needs of the 
growing industrial sector, he promised higher 
agricultural prices, suggested legislation per
mitting new tenancy agreements, and at least 
momentarily ended the threat of expropria
tion. The effect is clear. Tenants' expecta
tions changed; some who previously had 
refused to leave, hoping for eventual outright 
ownership, decided to sell their contracts and 
try alternative opJ'ortunities in the growing 
industrial sector. The producers, who had 
been burned once, took no chances and 
switched to cattle, despite the rising relative 
price of grains. It was not for several years 
after the ouster of Peron that producers 
began to return to grains. 

The variable RL,, the change in the 
rural labor force (with mean zero) was 
included in the slaughter equations improv
ing the results considerably. Compare the 
second equation in each category with the 
first in Table 13. The coefficient on 1:1.RL, is 
positive and significant at the 1 percent level 
for calves, yearlings, cows, and aggregate 
slaughter, indicating that a reduction in the 
rural labor force is associated with a reduc
tion in the transitory component of slaughter 
for several categories. The interpretation of 
this positive relationship is somewhat com
plex: 
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Table 14 

Signs of the Coefficients on P, and (f!t.P/P), 
in the Instrumental Variable 

Slaughter Equations. 
Specification 1 Specification 2 

H, 
P, (!!t.P/P), P,

• 
N, _a + _a 

Y, 
v, 

a 

• 

VQ, 
T, 
B, +" • 

Specification 3 
(!!t.P/P), 

_a• 
• 

_a 

a. Coefficient not asympototically significant at the 5 percent level using a one tailed test. 
• indicates which of the three equations in each category had the highest ii2 . 

Conditions that promote a switch from grains 
to cattle entail a rural to urban labor migra
tion (i.e., a reduction in the rural labor force) 
and a temporary reduction in slaughter as 
the herd buildup begins. The significance of 
the coefficients of the other variables 
increased markedly and nearly all of the 
serial correlation of the residuals was 
removed. The strongest effect of the labor 
disruption was on the reduction in slaughter 
of calves, yearlings, and cows--the animals 
most in demand for fattening, for the land 
involved in the grain-to-cattle switch was of 
high quality. Producers making the switch 
usually planted their land to alfalfa or other 
artificial pasture and purchased animals to 
graze it. Some producers moved into breed
ing as well, but on the more productive land, 
the more profitable enterprise was fattening. 

In the steers equation, there is no effect 
evident from !!t.RL, but there is no reason to 
expect one. Although the steer stock 
increased, for a given size the same percen· 
tage was slaughtered as in the absence of the 
grain-to-cattle switch. The higher the oppor
tunity cost of the feed, the lower is the 
optimal slaughter age of a fattened animal. 
The land being taken out of grain production 
was highly productive, so animals fattened 
there could not be kept economically to an 
extreme age. 7 Hence, there is no reason that 
the optimal age of the slaughtered steer 
should have changed or the rate of steer 
slaughter varied. 

The nonsignificant effect of !!t.RL in the 
heifer equation might be explained in part by 
the increased calving rate during this period 
making it less necessary to withhold heifers 
from slaughter, though this explanation is 
not entirely satisfactory. The nonsignificant 
of !!t.RL in the bull equation might be 
explained by the heterogeneity of the bull 
stock. But on the conjecture that the bull 
herd series was constructed so as to leave the 
estimated bull herd too low in 1952/53
1955/56, I entered !!t.RL,+ 2 to reduce the anti
cipated serial correlation in the residuals 
when estimated with the corrected data. The 
effect was not significant, 8 but the regres
sions for the bull slaughter-weight equations 
imply that bulls were being withheld during 
this period for use in the breeding herd. 

Recall that in the specification of the 
price coefficients, it was assumed that produc
ers respond to an expected price when mak
ing their slaughter decisions and that this 
expected price could be modeled as a function 
of current and past prices and the current 
rate of change of price. The relevant price is 
that expected to prevail at the time the 
animal, or its product, will be sold. For steers 
this expected price is much more short term 
than, say, for heifers, so the specification and 
the form of the lagged distribution should 
probably differ across categories. Three alter
native specifications of the category-relevant 
expected price were used: (1) current and 
past prices, (2) the current price, past prices, 
and the current rate of change, and (3) past 
prices and the current rate of change. The 
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equations in the three specifications were 
identical except for the price variables. 9 The 
general results are presented schematically 
in Table 14. Specification two gave uniformly 
better results than specification one; for 
every category except bulls, the rate in 
change of price was significant in this second 
specification. Specification three gave better 
results than two for steers, yearlings, and 
calves in terms of Ji2. 

After this selection process for the best 
specification for expected price, several addi
tional equations were estimated for each 
category to determine the best specification 
for the weather lag distributions. The pre
ferred results are presented in Table 15 as 
the second equation for each category, 
together with other versions. 10 

The final econometric results are very 
satisfactory. Each equation explains a high 
degree of the variation in slaughter of the 
respective category, and the coefficients of 
the independent variables are highly 
significant and consistent both in sign and 
magnitude with the previously developed 
theory. The expected negative coefficients 
were obtained on all price variables except in 
the steer and bull equations where only the 
price in year t is negative. Thus, in most 
categories, the annual rate of slaughter is 
reduced temporarily by an increase in price. 

There is some empirical support that the 
effect of the current rate of change of price is 
strongest for those animals destined for 
slaughter in the near future, i.e., the extrapo
lation of the current rate of change holds for 
short periods only, with longer price expecta
tions being based on an average of past 
prices. The relative impact of the current 
rate of change of price is, in descending order, 
strongest for heifers, yearlings, calves, cows, 
bulls, and steers, with the last two categories 
going positive. The normal proportion of the 
heifer and yearling steer stocks slaughtered 
is small, and apparently producers are easily 
able to retain even greater numbers with a 
given price signal. With an improvement in 
price, yearlings are retained for further fat
tening or for breeding. 

The positive price coefficients in the 
steer and bull equations (the rate of change 
of prices and the lagged prices after year t-1) 
might be explained in either of two ways. 
First, a price change may cause significant 

qualitative changes in the composition of the 
various category stocks. For example, a price 
increase inducing producers to withhold year
lings from slaughter in greater numbers may 
cause a temporary change in the age distribu
tion of the steer herd. This can affect the 
percentage of the steer category slaughtered 
in future years as the adjustment works 
itself out. In the model used, the coefficient 
on the stock variable is not allowed to vary 
cyclically so the effect of changing the pro
portion of the stock slaughtered over the 
cycle is forced onto the lagged price variables. 
Second, an enduring increase in the 
beef/grain relative price ought to increase the 
number of steers slaughtered relative to the 
number of yearlings, lowering and raising the 
proportion slaughtered in the two categories, 
respectively. The positive coefficients on the 
lagged price variables in the steer slaughter 
equation might be reflecting this effect. 
Further support for this interpretation is 
found in the long, statistically significant 
negative distributed lag on the price 
coefficients, of opposite sign, in the yearling 
equations. 

The positive sign on the rate of change 
of price in the steer equation also has at least 
two possible explanations. First, the price 
effect causes yearlings to be withheld, but if 
some of them are held only for a moderate 
time period and become steers within the 
year, it makes it look as if existing steers 
were slaughtered rather than withheld The 
question is whether such withheld yearlings 
slaughtered as steers are sufficient to explain 
the observed positive coefficients. 11 

Second, Yver (1971) argues that if pro
ducers face a short-run feed constraint, they 
will be unable to increase the herd in the 
short run as much as they would like. Their 
desire to retain animals of all ages will cause 
a rise in the opportunity cost of feed, which 
in turn will prompt the slaughter of some. 
The animals most likely to be affected will be 
those near their time of slaughter, such as 
steers, for the capital values of animals with 
longer productive lives will be less sensitive 
to a short-run change in the cost of feed. 

While Yver's explanation is ingenious 
and plausible, and this same situation may 
apply to bulls, this feed constraint could not 
hold very long because additional land could 
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Table 15 

Aggregate and Individual Category Average-Slaughter-Weight Equations 


by Instrumental Variables• 

Const. l YAC,_ 1 (AP/ PJ, P, pt-I pt-2 pt-3 (8.W,"W)t w, Wt-I wt-2 w,_3 RL, RLt+ 2 EXPB1_2 R-2 DW SER 

Eq. W 1: 207 

(34.65) 

0.648 

( 1.18) 

-17.7 

(1.43) 

22.9 

(3.56) 

8.96 

(2.94) 

7.95 

I 1.78) 

0.138 

(2.15) 

0.122 

( 1.93) 

0.177 

(2.45) 
0.627 1.88 3.70 

Eq. Wi: 233 

(30.71) 

-1.73 

(2.44) 

26.8 

(1.87) 

8.28 

( 1.24) 

7.54 

(1.95) 

1.93 

(0.47) 

5.63 

(1.88) 

9.63 

(2.21) 

0.143 

(2.07) 

0.064 

I 1.201 

-0.403 

(l.90) 
0.839 2.03 2.49 

Eq. WN 1: 478 

(21.!J) 

-J.53 

(2.41) 

66.8 

(2.42) 

0.867 

(0.08) 

-6.58 

I 1.07) 

27.8 

(2.11) 

0.497 

(2.40) 

0.114 

I I.Oil) 
-0.052 

(0.62) 
99.3 

(2.60) 

0.859 1.26 7.79 

Eq. WN,: 444 

(90.37) 

8.94 

( 1.19) 

-4.66 

(0.97) 

0.363 

(J.88) 

0.265 

(5.20) 

0.172 

(3.05) 

0.084 

(1.84) 

0.654 

(3.34) 

84.4 

(J.77) 

0.884 1.77 7.07 

Eq. WYi: 302 
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1.60 

(4.59) 
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9.52 

(2.70) 

J.03 

(1.77) 

-1.95 

(1.58) 

-2.96 

(2.55) 

0.037 

(0.92) 

O.DJ8 

(l.14) 

O.D25 

(0.86) 
0.831 2.30 2.50 

Eq. WY2: 315 

(143.83) 
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(3.05) 

-1.J I 

I 1.78) 

-3.70 
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-3.27 
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Eq. WT1: 211 
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-0.568 

(l.04) 

12.1 

(0.90) 

3.66 

(0.58) 

4.88 

(1.40) 

-7.34 

(1.76) 

0.011 

(0.16) 

-0.032 

(0.43) 
O.D75 1.45 4.33 

Eq. WT,: 206 

(132.36) 

-1.29 

(0.32) 

5.38 

(2.51) 

-0.989 

(0.83) 

-4.01 
(2.69) 

-3.68 

(J.03) 
0.032 

(0.52) 

-0.031 

(0.65) 

-0.41 

(0.94) 

0.111 

(1.32) 
0.172 1.49 4.10 

Eq. WV 1: 488 

(54.68) 

-3.80 

(4.32) 

38.8 

(1.82) 
16.7 

(1.93) 

7.57 

(1.46) 

16.7 

( 1.93) 

0.287 

(l.76) 
0.888 2.14 6.81 

Eq. WY2: 471 

(92.14) 

-2.04 

(6.69) 

22.2 

(2.73) 

10.6 

(2.14) 

20.3 

(1.77) 
0.382 

(2.36) 
0.204 

( 1.15) 

0.873 1.92 7.26 

Eq. WYQ 1: 324 
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-0.772 

(5.50) 

12.1 

(J.12) 
3.62 

( 1.57) 

19.9 

(3.50) 
0.358 

(4.36) 

0.020 

(0.37) 
0.836 2.11 3.62 

Eq. WYQ,: 326 

(110.51) 

-0.985 

(5.18) 

IJ.7 

(J.32) 

4.80 

(1.90) 

21.J 

(3.64) 
0.366 

(4.39) 

0.018 

(0.33) 

-0.111 

I 1.25) 

0.832 2.05 3.66 

Eq. we 1: 669 

(41.91) 

-13.4 

(8.36) 
224 

(5.76) 

-44.0 

(2.89) 

-32.7 

(J.36) 
-0.17 

(0.83) 

-0.35 

( 1.82) 
0.881 1.50 12.9 

Eq. wei: 712 

(21.48) 

-14.7 

(4.58) 

248 

(J.74) 

-45.7 

(2.85) 

-33.3 

(J.31) 
-0.222 

(0.93) 

-0.381 

(I.SJ) 

-0.245 

(0.46) 
0.874 1.60 IJ.3 

Eq. WB3: 737 

(33.43) 

-17.6 

(7.93) 

309 

(6.33) 

-28.0 

(1.76) 

-20.8 

(3.23) 

-10.2 

(2.43) 

-J.25 

(0.56) 

0.165 

(0.03) 

-0.255 

( 1.35) 

-0.425 

(2.68) 

-0.340 

(2.47) 
-0.937 

(2.70) 

0.910 2.38 11.J 

a. See Tables 6, 9, and 13 for explanation of the symbols; t-statistics are in parentheses. 



be made available for pasture and forage if 
larger herds were desired. Therefore the 
higher rate of slaughter reflected in the 
lagged price coefficients could not be due to a 
feed constraint. 

In Nores' (1972) quarterly model of the 
Argentine cattle sector, the coefficient on the 
current quarter's price in the steer equation 
is negative and highly significant, as is the 
coefficient on P, in the two steer equations. 
Thus, whether yearlings cross categories, or 
whether an increase in the opportunity cost 
of feed occurs with some lag inducing produc
ers to sell more steers in the intermediate 
run, the immediate slaughter response of 
steers appears to be negative. 

The price coefficients in the bull equa
tion are similar to those in the steer equa
tion, but somewhat more difficult to explain. 
Perhaps a large number of bulls are raised 
specifically for slaughter. Thus, the bull 
category is more heterogeneous than the 
other categories. The price coefficients in the 
bull equation reflect the net effect from the 
withholding bulls for the breeding herd and 
the increased slaughter of the uncastrated 
males being fattened. An increased slaughter 
of uncastrated males with a price increase 
would support Yver's feed constraint argu
ment. And the average slaughter weight of 
bulls does decline significantly in response to 
a price increase, suggesting the slaughter of 
more younger and lighter animals. 

The aggregate slaughter equation 
(Table 13) performed very satisfactorily, but 
being aggregate cannot yield detailed 
insights into producer behavior and slaughter 
composition which the individual category 
equations provide. Nor is its predictive abil
ity quite as great. 

To test the hypothesis that the behavior 
of producers is asymmetrical in periods of ris
ing vs. falling prices because the supply con
straint is binding as prices rise, slaughter 
equations for each category were estimated 
separately for the rising price and falling 
price. Whenever an observation was lower 
than the previous observation, but higher 
than the average of the previous three years, 
it was included in both sets; the same pro
cedure was followed with the opposite 
occurrences. 

The coefficient on the corresponding 
stock variables was slightly higher for every 
category where prices were falling, but never 
more than 1 percentage point, and the stock 
level coefficients in each set of regressions 
were always very close to the magnitude of 
the stock level coefficients in the ordinary 
instrumental variables equations. The 
coefficients on P, (always negative) were of 
larger absolute magnitude for the years of 
rising prices in every case except for cows, 
but the difference was never large. 

The Average-Slaughter-Weight Equations 

The IV estimates for the average
slaughter-weight equations are presented in 
Table 15. Recall the meaning of the two 
additional variables: EXPB, the percentage 
of beef exported to Great Britain, with a posi
tive effect on slaughter weight expected and 
VAC, the percentage of the herd vaccinated 
against hoof-and-mouth disease, also positive. 
Because average slaughter weights are not 
very volatile, the constant term is highly 
significant. The aggregate slaughter weight 
(which declined about 5 percent over the 
study period) shows stronger response to the 
beef/grain relative price and weather than do 
any of the individual categories. Although 
most of these effect!! were significant for the 
categories, the aggregate captures changes in 
the composition of slaughter as price and 
weather varies. 

The size and weight of mature animals 
declined overtime, apparently as a function of 
a change in breeding practices. 12 The decline 
in average slaughter weights of cows and 
bulls is evidence for a decline in the actual 
animal size since the slaughter weight of 
these mature animals is not strongly affected 
by consumer tastes. The average slaughter 
weight of steers and heifers also declined, 
with that of the former being strongly 
affected by consumer tastes, relative prices, 
and other factors. The slaughter weight of 
calves remained roughly constant; that of 
yearlings increased, due to better herd 
management, improved pastures, and 
expanded veterinary services. 

Steers. The pattern of the coefficients on 
the price variables coincides with the 
slaughter equation evidence: Steers are not 
held back long in response to a price 
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increase; a change in the age distribution of 
slaughtered steers (as withheld yearlings 
enter) reduces the average steer slaughter 
weight. Better weather, however, has a 
strong positive effect on slaughter weights 
through year t-3. 

Because of the substantial positive 
serial correlation of this equation, particu
larly between 1947/48 and 1958/59, 13 RL, 
was included (Equation W 2). Because of its 
high collinearity with t and SS, however, RL 
captured their explanatory power, so they 
were excluded from the W 2 equation. That is, 
as the rural labor force has declined over 
time, so bas the steer slaughter weight while 
the percent vaccinated increased. 

Yearlings. The addition of RL to the 
slaughter-weight equation for yearlings had a 
similar effect. The significant pattern of the 
price variables indicates that a price increase 
momentarily increases the average yearling 
slaughter weight, but later decreases it as 
the better yearlings are held over to be 
slaughtered as young steers. 

Calves. Very little of the variation in 
calf slaughter weights is explained by the 
estimated equation, but calf weights have lit
tle variation to explain. However, there is a 
significant positive response to price in year 
t. 

Cows. The cow slaughter-weight equa
tion is dominated by the constant and the 
negative trend. Cows' slaughter weight 
should vary only to the extent that current 
prices or pasture conditions make· their fat
tening profitable for an extra period; the 
coefficients on lagged prices beyond the first 
were not significant. Equation WV1 is 
preferable to WV2 because VAC,_ 1 is theoret
ically preferred to RL for cows, and both 
could not be included because of their high 
collinearity. Improved health should posi
tively affect the slaughter weights of cows; 
VAC,_ 1 is a good proxy for this effect. 

Heifers. Heifer slaughter weights show 
little sensitivity to either VAC,_1 or RL,. 
The decline in heifer slaughter weight over 
time is captured by the trend. Price and 
weather in years t and t-1 are significant and 
positive. If much of the weight gain achieved 
by heifers after their reproductive organs are 
fully developed is of little slaughter value, 
producers would be induced by a price 

increase to cull their slaughter heifers some
what earlier to free their pasture for other, 
more efficient converters. 

Two large residuals for heifer slaughter 
weights occur in 1951/52 and 1953/54, nega
tive and positive, respectively. There was a 
severe drought from 1949 to 1951 in the cat
tle breeding area with 1951 the worst year 
which forced the sale of heifers raised on poor 
pasture through two consecutive drought 
years, so their weights were much lower than 
usual. In 1953/54, the climate improved 
dramatically; the only heifers sold were fat
tened to heavy weights. 

Although the same outliers did not 
appear in the cow slaughter-weight equation, 
the residuals in the cow slaughter equation 
did show a higher actual than predicted 
slaughter in 1949/1950-1950/51 during the 
drought, lower in 1952/53-1954/55 during the 
recovery. This effect is not apparent in the 
heifer slaughter equation. Indeed, in 1950/51 
the actual slaughter of heifers lies below 
predicted slaughter. The cow negative and 
heifer positive residuals may mean that pro
ducers sacrifice their older breeding animals 
rather than their incoming heifers when 
drought occurs. 14 

Bulls. AB usual the bull equation 
coefficient patterns differ from those for other 
categories. When the price increases or the 
weather improves, the slaughter weight drops 
sharply. In 1959/1960 and 1960/61, when the 
beef/ grain relative price rose dramatically, 
the average weight of bulls slaughtered was 
more than 100 pounds lighter (10 percent) 
than in the preceding or succeeding several 
years. 

AB in most of the other equations, the 
introduction of RL, substantially improved 
the Durbin-Watson statistic, but the variable 
was not statistically significant. On the 
theory that the same influence was present 
but began at a slightly different point in 
time, I tried RL with a two-year lead. RL, +2 

had a significant negative coefficient, indicat
ing that bulls were slaughtered at heavier 
weights during the grain-to-cattle switch; 
VAC,_ 1 continued to have a highly significant 
positive coefficient. Because RL,+2 leads the 
switching effect evident in the other 
categories, new cattle enterprises cannot 
have produced heavier bulls. Rather, it must 
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be that the existing breeders withheld 3. 

younger bulls from slaughter to increase the 
bull/cow ratio, thereby shifting the slaughter 
composition to heavier bulls. 

Aggregate slaughter weight. The aggre
gate slaughter equation shows the combined 
effects of the changes in slaughter composi
tion and the changes in individual slaughter 
weights with respect to changes in price, 
weather, and other factors. The inclusion of 
JlL, in the second equation sharply increased 
R 2 and the significance of all the other vari
ables, and reversed the signs of t and of 4. 
VAC,_ 1 so that they were now as expected a 
priori. There has been a secular decline in 
the overall average slaughter weight, but this 
trend has been partially offset by the 
increased weight due to reducing hoof-and
mouth disease. The negative coefficient on 
RL, indicates that a higher aggregate 
slaughter weight was associated with the 
switch from grains to cattle. The primary 
use of the new pastures from farmer crop 
land was for fattening animals that other
wise would have been slaughtered younger. 

The price and climate effects are also 
interesting. The current and lagged 
coefficients on both price and weather are 
always positive, indicating that the net 5. 
response is to produce a heavier average 
animal. When both the rate of change of 
prices and the price level in year t are 6. 
included, both have positive, marginally 
significant coefficients. Thus, there appears 
to be a response to the rate of change in 
prices, as well as to the level. 

Endnotes to VI. 

I. 	 For most animal categories actual slaughter lay 
above predicted slaughter from 1946/47 to 1952/53 
and substantially below predicted slaughter from 
then until 1958/59. The consistency of this result 
across categories implies that it was not caused by 7. 
a change in consumer demand, that is, it was not 
merely a switch in slaughtering between 
categories. Apparently it is more related to the 

8.
fact that in 1952/53 Per6n announced a change in 
policies, promising less discrimination toward the 
rural sector. 

9. 
2. 	 Grains could not be exported during the war 

because of the shortage of shipping space. Grain 
prices were supported by the government, but were 
allowed to decline to very low levels. 
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Diaz (1970) found the urban wage rate a 
significant negative factor in the area planted to 
corn each year, implying that corn producers 
reduced their planted acreage when the opportun· 
ity cost of labor increased. Labor's primary role in 
corn production was in its manual harvest. This 
seasonal, transient labor often entered the rural 
sector only during the harvest months, so its 
opportunity cost is properly measured by the 
urban wage. This does not mean that the urban 
wage would necessarily be a good measure of 
opportunity costs for permanent agricultural 
workers and tenant farmers. 

Had the government intervened to maintain the 
minimun wage at higher levels, the shift away 
from the use of labor might have ·been even faster. 
On the other hand, while the agricultural policies 
implemented by PerOn were designed to reduce 
incomes accruing to the agricultural sector, the 
policies were supposed to be aimed at the rich, not 
the poor. To assure this, effective countermeasures 
were taken to protect rural wages. Whether these 
measures worked is hard to say. It appears that 
the rural worker actually bore a large share of the 
burden of the discriminatory agricultural policy. 
Thus, PerOn's policies are better classified as anti· 
agriculture, pro-industry, rather than anti-rich, 
pro-poor. The appendix contains a brief summary 
of the changes in rural welfare during PerOn's 
administration. 

I extrapolated this series through 1966 at a 
slightly declining rate, as suggested by colleagues 
in Argentina. 

The capital/labor ratio in the Pampas rose consid· 
erably during this period, but mostly because labor 
left, not because the stock of industrial capital 
was increased lsee Diaz, 1970). However, if the 
increase in animal capital lcattle) is included in 
the capital stock, the capital/labor ratio rises even 
faster. \'.:·: 

Between the censuses of 1947 and 1960, the 
number of tenant-worked agricultural units 
declined from 120,000 to 50,000; their total area 
farmed fell from 21 million hectares to only 9 mil· 
lion. This corresponded with a decline in the 
economically active population in the Pampean 
region of 37 percent. 

Older steers are produced primarily in the western 
grazing regions where land is relatively less pro· 
ductive. 

tl.RLt+ 2 will play an important role in explaining 
the variation in bull slaughter weights. 

The other variables included were the herd stocks, 
weather, change in rural labor force, and, in the 
case of steers, the percentage of slaughter 
exported to Great Britain. In formulations one 
and two, a polynomial distributed lag on prices of 



four periods beginning with year t and tied to zero 
in year t-4 was used. In formulation three, the lag 
distribution on prices began in year t-1 and was 
forced to zero in year t-5. 

10. The preferred bull slaughter equation includes 
only a multiplicative herd stock trend and no sim
ple herd stock variable. Both the aggregate 
slaughter equation and the heifer slaughter equa
tion use the third price specification, i.e., without 
the current price. The calf slaughter equation 
includes the current price variable with a shor
tened lag on past prices. 

11. But Yver t1971) cites data on the average 
slaughter weights of the different categories, 
including their cyclical variation, to suggest that 
withheld yearlings could not reach steer weight 
within one year. His data, however, give only the 
means, not the whole distribution of slaughter 
weights and hence do not prove the point. 

12. This change increased the efficiency of the 
animals as feed converters making them more 
compact. If animals approach their mature 
weight more rapidly (and if the composition of 
slaughter changes), the net effect of declining 
animal size on aggregate average slaughter 
weight and on average unit meat production 
would be offset. 

13. This positive bulge from 1946/47 through 1958/59 
implies a higher calving rate during this period. 
It appears that this increase was associated with 
the switch between grains and cattle. Because the 
land involved was of generally higher quality than 
that traditionally devoted to cattle, the calving 
rate could have been increased. It should also 
have increased because the producers who began 
to breed cattle in this area needed higher calving 
rates to make breeding profitable and hence 
devoted more effort to ensure this. Thus, when 

. 
' 

producers began to switch back to grain produc
tion in the late 1950s, this positive effect ended. 

Or perhaps the average mortality rates also 
declined during this period so that a higher pro
portion of the calves born lived to slaughter. 
Observers comment that rural land in Argentina 
is often held purely as a hedge against inflation by 
individuals who are not deeply worried about its 
real productivity. Nevertheless, duritlg the 1950s 
when the rate of inflation was high and land 
markets were relatively free, there was an 
improvement in several productivity indices in the 
cattle sector. Probably much of the land switched 
from grains into cattle had higher potential pro
ductivity in grains, and to this extent there was a 

real loss. But there is no evidence that the aver
age level of cattle management deteriorated. 

14. The heifer and cow slaughter-weight equations 
predict better after 1954/55 than before. The 
problem does not lie with the slaughter-weight 
records, for it does not occur in the other 

categ_ories. Perhaps the seasonal slaughter of cows 
and heifers changed more than that of the other 
categories which could have adversely affected the 
way the earlier calendar year data was 
transformed into fiscal year data using monthly 
weights for 1952-1966. When calculating the 
fiscal-year average slaughter weights, I used fixed 
weights for transforming the calendar-year data 
into the desired form. I had monthly data only for 
the years 1952 and 1966 and used the weights 
from these years for the prior years as well. 
Therefore, a change in the seasonal distribution of 
slaughter between these periods, particularly for 
heifers where the problem is most severe, could 
have caused this result. 
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VII. The Estimation of the Domestic Consumption 

and Export Equations 


Demand in this model encompasses both 
domestic and export demand. Several 
specifications of the domestic consumption 
equation where total domestic consumption of 
beef in tons per year, C,, was seen as a func
tion of relative prices, income, and popula
tion; none was entirely satisfactory. The 
emphasis in this study was on producer 
behavior and supply response. Demand-side 
results are presented and discussed only 
briefly, for completeness. The estimated price 
and income elasticities for domestic consump
tion were quite similar to those obtained 
later by Bieri and de Janvry (1971). 

Neither was the export demand equation 
satisfactory due to deficient data and lack of 
advanced statistical techniques, now avail
able. Rather than reestimate it, however, my 
early results are presented with only brief 
comment. I also make several qualitative 
remarks and refer readers, users, and policy 
makers to Nores' more thorough foreign 
demand study (1972). 

Domestic Demand for Beef 
Several sequential equations are 

presented in Table 16. In the first, beef con
sumption, BC is regressed on population.' PP,; 
the deflated retail price of beef (relative to 
the Buenos Aires cost-of-living index), RP,; 
and per capita gross national product, YC,; 
where the logarithms of the observation 
values were used. The statistically 
significant estimate of the relative price elas
ticity of beef is about -0.55. But the 
coefficient on population, 1.6, seems too large 
and the coefficient on income is negative and 
insignificant. The Durbin-Watson statistic 
lies at the lower end of the indeterminacy 
range for serial correlation. Consumption 
functions for beef of this type have been 
estimated by Guadagni and Petrecolla (1966). 

In the second equation, to test the effect 
of beef consumption of past income and 
prices, lagged values of each were included, 
but neither was significant. 

In the third equation, four variables 
from Guadagni and Petrecolla study replaced 
YC, and RP, : the per capita earnings of 
salaried and nonsalaried workers YW, and 
YR,; the retail price of beef relative to other 
foods and to nonfood goods in the cost-of
living index, RF, and RG1 • Because these 
series were available only through 1961, the 
regressions covered 1937-1961. Calendar-year 
data were used for the consumption and 
export equations. 

The use of these relative price variables 
avoided the difficulty that beef itself is a 
major component in the cost-of-living index, 
and it provided an opportunity to partially 
separate the cross-price elasticities of demand 
for beef between food and nonfood goods. 
However, the high collinearity between them 
made it difficult to separate their effects; nei
ther was significant. Neither income 
coefficient was significant, but the sign on 
YW was positive. An important income dis
tributional effect may be indicated by this 
result. 

In the fourth equation, the same Lwo 
income variables were run together with RP, 
with the same income pattern holding. Thus, 
though none of the coefficients was 
significant, an inelastic income effect is sug
gested. Recall that beef is very much a wage 
good in Argentina. Per capita beef consump
tion has been very high. The average annual 
per capita consumption of beef in Argentina 
during 1961/64 was 175 pounds, whereas New 
Zealand and the United States consumed only 
98 pounds each. And the average in Argen
tina was above 200 pounds per person for 
extended periods during much of the 1940s 
and 1950s. Given such extraordinary con
sumption, it seems likely that the income 
elasticity of demand for beef would be low. 

This finding, if valid, has an important 
bearing on policy, for Argentines frequently 
pose the dilemma of wanting both to consume 
and to export beef. Some contend that the 
working classes will increase their beef con
sumption substantially if they had higher 
real incomes, yet the low elasticity indicates 
that they may not. An increase in the rela
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tive price of beef is politically unpopular, but 
the evidence here indicates a price elasticity 
high enough to reduce domestic consumption, 
thus creating a larger exportable surplus. 
Then, this increased surplus might in turn 
contribute to higher per capita incomes by 
easing the foreign exchange bottleneck. 1 

The consumption equation was also 
estimated in linear form (equations 5 and 6). 
The results were sensitive to the choice of the 
income variables. In the fifth equation, the 
coefficients were of the same sign as the pre
vious regressions, all were significant (more 
than 10 percent), each coefficient was of a 
reasonable magnitude, and the Durbin
Watson statistic rose to 1.44, the inconclusive 
range. When YC'1 was used instead, it car
ried a positive coefficient significant at the 1 
percent level, but the Durbin-Watson statistic 
dropped, indicating the frobable presence of 
positive autocorrelation. 

Several times the Argentine govern
ment attempted to reduce domestic consump
tion to increase beef exports by declaring 
"meatless" days during which no beef could be 
consumed in restaurants or purchased from 
butchers. A dummy variable was included for 
the years this policy was in force, from 1952 
to 1955 and again from 1964 to 1966; its 
coefficient was negative, but not significant. 
However, nearly all of the equations had a 
large negative residual in 1964, suggesting 
that the impact of meat rationing was 
greater in this year. Although avoidance of 
the rationing devices should have been easier 
during the 1960s period because of the 
greater availability of refrigerators, a sub
stantial black market is reputed to have 
arisen in 1964. 3 

In still other versions of the domestic 
consumption equation, the relative prices of 
other meats were included but were 
insignificant, suggesting that the consump
tion of beef is insensitive to the relative 
prices of other meats and fish. (Argentines 
generally regard other meats and fish as infe
rior to beef.) These results are generally con
sistent with those of Bieri and de Janvry, and 
Nores. 

The poultry industry grew significantly, 
especially in the five years after 1966. The 
per capita consumption of poultry rose to 33.4 

[\ pounds in 1972, nearly one-fourth the amount 

l } 

on beef consumed. This growth was caused 
by improvements in the quality of the poultry 
available, as well as the decline in the price 
of poultry relative to beef. The per capita 
consumption of mutton declined steadily 
since 1939 from about 22 to 12 pounds per 
year, despite a significant decline in its price 
relative to beef. The per capita consumption 
of pork is low and has oscillated between 15 
and 20 pounds through the 1950s and 1960s. 
Studies have encountered a large cross-price 
elasticity between beef and pork. 

Still, historical evidence indicates that 
consumers once did react sharply to a large 
rise in the relative price of beef to pork and 
thereby suggests that the cross-price elastici
ties estimates using data from periods when 
relative price changes were small, may 
underestimate the effect which would occur 
from more significant changes in relative 
prices. 

During World War II corn could not be 
exported for lack of available shipping ton
nage. Its price fell dramatically and, in addi
tion to being used as fuel, it encouraged the 
development of the hog industry. Between 
1939 and 1944 the production of pork 
increased 250 percent, pork exports rose 88 
percent to 182,000 metric tons, and domestic 
consumption more than doubled to 258,000 
metric tons. During 1942/45, per capita pork 
consumption in Argentina averaged 32 
pounds per year, double the amount during 
either the preceding or succeeding four-year 
periods. During the same period, per capita 
beef consumption dropped, averaging 22 
pounds less than during the preceding four 
years. These facts can best be explained by 
the existence of an important cross·price 
effect beef-to-pork, not captured by my equa
tions or by other studies. 4 

Other trials produced some slight evi
dence that changes in the rate of inflation 
affect beef consumption. The large negative 
residuals in all of the beef-consumption equa
tion regressions for 1945 and 1946 may be 
due to the effect of changing expectations 
toward the rate of inflation. The cost-of
living index was roughly constant from 1936 
to 1944, then rose 23 percent in 1945 and 18 
percent in 1946. Beef consumption rose 
rapidly after 1944, but not as fast as 
predicted by the estimated equations, given 
the changes occurring in relative prices. 
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Thus, consumers may have been relatively 
reluctant to pay the higher nominal prices 
until they became accustomed to the expecta
tion of further inflation. Similar, though 
smaller negative residuals appear in 1955 and 
1956 when, after constant prices had pre
vailed for three years, inflation broke out 
again. An exception to this hypothesis, how
ever, occurs in 1959: The increase in the 
cost-of-living index was 111 percent, substan
tially above any previous inflation, and the 
retail price of beef rose 250 percent in abso
1ute terms, but the estimated equations yield 
a positive residual. 

Because inflation may affect consump
tion, and because the coefficient on popula
tion in the log-linear model seemed too large, 
two more variables were tried: the changes 
in the Buenos Aires cost-of-living index and 
the proportion of the population living in 
rural areas. Significant rural-to-urban 
migration occurred between 1947 and 1957 
and continued thereafter. Because the rural 
populace is sometimes attributed with a 
greater average propensity to consume beef 
than is apparent in the consumption esti
mates of the Ministry of Agriculture, the 
migration may have caused an increase in per 
capita beef consumption that needs to be 
accounted for. 

Neither of these variables, separately or 
together, with or without the population and 
cost of living variables, provided additional 
evidence beyond what is presented in Table 
16. The only robust result from the domestic 
consumption estimation effort seems to be 
that the coefficient on the relative price of 
beef to other goods implies a relative price 
elasticity of about -0.5. Beef consumption is 
probably not very income elastic in Argen
tina. Moreover, although the distribution of 
income may affect beef consumption, the 
effect appears to be weak. Rural-urban 
migration and changes in the rate of inflation 
may also affect consumption, but no satisfac
tory measure of their impact has been deter
mined. 

The Beef Export Equation 

Several of the more important deter
minants hypothesized to affect the study 
period were either difficult to quantify, and, 
even if quantifiable, the requisite data were 
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not available. The estimated equation is, 

therefore, unsatisfactory. I present it in 

Table 17 and rather than reestimating it 

using the better data now available, I present 

a qualitative discussion of the factors 

thought to affect beef exports. Because the 

structure of external demand has changed 

significantly during the last 30 years, the 

results obtained by Nores (1971) for a more 

recent period seem more useful for specific 

policy decisions than my equation. 


First, one important but frequently con
fused issue needs clarification. Several past 
studies of the Argentine cattle sector have 
assumed that beef exports are a residual, 
determined essentially by subtracting domes
tic consumption requirements from produc
tion. This approach results in the estimation 
of what might be termed export supply func
tions rather than export demand functions. 
Because beef production has not increased as 
rapidly as domestic consumption during cer
tain periods of the last three decades, particu
larly during the late 1940s and the 1950s 
many Argentines accept the correspondin~ ,. 
decline in exports as evidence of the residual 
theory. However, this theory does not appear 
to be justified either theoretically or empiri
cally. While the government has often taken 
steps to absorb or reduce the shocks from 
external sources which might affect domestic 
consumption, the data suggest strong com
petition between exports and domestic con
sumption for the available meat supplies. For 
example, the time profile of total slaughter, 
domestic consumption, and exports show the 
same secular pattern. Domestic consumption 
is not constant, nor does it grow at a constant 
rate, and exports have not absorbed the total 
variation in total slaughter. Furthermore, 
there · is apparently a significant relation 
between movements in the effective foreign 
exchange rate for beef and the level of inter
nal beef prices in Argentina. When the peso 
is devalued, the peso value of beef exports 
rises in percentage terms by the amount of 
the devaluation, less the change in export 
taxes, and, in equilibrium, internal prices 
must rise to the same level. To cushion the 
impact of devaluation on domestic prices, the 
government has frequently imposed export 
retentions and price controls. These inter
ventions should be understood as shifts in the 
external demand curve. Argentine producers 



Table 16 

Domestic Beef Consumption Equations 1937-1%6a 


Const. RP1 
RP _ RF1 RG1 YC1 YC,_1 YW1 YR, PP1 R' DW SER

1 1 

BC1 -8.63 -0.547 -0.096 l.57 0.945 1.16 0.050 
(3.99) (11.73) (0.37) (9.82) 

BC2 -9.88 -0.571 0.016 -0.023 -0.226 1.66 0.938 I.I 1 0.053 
(3.18) (5.54) (0.16) (0.06) (0.56) (7.39) 

BC3 -9.41 -0.152 -0.367 -0.142 0.139 1.49 0.942 0.984 0.052 
(3.60) (0.33) (0.87) (0.87) (0.70) (6.11) 

BC4 -8.29 -0.565 -0.117 0.126 1.55 0.945 0.964 0.045 
(3.81) (6.50) (0.83) (0.67) (8.49) 

BC5 -34711 -32842 13022 0.083 0.913 1.43 88.2 
(5.99) (l.99) (2.85) (78.00) 

BC6 -1201 13288 0.081 0.922 0.94 82.8 

-..) (10.43) (5.63) (93.51) 
-..) 

where Bq is beef consumption in tons per year; YC, = per capita GNP in year t; YW1 =per capita earnings of salaried workers in year t; YR1 =per capita 
earnings of nonsalaried workers in year t; RF1 =retail price of beef relative to other foods included in the cost-of-living index in year t; RG1 =retail price of 
beef relative to other nonfood goods included in the cost-of-living index in year t; RP1 = retail price beef relative to the cost-of-living index in year t; PP1 = 
population of Argentina in year t; !-statistics are in parentheses. 

a. The first four equations are in double-log form; the last two are linear. Equations 3 and 4 are estimated for 1937~1. 

Table 17 

Argentine Beef Export Equations, 1937/38-1966/67 


Const. t DEM DMEAT DWAR FP _ FP _ R' DW SERFP1 1 1 1 2 

EX: 554.74 2.96 -276.31 117.74 141.00 -1.38 -1.31 1.60 0.604 1.74 95.88 
(5.32) (0.52) (3.06) (1.07) (2.19) (0.46) (0.46) (0.84) 

Where 

EX =beef exports from Argentina; t = a time trend with unit increase from 1937/ 38 = 1 through 1966/67; DEM =a dummy variable for the years of the Argentine 
embargo of beef exports to Great Britain, 1951/52-1954/55; DMEAT =a dummy variable for the years during which "meatless" days were imposed, 1952/53
1954/55 and 1964/65-1965/66; DWAR =a dummy variable for the years of World War II, 1940/41-1944/45; FP1 =the foreign price of Argentine beef. The mean 
level of exports during the period 1937/ 38-196~7 is 511.6; !-statistics are in parenthesis. 



prefer to sell abroad if the peso price receivGd 
is higher there than in domestic markets, and 
changes in effective foreign demand, whether 
caused by domestic policy intervention or by 
external events, must be incorporated into 
the model. 

In my equation, exports were seen a 
function of the foreign price of beef, i.e., the 
dollar cost of Argentine beef abroad, the price 
of Argentine beef relative to beef from other 
countries and to other goods, the income of 
the countries constituting Argentina's 
market abroad, and several dummies 
representing serious disruptions in foreign 
markets or restrictions imposed on exporters 
by the Argentine government. 

The foreign price of beef was defined as 
the live price of beef in Liniers Market in 
Buenos Aires, P,, times the quantity one plus 
the export tax rate 5 divided by the exchange 
rate in force. 6 That is, FP,=P,Cl+t)/FX,. 
Multiple exchange rates existed for much of 
the period studied, and devaluations were fre
quent. Published series were not consistent 
for the 1950s; I chose a series constructed by 
Diaz (1971) 7 --the average exchange rate 
applied to exports. Thus constructed, the 
foreign price of beef will diverge from the 
true price faced by foreign consumers when
ever the particular exchange rate of beef 
differs from the average exchange rate, or 
when subsidies to the packinghouses were 
granted by the Argentine government and/or 
foreign import tariffs were in force. Changes 
in transportation costs or quota restrictions 
were not accounted for, but were thought to 
be of less importance. 

I did not ii'tclude a price variable for an 
international substitute for Argentine beef. 
Nores included the dollar price of Danish 
export steers and obtained a positive and 
significant coefficient. 

Because of the changing pattern of 
major importers of Argentine beef over the 
study period, an income variable was not 
defined. At the beginning of the period, 80 
percent of Argentine chilled beef exports 
went to the British market. In the late 
1960s, it dropped to about 25 percent, with 
the EEC and other countries divi ding the 
remaining 75 percent. Because changes in 
tariff and quota policies in different countries 
(including the use of government contracts) 

apparently influenced the effective size of the 
market more than the rate of growth in these 
countries, a time variable was used as a proxy 
for income growth 8 and two sets of dummy 
variables represented the major structural 
changes in foreign markets during this 
period. 

Argentine beef exports were strongly 
affected by government contracts during most 
of the study period. Between 1940 and 1946 
more than 97 percent of the refrigerated beef 
and 70 percent of the canned beef exports 
went to the United Kingdom, primarily as the 
result of contracts between the British and 
Argentine governments. In contrast, during 
the early 1950s, when Argentina contested 
the prices received for beef, an embargo was 
imposed on exports to the United Kingdom. 
The percentages of refrigerated and canned 
beef exports fell to 51 and 20 percent, respec
tively, in 1952. Thus, government contracts 
were the major determinants of the amount 
sold to various customers at certain times 
and influenced the magnitude of total beef 
exports. 

Dummy variables were included for 
three periods: during World War II, when 
beef was sold in large quantities to the allied 
nations; during the embargo of shipments to 
the United Kingde>m; and during the years 
when "meatless" days were enforced. The 
first two dummy variables represent direct 
changes in effective foreign demand, but the 
last is included because exporters occasionally 
could not obtain sufficient beef to fulfill their 
export contracts. This usually occurred when 
both retail and hoof prices of beef were fixed 
at levels too low to induce producers to supply 
enough beef to satisfy both domestic demand 
and export contracts. Rather than allow retail 
prices to rise, the government chose to ration 
beef on the domestic market, hoping thereby 
to free supplies for export. 9 

The estimated equation, given in Table 
1 7 shows that the dummy variables account 
for most of the explained variation in exports. 
The coefficient on the dummy for the war 
years is significant and positive, the 
coefficient for the years of the embargo is 
negative and significant, and the coefficient 
for the periods of meatless days is positive, 
but not statistically different from zero. 
None of the other ce>efficients achieved sta
tistical significance. lO 
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The dynamic effect of exchange devalua
tion on beef exports cannot be analyzed 
because the coefficients on the foreign price 
of beef were not significant. Nevertheless, 
certain observations can be made. The 
devaluation was particularly large (relative 
to the rate of change of the exchange rate in 
the preceding years) in 1939, 1950/51, 1956, 
1959, and 1962. In every case except 1950/51, 
the export share of the animals slaughtered 
increased in the year of the devaluation. 
This increase ranged from 1.1 percent in 1959 
to 3.9 in 1956. This evidence suggests that 
the foreign demand response to lower prices 
is quick: Beef was bid away from the domes
tic sector. 11 Also, there was an absolute rise 
in exports in each of the years cited except 
1959, implying that the foreign sector is able 
to increase exports in the short run following 
a devaluation. 12 

However, in every year immediately 
succeeding a devaluation, both the export 
share and total beef exports dropped (except 
for 1965) to levels significantly below those 
before the devaluation. Later, however, the 
export share and total exports rose again (in 
1941143, 1958, and 1962/63). The drop in 
1952/54 reflects the embargo on England. 

The result of devaluation is thus reason
ably clear. Exports increased absolutely after 
the devaluation, declined in the next year as 
producers, in response to the rising prices, bid 
for animals to increase their herds, later ris
ing again to higher levels, where they 
remained until inflation eroded their value. 
There is a sizeable perverse response to a 
devaluation to be faced in year t+l, which 
governments must be prepared to weather, 
but the balance of payments can be improved 
by devaluation in both the very short run and 
the intermediate run. 

Endnotes to VIL 

l. 	 A 5 percent decrease in domestic beef consumption 
from 1969 level:; would have increased beef 
exports nearly 15 percent and total exports by 
about 8 percent., assuming a constant real price 
received. 

2. 	 Another version was also tried using the wage 
share and the size of the rural population; both 
coefficients were negative, but neither was 
significant and the Durbin·Watson statistic was 
below unity. 

3. 	 In 1964, rigorous controls were clamped on 
slaughterhouses and butchers. According to 
official statistics, consumption in the federal capi· 
tal dropped by 10 kilograms per capita compared 
to 1963, even though a ceiling was instituted on 
retail prices at the time the meatless-days declara· 
tion was made. In the next several years, when 
fewer controls were used and maximum prices 
abandoned, consumption rose again to the pre· 
1964 level. Nares (1971) estimated that the 
implementation of beeftess days during parts of 
years 1964 through 1966 reduced consumption by 
about 7 percent. He notes that slaughter also 
declined during this period and suggests that pro
ducers sought to avoid the impact of domestic 
rationing, expected to be of short duration, by 
withholding animals until demand was freed. 

4. 	 Unfortunately, retail prices for mutton and pork 
were not available. I had to use the price of live 
animals in Liniers Market. These data show a 75 
percent increase in the cattle/hog relative price 
from 1939 to 1944, as the live price of cattle rose 
66 percent and the live price of hogs fell 8 percent. 
However, because price controls were in effect dur
ing much of the period, the retail price of beef rose 
only 30 percent. Meatpackers were subsidized to 
offset the difference. The. rise in the retail 
beef/pork relative price appears to have been 
about 35 percent. The decline in the per capita 
beef consumption suggests a significant price 
cross-elasticity of demand. 

5. 	 The export tax was introduced both for revenue 
and as an instrument to cushion the domestic 
market against the impact of devaluation. 

6. 	 Nares ll972J includes the net effective exchange 
rate and the farm price of beef as separate vari
ables in his export equation, rather than combin· 
ing them in a single multiplicative relationship, in 
order to be able to separate more easily the effects 
of changes in the exchange rate and the domestic 
price. 

7. 	 Diaz (1971), Statistical Appendix, Table 62. 

8. 	 Nares determined that the variation in weighted 
average of the rates of income growth of the coun
tries to which Argentina has exported beef during 
the last decade may be closely approximated hy a 
linear trend. 

9. 	 Occasionally this policy was reversed. Then, the 
government would prohibit exports in order to 
guarantee sufficient beef supplies for domestic 
consumption. 
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10. 	 Nores ll969) estimated an export equation for 
nearly the same period using a similar 
specification, but different· data, and reported a 
significant negative coefficient for the dollar value 
of Argentine beef and a positive significant 
coefficient for importing countries' weighted 
income. But the equation included no adjustment 
for the effective exchange rate. Nares' recent esti· 
mate (1972) of a quarterly export equation was 
rather successful. The Argentine farm price has a 
negative and significant coefficient, the effective 
exchange rate a positive and significant 
coefficient, and foreign beef supplies (Danish 
export steers) a positive and significant coefficient. 
The trend term, representing the growth of foreign 
income, is positive, but insignificant, and lagged 
exports are positive and highly significant. 

11. 	 The drop in 1950 was only 0.4 percent. The slight 
difference here was caused by the drought of 
1949/1951 in the breeding area. The slaughter 
share of steers and yearlings, the choice export 
animals, declined while that of cow,s and heifers, 
which are usually consumed in the domestic 
market, rose. 

12. 	 The reduction in slaughter from 1958/59 was 
nearly 27 percent, so large that even the increased 
export share did not increase actual exports. 
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VIII. Summary and Conclusions 


The stagnation of Argentine agriculture 
during the period 1945-1965 revived a histori· 
cal interest in the functioning of the Argen
tine cattle sector, long a prototype of large 
scale ranching in Latin America and the 
source of a significant proportion of world 
beef exports (nearly 20 percent during the 
1960s). The "structuralist" economists in the 
1960s emphasized the pattern of land owner
ship and the associated tenure system as 
major casual factors in agricultural stagna
tion. In Argentina semi -absentee landlords 
traditionally dedicated large tracts to exten
sive agriculture, particularly cattle ranching. 
They employed short-term tenants to cul· 
tivate grain crops intermittently with 
improved pastures and forage crops, thereby 
providing a grain-cattle rotation. This rota
tion system permitted the large scale produc
tion of cereals and oilseeds as well as beef, 
and usually maintained the high fertility of 
the Pampas soils, but many claim it worked 
against efficient resource allocation and 
discouraged the adoption of potentially 
profitable new inputs and techniques. 

Some argue that the large landlords 
were "satisficers" rather than profit maximiz
ers, favoring traditional methods which 
required little direct supervision. Or they 
maximized other than pure profit goals by 
remaining in Buenos Aires or other urban 
centers, supervising their ranching operations 
from a distance. Many were alledgedly not 
even aware of new technology as it became 
available. Land was held as a status symbol 
or as a hedge against inflation rather than as 
a productive asset whose return is to be max
imized. Such producers were thought to be 
unresponsive to price changes or not willing 
to invest in more intensive production 
methods. 1 

The tenancy system was also thought to 
have impeded price response and the adoption 
of technical change, particularly in the area 
of cereal cultivation. Responsibility for 
cereal cu:tivation was generally delegated to 
tenants. Yet the tenants were often con· 
tracted to produce specific crops, contracts 
which could be altered only by agreement 
with the landlord. These negotiations fre· 
quently proved clumsy, especially if the land· 

lord was not physically present at the time 
decisions had to be made. The system made 
it di Iiicult to introduce improvements in pro
duction methods, such as the use of yield
increasing inputs, for any such changes 
required renegotiation of input and output 
shares. 

In addition, insurance against crop 
failure (for natural causes) was unavailable 
in Argentina and tenants had limited access 
to credit, so they were unwilling to accept the 
risks associated with nontraditional, more 
intensive production methods. And tenants 
had little education which limited their 
access to production related information. All 
of these factors have potential to seriously 
distort resource allocation. 2 

Ferrer 0963) suggested that the faults 
of the land ownership and tenure system 
largely explain "the continued low yields per 
hectare of the main products of the Pampean 
region (and) the failure of the price incentive 
policies followed after 1950 for the purpose of 
increasing agricultural output in the Pam· 
pean region." This view is defensible only if 
it can be demonstrated that producers and/or 
tenants have not responded to economic 
incentives in an apparently rational manner, 
e.g., if they have not responded to price 
changes or have not adopted new production 
techiques which are privately profitable. 3 

Several efforts were made during the 
1960s to empirically test the price responsive
ness of Argentine agricultural producers. 
These studies sought to address the questions 
regarding producer behavior and to provide 
policy makers with a framework for predict· 
ing the effect on production (and exports) of 
changes in agricultural prices. Contrary to 
findings of most studies of other countries, 
little price response has been discovered in 
Argentina. 4 Almost no response was found 
for corn, a major crop which had experienced 
considereable output variation; the response 
evident during 1945-1965 for wheat, linseed, 
and oats is of much smaller magnitude and 
lower statistical significance than that 
encountered for these crops in most other 
countries with similar agricultural resources. 
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This apparent lack of price response 
gave some support to be "structuralist" 
interpretation of stagnation and suggested 
that price policy, per se, may have a very lim
ited usefulness in Argentine agriculture. 
Nonetheless, Ferrer's view, which suggested 
the need for land reform to introduce more 
modem and vigorous producers into the agri
cultural sector, was challenged by Reca 
(1967). Although his empirical work found 
little price response during the postwar 
period, Reca argued this behavior was caused 
by the discriminatory and capricious govern
ment price policy during the 1940s and 1950s 
which so frustrated and confused producers 
that they ceased to respond to the usual 
market indicators of profitability. In short, 
Reca accepted the lack of price response, but 
suggested that it was caused by government 
intervention in markets rather than by a lack 
of producer sensitivity. Reca presented evi
dence that producers were highly price 
responsive between 1924 and 1944, thereby 
confirming that government policy rather 
than producer motivation should be blamed 
for the more recent lack of response. 5 But 
Reca's model was simple;. his adjustments to 
the cattle herd data were probably not ade
quate to the econometric model undertaken, 
and he omitted important variables such as 
the price of grain in the slaughter equation. 
Reca also argued that low farm prices which 
discouraged new investments and more inten
sive farming, played an important role in the 
postwar agricultural output stagnation. 

Because cattle production can be 
increased only by increasing the size of the 
breeding herd and/or withholding animals for 
further fattening, producers must bid animals 
away from consumers to increase the capital 
stock which is the source of higher future 
beef production. And the slow rate of biologi
cal reproduction causes the negative supply 
response to persist for some time. Had the 
official herd data been better it might have 
been clearer to observers that a price increase 
does lead to an increase in production which, 
properly considered, involves both slaughter 
and a change in inventory. 

As a result of the continuing confusion 
within Argentina regarding the cause and 
implications of the short-run reduction in 
slaughter, I sought to show that this behavior 
was rational, that a properly specified model 
would show a significant price response, and 
that one could even show a theoretically 

correct differentiation of producers' behavior 
toward animals of different age and sex. 6 To 
accomplish these ends, microeconomic models 
were developed to provide a theoretical 
framework on which an econometric model of 
the Argentine cattle sector could be based. 
In this theory, producers hold cattle as long 
as their capital value exceeds their slaughter 
value. In essence, producers become portfolio 
managers seeking the optimal combination of 
different categories of animals to complement 
their noncattle assets, given existing condi
tions and future expectations. The theoreti
cal models show that parameter changes have 
a differential impact on the capital values of 
animals of different age and sex, indicating 
that the equations explaining slaughter and 
average slaughter-weight in an econometric 
model should be disaggregated by animal 
categories if a meaningful explanation of pro
ducers' responses is to be obtained. Accord
ingly, an econometric model was developed 
and estimated for the Argentine cattle sector 
for 1937-1967. .Judging by conventional Rta
tistical tests, it performed well in explaining 
the operation and past behavior of the Argen
tine cattle sector. And the empirical results 
supported the theoretical model theory. 

The estimated equations yield solid evi
dence that cattle producers have responded in 
an economic manner to changes in the 
beef/grain relative price and to its rate of 
change. The instantaneous response of 
slaughter to a price increase is negative for 
every animal category. However, even 
though the lagged price coefficients (and 
their sum) are negative in most of the indivi
dual category slaughter equations, the model 
as a whole indicates that the long-run elasti
city of slaughter is positive. This fact has 
frequently been misunderstood. Previous stu
dies based on single equation estimations 
could only show the negative short-run 
response of slaughter. Because these models 
could not show that a growing herd, through 
larger calf crops, would lead to increased 
slaughter over time, they tended to be misin
terpreted as implying a negative long-run 
elasticity as well. The estimated price 
coefficients in my model (and most others) 
give only the effect of price on the "transi
tory" component of slaughter, not the "per
manent" component. A reduction of 
slaughter one year increases the size of the 
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herd the next·· and therefore the permanent 
component of slaughter. It is the net effect of 
changes in both the permanent and transi
tory com~onents which yields the true effect 
of price. Indeed, the greatest impact on 
future production comes from the increase in 
the calf crop, as females are withheld to 
increase the size of the breeding herd. Thus, 
the equation estimating the number of calves 
born is crucial to the estimation of the long
run price elasticity. 8 

I believe my results should abolish all 
doubts about whether Argentine cattle pro
ducers respond to price. The results were 
obtained using herd data that were greatly 
improved over those previously available. 
The statistically significant results identify 
the slaughter response in the various animal 
categories. They show that producers sys
tematically reallocate their portfolios in the 
expected manner when the recursive effect of 
their decisions is strongly evident, i.e., with 
continuously operating markets for disposable 
productive assets. And because much of the 
indicated response is an interactivity shift 
within the agricultural sector between grains 
and livestock the price response shown by 
cattle producers implies a response by field 
crop producers as well. 9 

Finally, producers also react to nonprice 
disturbances, such as when government inter
vention in the tenancy market caused a 
reevaluation of the relative risk of the vari
ous activities, thereby shifting demand for 

[, the respective productive factors. Given this 
i type of shift, producers remain just as sensi

tive to market prices; i.e., prices continued as[\'. 	 the most important short-run determinant of
!' 	 production variation throughout the study 

period. 
Further, the macro-policy effects of the 

producer price response have particularly 
important implications in Argentina, given 
the structure of the economy, yet they have 
not received sufficient attention in the past. 
While the cyclical rise and fall of prices, pro
duction, and slaughter in the cattle sector 
have been seen as a type of the "cobweb" 
behavior familiar in agricultural activities, 
and a description of the causes of this cycle 
(including the timing of its turning points) 
has been identified as an important task, lit
tle emphasis 	has been given to the fact that 
the cattle cycle (regardless of its cause) itself 
contributes to the general economic cycles 

experienced in Argentina during the postwar 
period. 

The econometric model developed and 
estimated here "explains" the dynamic 
behavior of the cattle sector in the sense that 
it describes the effect of exogenous events 
such as devaluation, price fixing, export 
embargos, general economic growth, and 
climatic change on the level of prices, herd 
growth and slaughter. However, while the 
turning points of the cattle sector must be 
explained by reference to the economy as a 
whole, and particularly to government deci
sions regarding devaluation and the like, nei
ther government policy nor private activity is 
independent of the cattle sector. The cattle 
sector is important in Argentina because of 
the large role it plays in exports. Substan
tially more work is needed to describe the 
other side of this interaction. Here I can only 
sketch out what I believe to be the major 
issues. 

The cattle cycle is partially caused by 
the substantial recursive effects which 
current decisions have on the market price of 
cattle, and because producers' expectations 
are price elastic over some range, price move
ments tend to be cumulatively destabilizing. 
As a result, price policies designed to increase 
the supply of beef in the long run can be 
expected to decrease the current supply in the 
process. The stronger is producer response 
the more slaughter will be reduced in the 
short run, and the higher prices will climb. 

Policy makers have frequently resorted 
to devaluation in Argentina when the bal
ance of payments has been in crisis. A 
devaluation raises the domestic price of trad
able goods relative to other goods with the 
intent of reducing the consumption of export· 
ables, such as beef, while simultaneously 
stimulating internal production and increas
ing external demand for these goods. The 
evidence suggests that devaluation in Argen
tina usually has slightly increased beef 
exports iii very short run. The decrease in 
domestic consumption and the increase in 
foreign demand during the first year is usu
ally sufficiently great to outweigh the 
decrease in slaughter which results as pro
ducers attempt to increase herds. 

However, as producers respond to higher 
cattle prices, these prices rise even further, 
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partially offsetting the effect of the previous 
devaluation in years two and three, suggest
ing that the government must be prepared to 
weather a period of almost three years before 
devaluation can significantly assist the bal
ance of payments. Indeed, this balance is 
likely to become worse before it gets better, 
and whether it improves eventually depends 
largely on the degree of inflation which 
occurs during the interim. 

Devaluation does not increase nonbeef 
agricultural exports as much as might be 
expected for two reasons. First, agricultural 
producers are unable to increase crop produc
tion except by planting new acreage or apply
ing more inputs, particularly fertilizers and 
pesticides to increase yields. Because the 
land frontier in the Pampas has been closed 
for over three decades, and because fertilizers 
have never been used in significant amounts 
on the major export crops, increased crop pro
duction is likely to occur in the short run 
only if acreage is switched from beef to crop 
production. Yet there is no incentive for this 
to occur. To the contrary, devaluation will 
initially raise grain and cattle prices in equal 
proportions, but while grain prices are likely 
to fall in real terms as inflation continues, 
beef prices may well increase as producer 
response reduces slaughter. In short, pro
ducer response in the cattle sector will usu
ally induce a switch out of grains into cattle, 
thereby reducing the aggregate short-run 
devaluation response of grain production. 
The same short-run response which is said 
not to exist is in fact a partial cause of the 
lack of agricultural export increase. 10 

Second, even though Argentine 
manufacturing exports grew at a rate exceed
ing 10 percent per year during the 1950s and 
1960s, they accounted for only about 5 per
cent of total exports in 1965 and 10 percent 
in 1970. Thus, even a very favorable response 
to devaluation in this sector would have little 
proportionate impact on the balance of pay
ments. However, Ericksson (1970) found that 
changes in the effective exchange rate 
explain less than half the quite substantial 
variation in the growth of manufactured 
exports between 1950-1965, i.e., devaluations 
have not had a major impact on industrial 
exports. Indeed, the variation in export 
growth is inversely correlated with domestic 
growth in GNP, suggesting that manufactur
ers have attempted to enter foreign markets 

only when the domestic market enters reces
sion. 

The cyclical problem in Argentina is 
complicated by the close link between 
devaluation and inflation, and by the fact the 
internal demand for tradable goods is rela
tively price inelastic. It has been established 
that cost push elements are more important 
than monetary expansion as the causal fac
tors in postwar Argentine inflation. The rate 
of inflation is associated with changes in rela
tive prices (and associated changes in the sec
toral distribution of income), so devaluation, 
which leads to large relative price increases 
for agricultural products creates immediate 
pressures for higher wages in the urban
industrial sector. These pressures, plus the 
higher cost of imports, are likely to soon 
result in general industrial price increases. 
At the same time, devaluation is not likely to 
affect imports. Diaz (1970) notes that the 
import-substituting industrial sector is 
vitally dependent on imported fuels, raw 
materials, intermediate products, and capital 
guuds, and that these import• are quite price 
inelastic. Thus, the import bill is largely 
determined by the level of industrial output 
rather than by the relative price of imported 
goods. The average propensity to consume 
imported goods between 1947-1965 was only 
0.11, but the marginal propensity was 0.29. 
Thus, increases in real income and expendi
ture quickly lead to increased demand for 
imports, leading to exchange rate pressures 
and eventually to balance of payments crises. 
Because neither exports nor imports respond 
in the short run to devaluation, the gover
nemnt has to impose quantitative controls on 
imports and severe monetary restrictions to 
balance the merchandise trade account. 
These together bring an economic recession. 

Considerable attention has been paid to 
the fact that devaluation and the accompany i'. 

ing stabilization policies in Argentina 
resulted in real output contractions during 
the postwar period. Because devaluation is 

. conventionally expected to increase aggregate 
demand, this adverse phemonemon was hard 
to explain. Two basic reasons have been 
given for this behavior: One emphasizes the 
redistributive effects of devaluation (which 
coupled with differential marginal spending 
propensities and a wage lag lead to a decrease 
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in aggregate demand); the other points to the 
restrictive impact of monetary policy which, 
even when expansionary in nominal terms, 
has usually been restrictive in real terms. 11 

Certainly both of these factors have played a 
major role, but focus on them diverts atten
tion from the fact that when devaluation does 
not correct the balance of payments equili
brium, the only "solution11 is economic con
traction. There may be debate about whether 
contraction automatically follows devaluation 
or whether it is induced by other policy 
actions, but there is no doubt that it follows. 
Its necessity is only because of the long-run 
inability of the agricultural sector to expand 
output and of the industrial sector to develop 
substantial export markets. Social and 
economic conflict (and misunderstanding) has 
precluded the design and implementation of 
fundamental policies which might alleviate or 
solve these problems. 

In addition, however, I think too little 
emphasis is placed upon the importance of 
the cattle sector and its economic peculiari
ties which make the short-run problem even 
more technically difficult to solve. The nega
tive short-run price response complicates the 
situation by exacerbating domestic price 
increases at the most inflationary moments, 
and by reducing the export response to 
devaluation, thereby requiring deflation to 
solve the short-run balance of payments 
crisis. 

Periodic devaluation thus cannot 
achieve its desired goals in Argentina. It is 
unable to increase exports, and the ensuing 
price inflation rapidly eats away the competi
tive price advantage originally achieved. By 
the time cattle stocks have been built up in 
response to the devaluation- induced relative 
price increase for agricultural products, the 
economy is in recession and inflation has 
increased nonagricultural prices, reversing 
the agricultural terms of trade. Fueled by 
falling domestic and foreign demand for beef, 
an increased slaughter flow then comes onto 
the market. The resulting increase in supply 
and decline in the relative price of beef will 
reduce inflationary pressures and increase 
exports. Once herds are liquidated, however, 
exports will slow. As an export surplus 
develops (largely because the economy has 
been in recession), controls are loosened to 
permit output to increase, but growth will 
soon result in a shortage of foreign exchange, 
and pressures for price relief via a new 

devaluation will grow from the agricultural 
sector. 

Although this "Argentina's economy in 
a nutshell" argument is somewhat 
oversimplified, I believe it describes well the 
overall pattern of stop-go economic cycles and 
inflation, as well the corresponding cycles in 
the cattle industry itself. 

Another issue deserving comment is the 
price inelasticity of the demand for beef in 
Argentina, approximately -0.5. Its magnitude 
is sufficient that a 10 percent increase in 
price, given the associated reduction in 
domestic absorption and the relatively small 
proportion of beef production that is exported 
(27 percent in 1970) should result in a 
corresponding 12 percent increase in exports. 
It thus appears that the elasticity of domestic 
demand is sufficient to make price policy an 
attractive instrument to reduce domestic 
absorption and thereby achieve higher 
exports in the longer run. This is confirmed 
by the fact that although there was an 
increase in slaughter of only about 10 percent 
between 1951-55 to 1962-66, domestic con
sumption was sharply reduced after the 1958 
devaluation and the increase in relative 
prices, and beef exports expanded 42 percent. 
In the short run, however, because demand is 
relatively price inelastic, the decrease in 
domestic consumption is offset by the 
decrease in total slaughter resulting from the 
price increase, so that exports expand very 
little if at all. The problem lies not so much 
with the inelasticity of consumer demand, but 
with producer price response. 

An unwillingness to accept sharply 
higher beef prices following devaluation has 
led the Argentine government at different 
times to impose export taxes on beef, thereby 
cushioning the price increase caused by 
devaluation, and to introduce meat rationing 
to reduce absorption. 12 Despite the fact that 
beef prices have risen relative to grains and 
to nonagricultural output over the 1950s and 
1960s (somewhat erratically), higher beef 
prices have been resisted because they cause 
an increase in the cost of living for urban 
workers and thereby inflationary pressures, 
and because they signal higher agricultural 
incomes and a (presumably) worsened distri
bution of income. Argentine governments 
should consider the nature of the tradeoft' 
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more carefully, however. Only higher agri
cultural prices and lower agricultural input 
prices, combined with support measures to 
encourage technological change and provide 
credit and assistance, will increase agricul
tural production. And only higher prices will 
effectively reduce domestic absorption in sub
stantial amounts. 13 Past (abortive) efforts to 
hold prices at lower levels, holding consump
tion with quantitative devices only highlight 
the fundamental inability to devise a system 
of taxes on agricultural land and on incomes, 
which could achieve improved distributions of 
income consistent with increased exports and 
national income. 

Endnotes to VIII. 

1. 	 One variant of the above argument suggests that 
landlords were traditional minded, semi-feudal 
producers who preferred their urban enjoyments to 
those of the countryside and who accordingly 
sought only an income which would maintain their 
living standards. A variant of this argument sug
gests that the rapid inflation experienced in 
Argentine (and the insufficient availability of 
alternative aesets which might serve as a store of 
value) drove many to invest in land, which is sup
posedly a less risky asset than plant and equip
ment during inflationary periods. This portfolio 
demand allegedly caused land prices to increase 
more rapidly than should have occurred given the 
changes in output prices and in the availability 
and prices of complementary inputs, thereby driv
ing rates of return on land investment to low lev
els. Correspondingly, and more importantly from 
the social viewpoint, many investors were sup
posedly unable to or uninterested in maximizing 
their profits, seeking only to protect their capital; 
these producers adopted traditional production 
methods requiring little supervision, such as 
extensive livestock production. 

2. 	 The traditional rotation system under which 
tenants were permitted to cultivate crops for only 
a few consecutive years on a given sector of land 
also provided for little reimbursement by the land
lord for improvements made by the tenant to the 
land or to physical facilities. Tenants were 
allowed to request from the owner at the time of 
their departure a maximum of only 20 percent of 
the cost of permanent improvements made. 
Indeed, the tenant was usually required to remove, 
at his own expense, any buildings constructed so 
that the full area could be returned to pasture. 
The tenancy legislation introduced during the 
1940s, and continued until the late 1960s, 
intensified rather than alleviated the problem 
because it induced landlords to move toward even 

shorter term (one year) contracts to avoid the 
tenancy legislation and thus provided even less 
security and provision for reimbursement. This 
system inhibited both the use of fertilizers, whose 
economic value may be spread over several years, 
and the practice of improved soil conservation 
techniques which are of little interest to tenants 
under the circumstances. 

3. 	 Black (1957) helped to set the stage for the ensu
ing debate by suggesting that Argentine agricul
turar prices and output seemed to move in opposite 
directions during the 1940s and early 1950s just 
as frequently as they moved together. 

4. 	 Diaz (1965) and (1970J, Colome (1966J, Reca 
(1967), and Williams (1966), all estimated acreage 
or output response equations for different products, 
and all found little price response. Diaz, for exam
ple, concluded that other factors such as soil ero
sion, weather, the availability of inputs, social 
overhead facilities, and credit affected producers 
more than prices and had, on balance, shifted the 
supply schedule to the left over time. 

5. 	 In the case of cattle slaughter, Reca found that 
the price of beef was a less statistically significant 
variable during 1924-1944 than in 1944-1965, and 
that the short-run price elasticity of slaughter 
declined from -0.43 to -0.19 between the two 
periods. 

6. 	 Diaz {1965) provided the first clear outline of the 
theory developed here, pointing out that a relative 
rise in beef price induces producers to invest 
further in beef production which can be accom
plished only by reducing current slaughter. 

7. 	 Yver (1971) developed a method to determine the 
time profile of the net impact of exogenous distur
bances on the dependent variables in a mode: simi
lar to mine. 

8. 	 Models which estimate only the number of 
animals slaughtered, without considering changes 
i_n the average weight of the slaughtered animal, 
will also underestimate the long-run supply 
response because a price increase will cause 
animals within each category to be fed to some
what heavier weights, and more animals will be 
withheld to older ages, e.g., slaughtered as steers 
rather than yearlings. This latter effect is fre
quently forgotten by those who note the relative 
constancy of individual category slaughter 
weights, but it is a significant factor in total sup
ply. The cumulative elasticity of dressed weight 
with respect to the beef/grain price is nearly 0.10. 

9. 	 The asymmetry between these results and past 
studies of field crops may be due to measurement 
difficulties. I have found, for example, that when 
com production data are disaggregated at the par
tido (county J level, some individual partidos show 
significant price response even though their aggre
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10. 

11. 

12. 

13. 

gate does not. The degree of response for the indi
vidual partidos seems to be related to the level of 
the yields achieved and to the type of competing 
agricultural activities in the area. One of the fac
tors confounding the aggregate results is the 
difficulty of separating those corn plantings which 
are desired for grain harvest from those to be used 
for grazing cattle. In some partidos an increase in 
the price of cattle is associated with an expansion 
of the area planted to com, but with a reduction 
in the percentage of the planted area harvested 
(as com is planted for forageJ; in other partidos 
the beef price increase is associated with a reduc
tion in the area planted to com. 

Diaz ll970J notes that the variation of the agri
cultural export quantum depends in the short run 
much more on climatic events than on prices. 

As an extreme example, in 1959 the exchange rate 
for merchandise trade increased 164 percent, the 
Buenos Aires cost of living index rose 114 percent, 
and the money supply rose approximately 45 per
cent. The corresponding decline in the real supply 
of money, and of real balances, induced the rate of 
GDP growth to fall from approximately 6 percent 
in 1958 to -5 percnet in 1959; industrial produc
tion declined even more. 

I found nonmarket rationing to have had little 
effect during the period studied, with the possible 
exception of 1964, but Nares' (1972) more detailed 
work suggests that during the late 1960s rationing 
may have reduced consumption as much as 6 per
cent. 

Attempts to increase the price elasticity of beef 
have a long but relatively unsuccessful history. 
Chicken and fish consumption has increased some
what in recent years as their quality has improved 
and their relative prices fallen, but they are not 
yet rival to beef. 

( 

' 
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Appendix I 


The Burden of Discriminatory 

Agricultural Policies 


88 


"One focal point of the political conflict 
in Argentina continues to be redistribution of 
income from wealthy landowners to urban 
labor. During the decade of 1945-1955, 
income was transferred from owners of cattle 
and agricultural land to urban workers and 
to government, essentially by taxing output 
through price ceilings on foodstuffs and 
through increased prices of agricultural 
inputs." 1 This statement is true, but contrary 
to the conventional wisdom, the evidence in 
this study indicates that the burden of the 
discriminatory policies toward agriculture did 
not fall heavily on the large landowners of 
the rural sector, i.e., the cattle producers. 

To summarize this evidence again, first, 
the agricultural product monopsony esta
blished by Peron was more severely discrimi
natory against grain prices than against cat
tle prices. 

Second, although Peron's interference 
with tenancy contracts hurt cattle producers 
who contracted tenant farmers, the relatively 
more specialized was a cattle producer, the 
less affected by this policy. 

Third, while the wage of the rural peon 
rose relative to grain prices, rural wage.• fell 
relative to cattle prices. The Economic Com
mission for Latin America (ECLA) gives the 
following data for the movements in the rural 
wage relative to the respective product 
prices. 2 

Wheat Corn Cattle 

1935-39 100 100 100 

1940-44 139 152 82 

1945-49 91 126 89 

1950-54 124 118 79 

1955-59 122 115 76 

1960-63 70 95 50 

Because grain production is also relatively 
more labor intensive than is cattle produc

tion, grain·producing activities are more 
adversely affected by any "relative" wage 
increase. Thus, small grain producers were 
hurt much more by the change in labor costs 
than were cattle producers. 

Fourth, a much larger increase occurred 
in the wage/grain price ratio for seasonal 
(harvest) labor than for permanent agricul
tural labor. This also hurt crop producers 
relative to cattle producers. 

Fifth, the wage of a rural peon fell 
drastically relative to industrial workers. 
The ECLA study reported the following index 
for peon industrial worker relative salaries: 

1935-39 100 

1940-44 78 

1945-49 39 

1950-54 36 

1955-59 36 

1960--03 35 

More importantly, the real wage of rural 
peones also declined significantly during 
Peron's administration. The real rural wage 
rate during the years 1946-1952 was 40 per
cent lower than in 1944. Therefore, although 
Peron supposedly tried to improve rural 
laborer's welfare, the evidence indicates that 
the opposite occurred. The increase in fringe 
benefits offered by new rural legislation dur
ing this period was not nearly large enough 
to overcome the decrease in real wages, let 
alone the unemployment which also occurred. 

Sixth, although the agricultural tenants 
first gained by the freezing of the land con
tracts (by costlessly obtaining temporary pos
session of the land), many tenants were 
forced to leave the land and seek a new liveli
hood in the city when the era of recontract
ing returned. Tenants were also badly hurt 
by the very low grain prices prevailing dur
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ing the years when they had control of the 
land. Possibly they were worse off during 
this period than before, even though they 
paid much lower rents. 

Peron's agricultural policies did not sin
gle out wealthy landowners, particularly cat
tle producers, for economic punishment. 
Nearly everyone in the agricultural sector 
was directly harmed, and many of them were 
harmed relatively more than the cattle pro
ducers. 

Endnotes to Appendix L 

1. Reca {1967J. Italics in original. 

2. ECLA, 1959, Vol. 3, p. 19. 
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Appendix II 


A Simulation of Productivity Change in the 

Feed/Beef Conversion Process 


This appendix considers several sources 
of productivity change in the cattle sector 
and the manner in which this productivity 
change can be measured using a simple simu
lation model. The model is simple in concep
tion and useful mainly for quick and easy cal
culations. More detailed models can be con
structed where greater accuracy is desired. 
The model permits study of the sensitivity of 
herd production to variation in calving, 
slaughter, and mortality rates, to changes in 
the efficiency of the feed/beef conversion pro
cess, and to seasonal patterns of feed supply. 
Such data could provide the basis for cost· 
benefit analysis of livestock development pro
grams designed to increase feed availability 
and improve livestock productivity. 

If we separate the cattle production pro
cess into two interrelated but distinct activi
ties, we can imagine that productivity change 
occurs either in the pasture activity or in the 
feed/beef conversion activity. For example, if 
new grasses or legumes can be developed 
which carry more animals per acre at no 
greater cost than did the old pastures, total 
factor productivity has obviously increased. 
However, while pasture improvement may be 
one of the more important potential sources 
of productivity gain in the beef sector, it is 
certainly not the only source. The other 
major source of productivity is in the 
feed/beef conversion process, where for a fixed 
amount of feed more beef for final consump· 
tion is obtained from the herd. Productivity 
change of this sort may be obtained by 
developing animals which individually grow 
faster and more efficiently, by reducing death 
losses, or by increasing the calving rate. 
Mortality rates and the calving rate can, of 
course, be affected by new breeds as well as 
better medical care, better service techniques, 
and better nutrition. 

Because crop production is a rival 
activity to cattle production as it is carried on 
in Argentina, cattle production may be 
decreased by productivity change in crops, at 
least to some degree. For example, if the 

yields of artificial pastures and forage crops 
do not increase in like proportion, an increase 
in corn yields will make it profitable to use 
some land for corn rather than beef produc
tion. Of course, if the increased productivity 
in corn production were to reduce the price of 
corn sufficiently, corn could be used as a feed 
concentrate and feedlot operations could be 
developed. If so, the production of cattle 
could increase as a result of productivity 
change in corn production. If, however, the 
demand for corn were very elastic, the 
increased production of corn in Argentina 
would not significantly lower the price of 
corn. As the opportunity cost of cattle pro
duction would have risen, the cost of beef 
would rise and cattle production would fall. 
The price of beef might rise so high that it 
would eventually be profitable to use corn as 
a cattle feed, but this is a different matter. 
The important issue is that productivity 
increases in crop production have different 
implications for cattle production depending 
on the direct effect of the technical change on 
the cattle/crop price ratio. Further, the best 
situtation for Argentina is one in which there 
is a perfectly elastic demand for corn, for 
although technical change in corn production 
in Argentina has a strong negative effect on 
cattle production, total real income would be 
increased substantially. 

To study the quantitative effect of pro
ductivity change in the feed/beef conversion 
process, a simple simulation model may be 
used. The simulation begins by assuming as 
given a fixed number of cows in the herd and 
from this, given the prevailing mortality 
rates for each category of the herd, the calv
ing rate, the service life of a cow, and the 
percentage of existing calves and yearlings 
slaughtered each year, 1 the steady state size 
and composition of the herd, and yearly 
slaughter can be calculated. By multiplying 
each slaughtered animal by the number of 
pounds of beef which it provides, the total 
pounds of slaughtered beef by category and 
by gross total are obtained. 
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Further, by multiplying each animal in 
the herd by its yearly food allowance, the 
sum of total feed units required for the basic 
herd can be determined. If this amount of 
feed is assumed to be the fixed supply avail
able, the new steady state herd level and 
slaughter consistent with this feed supply 
can be found whenever a parameter value is 
altered. That is, we can let mortality rates, 
calving rates, the productive life of a cow and 
tastes vary to examine how such variations 
affect the production and the composition of 
the beef which can be obtained from a given 
feed supply. For simplicity, I assume that the 
seasonal pattern of pasture availability and 
of herd requirements coincide. 

It would be a simple matter to assume 
that different prices are secured for beef from 
different animal categories. Any vector of 
relative prices can be used to multiply the 
vector of slaughter corresponding to the 
respective solutions to obtain the value of 
slaughter. By doing so, we could obtain a 
more accurate indication of the changes in 
the value of total slaughter, or total herd 
size. It is conceivable, for example, that a 
change in the composition of slaughter could 
cause the total value of slaughter to vary 
inversely with the total volume of beef pro
duced. Prices are not included in these calcu
lations to make the solution simpler. 

The model used for the simulation is 
reproduced below and selected numerical 
results follow. We begin by assuming a cow 
breeding herd of a fixed size, composed of the 
surviving cows of different age cohorts, V;. 

1l V=t V; 0-ai) 
i-1 

Cow slaughter is equal to the number of cows 
age ¢. 

The number of calves born is determined by 
the size of the breeding herd and the calving 
rate, l/J. 

3) T=Vl/J. 

The steady state composition of the herd and 
of slaughter then depends on the individual 
category mortality rates and category 
slaughter rates. 

4) TD=TBr 

5) TS=(T-TDJ y 

6) Y=(T-TS-TD) w 

7) YD=YBy 

8) YS=(Y-YDJ/3 

9) VQ=Y(l-w)/w 

10) VQD=VQBvQ 

11) VQS=( VQ- VQD )-V 

12) N=Y-YD-YS 

14) NS=N-ND 

15) S=TS+ YS+ VQS+ VS+NS 

16) F=T[(l+Brl/2Jfr+ · · · +N[(l+BN)/2JfN 

17) O=x/F 

B = category mortality rates, e.g., 

BT = mortality rate for calves 

¢ = service life, or slaughter age of cows 

y = calf slaughter rate 

13 = yearling slaughter rate 

l/J = calving rate 
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9 = multiplcative herd adjustment factor 

w = male/female birth ratio 

F = total herd food requirements; f; = 
category food requirements 

x = available feed supply 

The notation is that used throughout 
this study, with the following exceptions, 
which are newly defined. 

VSP = proportion of total slaughter 
represented by cows 

TSP= proportion of total slaughter 
represented by calves 

VQSP = proportion of total slaughter 
represented by heifers 

YSP = proportion of total slaughter 
represented by yearlings 

NSP = proportion of total slaughter 
represented by steers 

ST= total metric tons of beef produced by 
slaughter 

VST= total metric tons of beef produced by 
slaughter cows 

TST = total metric tons of beef produced by 
slaughter of calves 

VQST = total metric tons of beef produced by 
slaughter of yearlings 

NST = total metric tons of beef produced 
slaughter of steers 

VP= proportion of total herd represented by 
cows 

TP = proportion of total herd represented by 
calves 

VQP = proportion of total herd represented by 
heifers 

YP = proportion of total herd represented by 
yearlings 

NP= proportion of total herd represented by 
steers 

HPP = the potential beef production, in 
metric tons of dressed weight equivalents, 
which is represented by the animals in the 
herd at the beginning of the year. 

Certain assumptions of the model may 
be explained briefly. First, the number of 
cows slaughtered each year is equal to those I 
cows who have survived to age q,, where q, is I 
taken to be the optimal age of slaughter for a I 
breeding cow. 2 L'~

! 
Second, VN, the number of new cows j"

(ex-heifers) entering the breeding herd each 
year, is set to equal the replacement needs of 
the breeding herd, VN = VS + /3V, where /3 i 
is the mortality rate for cow11 and V is the 
total number of cows of all ages in the herd. 
All heifers not needed as breeding replace
ments are slaughtered. 

Third, there is a maturing process for i
heifers entering the cow herd such that the I
calving rate for "first-year" cows is only one I-· . 

half the calving rate for older cows. This is j 

consistent with actual fact, although it prob l 

ably overstates new cow calving rates. 

Because cow mortality is strongly affected by 

calf bearing, the mortality rate used for first

year cows is also somewhat lower than that 

used for mature cows. 


Fourth, the slaughter of calves is 
divided equally between males and females, 
and all surviving steers are slaughtered each 
year. 

Fifth, for simplicity, bulls are not 
included in the model. they make up a very 
small proportion of the herd and of beef 
slaughter. 

Finally, certain assumptions needed for 
the dressed carcass weight, the feed require
ments, and the beginning mortality rates of 
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each category, are given in the following 
table. 3 During the simulation the mortality 
rates were halved, the calving rate (ifl) rose 
from 60 to 80 percent, the calf slaughter rate 
(y) rose from 10 to 40 percent, the yearling 
slaughter rate ({3) rose from 10 to 40, and 
then to 70 percent, and the service life (¢) 
rose from 5 to 7 years. 

Mortality Dressed Feed 
Rate Weight Requirements 

Cows 0.04 210 8 

Heifers 0.02 170 7 

Yearlings 0.02 200 8 

Steers O.oI 270 10 

Calves 0.04 125 5 

The steady state herd size and slaughter 
amounts can be accommodated to any 
specified feed supply by multiplying such 
state variables by the alljustment factor, II. 
The category slaughter amounts may then be 
multiplied by their respective dressed 
weights, and summed, to obtain the composi. 
tion and supply of total beef. Relative prices 
may be included in the model in a similar 
fashion. 

The effects of certain parameter varia
tions may be studied by examining the 
selected numerical results (see Appendix 
Table 1). In each case both the parameter 
values and the herd- slaughter values are 
given. 

Case 1 versus Case 4: Reducing the mor
tality rates by one-half, given the other ini
tial conditions, results in an increase in S, 
the total annual slaughter, of 7.2 percent and 
an increase in ST, the total annual tons of 
beef produced by slaughter, of 6.8 percent. 
This is a significant increase, considering 
that it results from a reduction of the aver
age mortality rate by less than two percen
tage points. Nevertheless, it demonstrates 
that when mortality rates are low, attempts 
to reduce mortality further will have rela
tively small returns. Note that S and ST rise 
by similar amounts and that the composition 
of slaughter changes little, except that there 
are more heifers available for slaughter. 
Further, note that both H and BUH drop. 
This occurs because feed requirements are 

calculated assuming that any animal which 
dies uses only half as much food as those 
which live through the year. As fewer 
animals die, more food per "beginning" 
animal in the herd is required. The composi. 
tion of the herd is altered only slightly. 

Case 1 versus Case 3: Increasing the 
calving rate from 0.6 to 0.8 has a more strik· 
ing effect. S rises 16.6 percent, ST rises 15 
percent, H increases 1 percent (but BUH 
drops slightly), and the composition of both 
slaughter and the herd changes markedly. 
As fewer cows are now required to produce 
the same number of calves, there is room for 
the herd to expand. However, the steady 
state number of cows remains lower than in 
Case 1, and hence VS remains lower. The 
numerical slaughter of every other category 
rises, but only the proportion of heifer 
slaughter rises dramatically. The composi· 
tion of the herd is unchanged except for there 
being fewer cows, but this must be so because 
nothing other than the calving rate has been 
affected. There is an unambiguous increase 
in productivity in this case, in value as well 
as tons of dressed beef, because the only 
category whose proportion of slaughter 
decreases is cows, whose beef is also the least 
valuable per pound. 

Case 1 versus Case 6: Lengthening the 
service life of a cow from five to seven years 
has little effect. S increases by 1 percent but 
ST declines slightly. VS falls from 40 to 26.6, 
and VQS rises from 0.5 to 14.0. Because cows 
calve to an older age, fewer heifers are 
needed each year to maintain a breeding herd 
of given size. Further, because the proportion 
of the cow herd which is "maturing" is 
smaller, the "average" calving rate rises even 
though the calving rate of mature cows does 
not change. V falls, but the steady state of 
number of animals in every other category 
rises. Because most of the change in total 
animals slaughtered is due to the tradeoff 
between cows and heifers, and heifers weigh 
less, ST falls slightly. The value of slaughter 
probably increases as the beef from heifers is 
worth considerably more per pound than the 
beef from cows, but no increase in physical 
productivity as measured by tons of meat 
occurs. The latter result is somewhat para
doxical, for there are more younger relative 
to older animals in the herd in the new situa· 
tion and the former are supposedly more 
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Appendix Table 1 

Simulation Results to Study Output Effects from 


Productivity and Taste Changes 

Case I. s 
99.999 

ST 
22.573 

VS 
40.005 
VSP 
0.400 
VST 
0.372 

TS 
11.252 
TSP 
0.112 
TST 
0.062 

VQS 
0.511 
VQSP 
0.005 
VQST 
0.003 

YS 
4.911 
YSP 
0.049 
YST 
0.043 

NS 
43.319 
NSP 
0.433 
NST 
0.518 

H 
485.622 

"'5.000 

v 
111.707 

VP 
0.456 

I/I 
0.600 

T 
118.442 

TP 
0.243 

y 
0.100 

VQ 
50.634 
VQP 
0.104 

/3 
0.100 

y 
50.634 

yp 
0.104 
oy, oT 
0.050 

N 
44.203 

NP 
0.091 

Oy 
0.030 

ON 
0.020 

Case 2. s 
109.757 

ST 
22.553 

vs 
43.651 
VSP 
0.397 
VST 
0.406 

TS 
12.227 
TSP 
0.111 
TST 
0.068 

VQS 
0.557 
VQSP 
0.005 
VQST 
0.004 

YS 
37.514 
YSP 
0.341 
YST 
0.332 

NS 
15.756 
NSP 
0.143 
NST 
0.188 

H 
477.731 

"' 5.000 

v 
241.915 

VP 
0.486 

I/I 
0.600 

T 
129.239 

TP 
0.259 

y 
0.100 

VQ 
55.249 
VQP 
0.111 

/3 
0.700 

y 
55.249 
yp 

0.111 
Oy.~ 
0.050 

N 
16.077 
NP 

0.032 
Oy 

0.030 
~ 

0.020 

"".. Case 3. s 
116.580 

St 
25.722 

VS 
34.242 
VSP 
0.293 
VST 
0.279 

TS 
12.841 
TSP 
0.110 
TST 
0.062 

VQS 
14.451 
VQSP 
0.123 
VQST 
0.095 

YS 
5.605 
YSP 
0.048 
YST 
0.043 

NS 
49.439 
NSP 
0.242 
NST 
0.518 

H 
490.972 

"'5.000 

v 
189.772 

VP 
0.386 

I/I 
0.800 

T 
135.176 

TP 
0.275 

y 
0.100 

VQ 
57.787 
VQP 
0.117 

/3 
0.100 

y 
57.787 
yp 

0.117 
oy, oT 
0.050 

N 
50.448 

NP 
0.102 
oy 

0.030 
ON 

0.020 

Case 4. s 
107.195 

ST 
23.986 

vs 
41.158 
VSP 
0.383 
VST 
0.360 

TS 
11.333 
TSP 
0.105 
TST 
0.059 

VQS 
4.922 
VQSP 
0.045 
VQST 
0.034 

YS 
5.023 
VSP 
0.046 
VST 
0.041 

NS 
44.758 
NSP 
0.417 
NST 
0.503 

H 
479.832 

"' 5.000 

v 
216.385 

VP 
0.450 

I/I 
0.600 

T 
116.237 

TP 
0.242 

y 
0.100 

VQ 
50.999 
VQP 
0.106 

/3 
0.100 

y 
50.999 

yp 
0.106 
oy,oT 
0.025 

N 
45.210 

NP 
0.094 
oy 

O.Q15 
~ 

0.010 
i' 

Case 5. s 
123.324 

ST 
27.062 

VS 
35.172 
VSP 
0.285 
VST 
0.272 

TS 
12.913 
TSP 
0.104 
TST 
0.059 

VQS 
18.515 
VQSP 
0.150 
VQST 
0.116 

YS 
5.723 
VSP 
0.046 
VST 
0.042 

NS 
50.999 
NSP 
0.413 
NST 
0.508 

H 
485.095 

"' 5.000 

v 
184.916 

VP 
0.381 

I/I 
0.800 

T 
132.444 

TP 
0.273 

y 
0.100 

VQ 
58.109 
VQP 
0.119 

/3 
0.100 

y 
58.109 

yp 
0.119 
oy,OT 
0.025 

N 
51.514 

NP 
0.106 

oy 
0.015 

ON 
0.010 

·--~-,,' -~~·~·-· ~.~..,.,.~.,~" ""--·'-~·--, -~-·- "n_,.,,_.,, _ _.,__. -~,,.--,~-· ""__,__.. _ .•-.,.,_,_......'-. 



Case 6. s 
!01.007 

Case 7. 

ST 
22.269 

s 
124.708 

ST 
26.912 

:5: 

VS 
26.644 
VSP 
0.263 
VST 
0.251 

vs 
24.034 
VSP 
0.192 
VST 
0.187 

TS 
11.421 
TSP 
0.113 
TST 
0.064 

TS 
13.079 
TSP 
0.104 
TST 
0.060 

VQS 
13.984 
VQSP 
0.138 
VQST 
0.106 

VQS 
30.141 
VQSP 
0.241 
VQST 
0.190 

YS 
4.985 
VSP 
0.049 
VST 
0.044 

YS 
5.797 
VSP 
0.046 
VST 
0.043 

NS 
43.971 
NSP 
0.435 
NST 
0.533 

NS 
51.656 
NSP 
0.424 
NST 
0.518 

H 
486.192 

t/J 
7.000 

H 
485.649 

t/J 
7.000 

v 
218.308 

VP 
0.449 

t/1 
0.600 

v 
181.604 

VP 
0.373 

t/1 
0.800 

T 
120.224 

TP 
0.247 

y 
0.100 

T 
134.150 

TP 
0.276 

y 
0.100 

VQ 
51.395 
VQP 
0.!05 

/3 
0.100 

VQ 
58.358 
VQP 
0.121 

/3 
0.100 

y 
51.395 
yp 

0.105 
6y, {jT 

0.050 

y 
58.858 

yp 

0.121 
6y, {jT 

0.025 

N 
44.868 

NP 
0.092 

l!y {JN 

0.030 0.020 

N 
52.177 

NP 
0.!07 

l!y {JN 

O.oJ5 0.0!0 



efficient converters of feed to beef. The 
result must be dependent on the particular 
assumptions used here of feed requirements 
and weights, a small change in which might 
result in an increase in PS as well. 
Nevertheless, it is clear that extending the 
producing life of a cow cannot be expected to 
have a major effect on productivity and 
explains why producers do not expend much 
money on such an attempt. 4 

Case 1 versus Case 5: Reducing mortal
ity rates and increasing the calving rate 
simultaneously increases S by 23.2 percent 
and ST by 21 percent. Note that this 
increase is less than the sum of the increases 
brought about by these improvements when 
they were made independently. 5 Although 
this is in one sense disappointing, the net 
increase in productivity is quite large and 
indicates the potential improvements in pro
ductivity which are available in a country 
like Argentina (the calving rate in Argentina 
was about 0.70 in the late 1960's, but in the 
United States it was between 0.85 and 0.90). 
The other results are similar to those results 
already described for other cases. 

Case 1 versus Case 7: Reducing mortal
ity rates, increasing the calving rate, and 
lengthening the service life of a cow results 
in an increase in S by 24 percent and in ST 
by 20 percent. 

Case 1 versus Case 2: If we now inspect 
the effect of a change in tastes on slaughter 
and herd composition, we can see how 
misleading this change can be. Suppose that 
most consumers suddenly change their tastes, 
prefer younger beef and refuse to pay a prem
ium for steer beef as opposed to yearling beef. 
In this case the percentage of yearlings 
slaughtered will certainly rise. Assume, for 
example, that 70 percent of the yearlings now 
are slaughtered. As fewer steers are left in 
the herd, the other categories may expand. 
In Case 2, more animals are slaughtered but 
they are also younger animals. Further, 
keeping the additional cows required to pro
duce the extra calves uses up more food in 
this example and makes the total feed/beef 
conversion process slightly less efficient, in a 
physical sense. 6 S rises by 9.8 percent, but ST 
declines slightly; H rises substantially, but 
BUH falls. 

If the total slaughter of animals is casu
ally observed, one might conclude that pro
ductivity in the beef sector was rising, but 
this would be a mistake. Even the relative 
constancy of ST is not a trustworthy indica
tor because part of the increase in S comes 
from cows, the least valuable beef per pound. 
There is no increase in beef produced even 
though more animals are slaughtered. Simi
lar comments can be made when the propor
tion of calves slaughtered rises. The point is 
that unless the composition of slaughter has 
remained constant, the number of animals 
slaughtered may not reflect true increases in 
productivity; inferences drawn from numbers 
alone should be made with caution. 

One additional point can be made. In 
general equilibrium, the profit rate earned in 
the beef sector does not depend on any partic
ular assumption about the slaughter rate of 
any category nor, for that matter, on any of 
the other parameters we have dealt with. 
Hence, no particular slaughter composition 
can be assumed to be inherently better than ,. 
another. 7 	 · . 

Endnotes to Appendix II. 

1. 	 The percentage of calves and yearlings 
slaughtered is a proxy for tastes indicating the 
relative consumer demand for younger as opposed 
to older animals. Tastes can affect the magnitude 
and the composition of slaughter without there 
being any implied productivity change. 

2. 	 The primary reason cows are sold to slaughter at 
age cf> is that the probability of their conceiving 
and delivering a valuable calf in year cf> + 1 is so 
low that the expected value of this calf is less 
than the expected cost of feeding the cow during 
this period. Therefore, cf> can change with changes 
in p, c, and r, the price of beef, cost of feed, and 
the interest rate, respectively, without thereby 
implying any change in productivity. Productivity 
change in this phase comes only if the physical 
productivity of cov1s can be increased or their 
breeding life extended. In the latter case the fixed 
cost of the maturing process of a cow can be 
spread over a longer producing life, thus reducing 
the total feed requirements needed for a breeding 
herd which produces a certain number of calves 
each year. 
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3. 	 Although the parameter values selected are rea
sonable, as are the assumed dressed slaughter 
weights and the feed requirements per animal, 
caution should be used in interpreting the results, 
clearly the results are not exact. 

4. 	 There is one special exception. Purebred breeding 
cows which have a particularly high value because 
of the quality of their calves may be fitted with 
false teeth to allow them to live and prosper. 
Clearly only the extra value of their offspring 
makes this expense profitable. 

5. 	 The increase in the calving rate decreases the pro
portional number of cows required in the steady 
state herd. Because these animals have the 
highest mortality rate, a generalized decrease in 
mortality rates saves proportionately fewer 
resources when there are fewer cows. 

6. 	 Although calves are more efficient converters of 
feed into beef than are older animals, this simu
lated cow-calf combination may well produce less 
marketable beef with a certain amount of feed 
than were older animals being fattened. If the 
feed used by cows has a very low opportunity cost 
and is not suitable for the fattening of other 
animals, the qualitative result is changed. 

7. 	 A type of feed/beef conversion productivity 
change, not considered explicitly in this simula
tion, is a faster growing animal which requires 
less total feed. As animals require a large amount 
of feed just to maintain their life processes, apart 
from weight gain, speeding up the gaining process 
can reduce the total feed required for a given 
desired slaughter weight. The required amount of 
daily movement of the animal, the environmental 
temperature, and the temperament of the animal 
are factors which affect the feed/beef conversion 
process, and are therefore potential sources of pro
ductivity increase. 

97 



Appendix III 

Construction of the Climatic (Weather) Indexes 

measure both effects of weather variation on 

It was expected that cattle production 
 beef production. 4 

would be sensitive to changes in climatic con
Data were first selected from 37 weatherditions, and a variable was constructed to 

stations. Nearly all of these are located inmeasure this influence. 1 Several previous 
the Pampean region, although several stastudies of the cattle sector have used simple 
tions were chosen to represent smallerrainfall indices as a proxy for climatic varia
regions which also produce cattle for commertions. 2 However, Oury (1965) has shown that 
cial slaughter. The observatories used areconsiderably better results can be obtained if 
listed below, by province and city. 5 

temperature and rainfall are combined in a 

weather index. He suggests the use of the de 

Martonne index, W, which combines average 
 Buenos Aires 
monthly rainfall in the following manner: 


Ayacucho i 

t .•.Carlos Casares 

Coronel Pring!es i 
Chascomus lGral. Madariaga 	 .where R, = rainfall per month in millimeters, I 

T1 = average monthly temperature in cen Gral. Villegas P"Guaminitigrade, t = the number of months in the 

period, and K = a constant. 3 This index is Las Flores I · 


I 
easy to construct and fully utilizes the avail Loberia I . 

able data. Subsequent testing confirmed that Mercedes l 
the de Martonne index had considerably more Olavarria 
explanatory value than did a pure rainfall Saito l 
index. 	 Tres Arroyos J 

Trenque Lauquim Climatic conditions may, of course, 
Veinticinco de Mayo 	 !affect cattle production in two separate ways. 


Climate conditions affect the growth of the r. 

Chacoplants which must be consumed by the i ...• 

animals when cattle production is carried out ,.
(. .•

Charataby grazing, and climate may also affect the irate at which animals convert feed of a given 
Cordoba 	 r··nutrient value into marketable beef. In gen ..ieral, "good" climate affects each process in the 	 iBelle Ville same direction, but there is no reason that 

El Tiothe optimal climate for the one should be the 
Laboulayesame as the optimal for the other. This sug
Rio Cuartogests the use of two indexes, one to measure 

the effect of climate on the availability of Rio Tercero 
feed nutrients and the other to measure the Vicuna Mackenna 
effect of climate on the feed/beef conversion Villa Huidobro 
process itself. However, multicollinearity Virgen de! Rosario 
then becomes a serious problem. More impor
tantly, the data on natural and artificial pas Corrientes 

j. . 
tures and forage crops in Argentina are very 	 Mercedes 

l~.poor, making it impossible to measure ,. 
cii.rectly the amount of feed available. A sin Entre Rios \. . 

gle climatic index was therefore used to I
I:' . 
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Guilbert 

Gualaguay 

Segui 

Villaguay 


La Pampa 

Ateuco 
Eduardo Castex 

San Luis 

Mercedes 

Santa Fe 

Casilda 
Galvez 
Landeta 
Rafaela 
Venado Tuerto 

Santiago del Estero 

Garza 

Using data supplied by the Servicio 
Meteorologico Nacional for cumulative 
monthly precipitation and monthly average 
temperatures, these climatic indices were 
constructed for each weather station. One 
index corresponded to the fiscal year, and two 
shorter period indexes were constructed for 
the cattle-breeding season (December to May) 
and for the calving season (August to Janu
ary). The shorter period indexes were for 
inclusion in the equation estimating the 
number of calves born. Cow fertility is 
thought to be significantly affected by the 
cow's health and condition during the breed
ing period, which in turn are affected by cli
mate and feed intake. Similarly, conditions 
during the calving season could affect the 
mortality rate of newborn calves, though this 
effect is probably much weaker. 6 

Aggregate indexes for each of the 
periods mentioned were then constructed, 
where the weights assigned to each weather 
station depended on the number of animals of 
each category in that particular region. 
These weights are taken from the 1960 
census. 7 Although the regional distribution 
of cattle production has shifted somewhat 
during the period studied, both in terms of 

gross numbers and in terms of the relative 
numbers of a specific category within each 
area, the 1960 census provides a good indica
tor of the general distribution of the different 
categories of the herd. 

If one region enclosed the area "covered" 
by three weather stations, the observations 
from these weather stations were combined in 
a weighted average, 8 the weights being 
determined by the geographical area spanned 
by each weather station within the region. 
To form a climatic index for each cateogry, 
the resulting climatic index for each region 
was then weighted by the percentage of the 
total number of animals of each category 
within its boundaries. 

Similarly, a climatic index for the herd 
aggregate was constructed by assigning 
weights to the animals in each different 
category according to their size and then 
weighting the regions by the percentage of 
the total "meat units" which lay within their 
boundaries. The weights used were cows, l; 
steers, l; yearlings, 0.7; heifers, 0.7; and 
calves, 0.5. 

The different climatic indexes computed 
are given in Appendix Table 2. 9 

Endnotes to Appendix III. 

1. 	 Recent work on the use of climatic variables in 
agricultural models has shown that a climatic 
index should combine information on various fac
tors such as rainfall, temperature, soil conditions, 
the root depth of the plant involved, and the 
months of the year during which climatic factors 
are most crucial to the production process, in order 
to capture the biological interrelations among cli
mate, other related factors, and the plant (Shaw 
1964, Oury 1965, Stallings 1960, and Conome 
1966). However, such detailed information often 
is not available, so less sophisticated measures 
must be constructed. Argentina's official meteoro
logical stations collect data for rainfall and tem
perature. 

2. 	 Diaz ll965), Reca ll967J, and Otrera l1966). 

3. 	 The constant in the de Martonne index may be 
arbitrarily set or varied parametrically to deter
mine which level gives the best result. A reason· 
able approach is to let K vary, choosing that value 
which maximizes R 2 in the equation being 
estimated. I did not do this, but chose ten, a 
number which has been used in other studies 
under similar conditions. 
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Appendix Table 2 

Computed Climate Indexes 


YEAR c WT WN WHY WP WB cc CV! ALPHA BETA GAMMA 

1937/38 93.36 93.36 93.36 93.36 90.00 99.00 -0.2328 -0.1862 0.0537 0.0327 0.0218 
1938/39 84.09 84.09 84.09 84.09 82.00 90.00 -0.6068 -0.4855 0.0597 0.0372 0.0248 
1939/40 119.31 119.31 119.31 119.31 117.00 82.00 0.8142 0.6514 0.0369 0.0202 0.0134 
1940/41 136.06 136.31 143.10 134.39 150.67 117.00 1.4901 1.1921 0.0261 0.0121 0.0080 
1941/ 42 104.22 104.18 111.68 102.80 100.56 155.69 0.2053 0.1643 0.0467 0.0275 0.0183 
1942/43 94.31 94.26 93.61 94.50 82.06 107.66 -0.1944 -0.1555 0.0531 0.0323 0.0215 
1943/44 115.39 115.15 117.00 115.33 130.68 80.14 0.6561 0.5248 0.0395 0.0221 0.0147 
1944/45 85.24 85.40 84.38 85.23 8.6.69 116.67 -0.5604 -0.4483 0.0589 0.0367 0.0244 
1945/46 118.36 119.76 . 114.30 117.68 107.51 86.65 0.7759 0.6222 0.0375 0.0206 0.0137 
1946/47 136.86 136.48 141.85 136.28 143.12 114.32 1.5224 l.2207 0.0255 0.0116 0.0077 
1947/48 96.01 96.30 101.54 94.61 83.91 143.24 -0.1258 -0.0965 0.0519 0.0314 0.0209 
1948/49 93.58 94.48 97.00 91.96 83.15 110.03 -0.2239 -0.1736 0.0534 0.0326 0.0217 

8 1949/50 

1950/51 

85.03 

99.16 

86.04 

99.70 

88.19 

98.62 

83.32 

98.70 

78.03 

114.47 

103.43 

76.14 

-0.5689 

0.0012 

-0.4481 

0.0101 

0.0589 

0.0497 

0.0367 

0.0298 

0.0244 

0.0198 
1951/52 91.44 92.63 90.44 90.38 104.93 97.04 -0.3102 -0.2335 0.0546 0.0335 0.0223 
1952/53 117.10 117.22 117.88 116.81 121.04 85.41 0.7251 0.5977 0.0380 0.0210 0.0140 
1953/54 112.11 112.79 114.25 110.96 122.91 113.50 0.5237 0.4385 0.0412 0.0234 0.0156 
1954/55 99.25 98.76 101.18 99.39 82.47 108.80 0.0048 0.0255 0.0494 0.0296 0.0197 
1955/56 95.49 94.92 91.51 96.88 86.00 114.72 -0.1468 -0.0948 0.0518 0.0314 0.0209 
1956/57 85.19 83.54 83.50 87.28 74.40 97.26 -0.5624 0.4182 0.0583 0.0362 0.0241 
1957/58 90.04 89.66 84.96 91.44 94.29 78.25 -0.3667 -0.2594 0.0551 0.0338 0.0225 
1958/59 99.91 97.94 92.01 103.56 93.48 101.92 0.0314 0.0644 0.0487 0.0290 0.0193 
1959/60 84.58 84.91 80.89 84.95 86.97 93.97 -0.5871 -0.4257 0.0585 0.0363 0.0242 
1960/61 98.88 99.86 101.26 97.37 97.70 75.32 -0.0100 0.0459 0.0490 0.0293 0.0195 
1961/62 67.69 68.39 65.95 67.30 71.84 102.02 -1.2686 -0.9408 0.0688 0.0441 0.0294 

1962/63 89.15 89.31 85.85 89.64 84.09 65.62 -0.4027 -0.2262 0.0545 . 0.0333 0.0222 

1963/64 106.63 106.19 100.30 108.34 118.55 88.95 0.3026 0.4246 0.0415 0.0236 0.0157 

1964/65 76.53 76.59 73.84 76.99 81.24 95.54 -0.9119 -0.5567 0.0611 0.0383 0.0255 

1965/66 99.00 99.00 99.00 99.00 99.00 68.50 -0.0052 0.1770 0.0464 0.0273 0.0182 

1966/67 103.00 103.00 103.00 103.00 103.00 99.00 0.1561 0.3064 0.0438 0.0254 0.0169 
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YEAR 

1937/38 
1938/39 
1939/40 
1940/41 
1941/42 
1942/43 
1943/44 
1944/45 
1945/46 
1946/47 
1947/48 
1948/49 
1949/50 
1950/51 
1951/52 

0 1952/53- 1953/54 
1954/55 
1955/56 
1956/57 
1957/58 
1958/59 
1959/60 
1960/61 
1961/62 
1962/63 
1963/64 
1964/65 
1965/66 
1966/67 

XI 

1.0567 
1.0635 
1.0383 
1.0268 
1.0490 
1.0560 
l.04ll 
1.0625 
1.0390 
1.0262 
1.0547 
1.0564 
1.0626 
1.0524 
1.0578 
1.0395 
1.0430 
l.0520 
l.0527 
1.0619 
1.0584 
l.0512 
1.0621 
1.0516 
1.0739 
l.0576 
1.0433 
1.0651 
1.0487 
0.0000 

X2 

1.0977 
l.0854 
1.0511 
1.0559 
1.0840 
1.0799 
l.0808 
1.0850 
1.0513 
1.0595 
l.0903 
1.0967 
1.0953 
1.0888 
1.0805 
1.0644 
1.0748 
1.0861 
1.0944 
l.0992 
l.0900 
l.0908 
1.0942 
l.1001 
Lil IO 

l.0832 
1.0849 
l.0950 
l.0760 
0.0000 

X3 

1.1127 
l.0943 
l.0707 
l.0791 
1.1002 
l.1070 
l.0959 
1.0936 
1.0738 
1.0831 
1.1176 
1.1190 
l.1203 
l.1043 
1.0977 
1.0859 
1.0978 
1.1131 
1.1197 
l.1209 
1.1171 
1.1126 
1.1127 
1.1251 
1.1287 
1.1116 
1.1050 
1.1139 
1.0971 
0.0000 

w 
wr 
WN 
WHY 

WP 

WB 

cc 
CVI 

ALPHA 

BETA 

GAMMA 

XI 
X2 

X3 

Climatic index for the aggregate cattle herd, June-July 

Climate Index for Cows and Calves, June-July 

Climatic index for steers, June-July 

Climatic index for heifers and yearlings, June-July 

Climatic index during the calving season 

Climatic index during the calf breeding season 

Climatic variation impact index 

Climatic-vaccination variation index 

Index of previous mortality for calves slaughtered 

Index of previous mortality for yearlings slaughtered 

Index of previous mortality for steers slaughtered 

Multiplicative factor for calves slaughtered 

Multiplicative factor for yearlings slaughtered 

Multiplicative factor for steers slaughtered 

The original unweighted De Martonne climatic indices for each 
observatory are available from the author. 

= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 



4. 	 A high value of W is expected to be positively 
correlated with production, although an excess of 
rain or freezing temperatures can obviously be 
detrimental. The temperate climate in the Argen
tine Pampas makes the risk of frost damage very 
small, but excess water can be a factor in certain 
areas. One could assume that a certain amount is 
optimal, using the difference from this amount as 
an indication of the weather's influence. If too 
much rainfall has a qualitatively different effect 
than too little, two indexes could be constructed, 
one for excess and the other for insufficient water, 
letting each assume a value of zero when the 
observation lay within the other's range. Such 
complications were not necessary for this study. 

5. 	 There are occasional gaps in some of the series 
from the individual locations for rainfall, tempera
ture, or both. When these gaps occurred, data 
from the nearest or otherwise most similar obser
vatory w.ere substituted. The observatory from 
which data were substituted was not always one of 
the set of 37 used in this study; there are many 
weather stations in Argentina. The 37 weather 
stations included were chosen because they 
covered the geographic area studied fairly equidis
tantly. It was not difficult to find other weather 
stations close by which experience similar weather 
according to oilicial 1sohyet charts, whii.;h had col· 
lected data when one of the selected 37 had been 
shut down. 

6. 	 In an unpublished study on Argentine com produc
tion, I used two climatic indexes, constructed from 
the same basic data. The first index measures 
climatic conditions just prior to and during the 
planting season and attempts to measure the 
effect of climate on the acreage planted, which 
may be affected either because planting requires 
that certain soil moisture conditions be met 
beforehand or because the crop in question is a 
secondary crop and will be planted if and only if 
conditions are too poor to permit the planting of 
the more profitable crop. The second index meas
ures climate conditions from the time of planting 
to the time of harvest and attempts to determine 
climatic influence on yields per acre. Both indexes 
are generally statistically significant. 

7. 	 A study of the cattle sector by CONADE, the 
Argentine government planning and development 
agency, grouped the 1960 census data by 18 
separate regions, attempting to gerrymander 
regional boundaries according to the homogeneity 
of the agricultural enterprises within. They also 
compiled data for the size and composition of the 
herds within each region. I added three areas not 
included in the CONADE study for which the 
same data are available. 

8. 	 The de Martonne indexes constructed for the indi
vidual observatories have different means and 
variances because climatic conditions vary sys
tematically from one location to another. To 
aggregate them, I decided to center each index on 
100 rather than on its mean as measured by the 
de Martonne index raw figure. I did this believing 
that the yearly variance from a standardized 
mean would provide a better measure of climatic 
change than using the raw figures from each de 
Martonne index itself, although clearly this gives 
more weight t.o locations with a large variation in 
climate. This is desirable if the strength of the 
effect of climatic variation increases as the percen
tage change increases. 

9. 	 Although climate is usually beiieved to be a good 
example of a purely random variable, it is 
interesting to note that climate, as measured by 
these indices, was distinctly worse during the 
period 1956-1965 than for the period 1940-1965. 
The mean for the whole period is 99.87 and for the 
later ten-year period is only 89.76--a marked 
difference statistically significant at the 5 percent 
level, assuming the index is normally distributed. 
Although rainfall during the latter period was 
close to the long-run average, temperatures were 
much higher. 

The de Martonne index generally gave more 
significant results in my estimating equations 
than did a simple rainfall index, suggesting that 
the former is a better indicator of climatic effects 
on agricultural production. This result also sug
gests that unfavorable weather was an important 
cause of lower output growth during 1956-1965, 
and that part of the increase observed in agricul
tural output after 1964 may be due to a return to 
more normal climatic conditions. And this result 
suggests that research should be done to deter
mine how producers form their climatic expecta· 
tions, and whether these expectations affect the 
allocation of resources. 
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Appendix IV 

"Production" Versus Slaughter as an 
Indicator of Output 

The total production of meat by the cat
tle sector during any period of time is equal 
to the summation of both slaughter and the 
net change in the herd. Most previous 
models have dealt with production in terms of 
gross animals produced, that is, the number 
of animals born less the number of animals 
that die of natural causes. A better indicator 
of production should consider both the addi
tion of animals or meat units from net births, 
plus the change in weight of the existing 
herd during the year. The net number of 
animals born from year to year varies rela
tively little (as the size of the breeding herd 
and the calving rate change) and will be 
negative only under extraordinary cir
cumstances. However, production defined as 
net meat units produced can vary substan
tially, especially in a country like Argentina 
where climatic variations have such serious 
impact on animals weights via changing pas
ture and forage availability. 

However, "production" probably should 
not be used as an explanatory variable in the 
model. Consider the determination of the 
herd within the context of portfolio selection. 
Producers choose from various alternative 
assets portfolios which best satisfy their 
preference functions. A farmer with a larger 
number of alternative assets such as land, 
cattle, machinery, buildings, cash, and stocks 
and bonds, must decide how to allocate capi
tal among them. This farmer behaves in pre
cisely the same fashion when selecting the 
animals for the herd. A producer does not 
choose to hold so many dollars worth of cattle 
irrespective of type. The decision about the 
total value of animals to hold is the result of 
choosing the optimal number of animals of 
each size, sex, and age, given their respective 
risks and returns on a basis complementary 
to one another and to other productive assets. 
Specifying the herd demand (or slaughter) by 
separate classifications of animals is an 
attempt to sort out the behavior of producers 
toward different types of assets under 
different conditions. Clearly, a cow is not a 

steer, nor does it fulfill the same functions 
within the herd. 

We then need to consider how sensitive 
the capital values of different types of 
animals are to changes in expectations and 
how these changes will affect the numbers of 
each sent to slaughter. The "price per pound" 
of an animal in the slaughter market or as a 
capital good depends on its condition, fatness, 
and so forth. However, the total value of the 
animals is not given by multiplying weight 
times a fixed price, but by a price which 
varies with weight given the category of the 
animal. But such a price may be much more 
sensitive to weight changes for some 
categories of animals than others. Consider 
several examples. Although a steer must be 
in top condition to bring a good price, and the 
difference between top and bottom prices may 
be substantial, there are moments when the 
value of a cow being used as a breeding 
animal is quite insensitive to its weight, such 
as during the early months of pregnancy. 
The only effect of weight on price at this 
moment is the effect on its capital value via 
the effect on the value of its future calf, 
which at this stage is negligible. Similarly, if 
a calf is being raised for slaughter at a future 
date, and its capital value now dominates its 
slaughter value, any change in its weight has 
an effect on its value today not through the 
change in what it is worth in the slaughter 
market today, but through the change in its 
present discounted future slaughter value. 

As a result, producers must consider 
both numbers and average weight when 
selecting a desired herd, for both of these 
have an effect on the value of each animal to 
each producer. But as the effect on produc
ers' decisions of weight and numbers is not 
strictly multiplicative, it seemed better to 
include each of these as an explanatory vari
able in the slaughter equation, rather than 
their product. 

In fact, there was no way to obtain the 
weights of animals in the herd independently 
of those being slaughtered, and the slaughter 
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weight of animals was not significant when 

included. A better proxy for average herd weight is 

the climatic (i.e., weather) variable, which of course 

was included. Again it must be pointed out that the 

weather coefficients reflect several possible effects. 


Appendix V 

Estimated Annual Calving Rates In 
Argentina, 

1937/38~1966/671 

YEAR CR 

1937/38 0.730 

1938/39 0.775 
1939/40 0.680 

1940/41 0.648 
1941/42 0.657 
1942/43 0.589 
1943/44 0.541 

1944/45 0.639 I 

l 
1 

1945/46 0.630 

1946/47 0.656 

1947/48 0.653 

1948/49 0.667 l 
1949/50 0.655 

1950/51 0.655 

1951/52 0.696 

1952/53 0.654 

1953/54 0.726 

1954/55 0.697 

1955/56 0.691 I 
1956/57 0.684 i 
1957/58 0.672 

1958/59 0.696 

1959/60 0.698 

1960/61 0.703 

1961/62 0.717 

1962/63 0.689 

1963/64 0.700 

1964/65 0.724 

1965/66 0.723 

1966/67 0.721 

a The calving rate is defined as follows: CR.= TtfVB1• 
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