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Quantitative analysis of the beef cattle industry in the state of Para,
Brazil
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Abstract

The state of Para has the fifth largest cattle herd in Brazil at 20.3 million heads, and beef cattle breeding
accounts for 44.32% of the agricultural production value. Using a recursive econometric model
estimated by the generalized method of moments, we evaluated the effects of variables that define the
supply and demand of slaughtered beef cattle from 1990 to 2015. The results showed that supply and
demand were inelastic to prices. Increases in rural salary and calf prices negatively affected supply,
and the response to rural credit applications occurred with a four-year lag due to the biological and
technological characteristics of production systems. Deforestation tended to increase the supply of
cattle and slaughterhouses appropriated the largest share of the economic surplus generated. There
were productivity gains since the early 1990s, with the yield of slaughtered animals was 230.55 kg
for cattle and 182.25 kg for cows, while currently, it is 276 and 202.5 kg, respectively. The creation of
the Agriculture and Livestock Defense Agency of the State of Pard had a positive effect on the supply
of cattle and the expansion of agroindustry structure, contributing to the supply of large markets with
higher quality beef.
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Resumo

O estado do Para possui o quinto maior rebanho bovino do Brasil, 20,3 milhdes de cabegas, ¢ a pecuaria
de corte responde por 44,32% do valor da produg@o agropecuaria. Avaliaram-se os efeitos das variaveis
que definem a oferta e a demanda de bovinos de corte abatidos no periodo de 1990 a 2015, por meio
de um modelo econométrico recursivo estimado pelo Método Generalizado dos Momentos. A oferta
e a demanda sdo inelasticas a pregcos. Aumentos no salario rural e no preco do bezerro impactam
negativamente sobre a oferta e a resposta as aplicagdes de crédito rural ocorre com defasagem de
quatro anos em fungdo das caracteristicas biologicas e tecnoldgicas dos sistemas de producdo. O
desmatamento tende a aumentar a oferta de bovinos ¢ os frigorificos se apropriam da maior parcela do
excedente econdmico gerado. Ocorreram ganhos de produtividade desde o inicio da década de 1990,
pois o rendimento de carcaga dos animais abatidos era de 15,37 arrobas para bois ¢ 12,15 arrobas
para vacas e, atualmente, sdo de 18,4 ¢ 13,5 arrobas, respectivamente. A criagdo da Agéncia de Defesa

' Profs. Drs., Instituto Socioambiental e dos Recursos Hidricos, Universidade Federal Rural da Amazonia, ISARH-UFRA, Belém,
PA, Brasil. E-mail: marcos.santos@ufra.edu.br, acsufra@gmail.com; cyntiamei@hotmail.com

2 Profs. Drs., Programa de Pds-Graduagdo em Ciéncia Animal, Instituto de Medicina Veterinaria, Universidade Federal do Para,
IMV-UFPA, Castanhal, PA, Brasil. E-mail: joselourencojr@yahoo.com.br; stefano.andrade@gmail.com; andregms@gmail.com

3 Pesquisador, Dr., Empresa Brasileira de Pesquisa Agropecuaria, EMBRAPA Amazonia Oriental, Belém, PA, Brasil. E-mail:
alfredo.homma@embrapa.br

" Author for correspondence

Received: May 05, 2017 - Approved: Nov. 21, 2017 747

Semina: Ciéncias Agrarias, Londrina, v. 39, n. 2, p. 747-756, mar./abr. 2018



748

Santos, dos M. A. S. et al.

Agropecuaria do estado do Pard exerceu efeito positivo sobre a oferta de bovinos e a ampliacdo da
estrutura agroindustrial, contribuindo para o abastecimento de mercados amplos com carne bovina de

maior qualidade.

Palavras-chave: Métodos econométricos. Demanda. Oferta. Pecuaria de corte. Amazonia.

Introduction

Breeding beef cattle is the most important
activity in the rural economy of Par4, as it constitutes
40% of agricultural establishments, regardless of
size (IBGE, 2016a). In 2015, its herds totaled 20.3
million heads, 9.42% of the national total, and the
highest amount among the North Region states and
fifth in the country (IBGE, 2016b). Pastures are
the main form of land occupation, with 16 million
hectares, of which 28% are in an advanced state
of degradation (ALMEIDA et al., 2016; INPE,
20164a). In the same year, according to data from the
Ministry of Agriculture, Livestock, and Supply, the
beef cattle industry generated 44.32% of the income
of Para’s agricultural sector (MAPA, 2016a).

Livestock farming in Para has been growing
rapidly since the 1970s. The most pronounced
phase occurred between 1970 and 1990, driven by
agricultural colonization policies, fiscal incentives,
and infrastructure projects, which attracted large
numbers to Pard. In the early 1970s, the state of Para
represented 1.5% of the national herd, in 1990 this
share reached 4.2%, corresponding to a growth rate
of 10.6% per year, much higher than in the same
period, which was 2.6% per year (IBGE, 2016b).

Between 1990 and 2015, the herd grew at a rate
of 5.5% per year, well above that observed in the
country at 1.7% per year, indicating continuing
growth (IBGE, 2016b). However, this growth is
now in a new context, with greater pressure on
land, labor, and environmental regularization,
institutional changes in financing and animal health
policies, and the expansion of the production chain
with the implementation of several slaughterhouses
under federal, state, and municipal inspection. It also
demonstrates new standards of consumer demand,
especially in the international market, interested in

the socioeconomic and environmental characteristics
of production systems, meat quality, and added
value to products, with significant implications
for market relations of beef cattle breeding in the
state of Para and Amazon (BARBOSA et al., 2015;
HOMMA, 2017). This has substantially increased
the demand for animals for slaughter to serve local,
national, and international markets.

In the state of Para, the slaughter of cattle
is concentrated in fridges and slaughterhouses
currently numbering 55 establishments, 14 with
the Federal Inspection System (SIF), 14 with
the State Inspection System (SIE) and 27 under
municipal inspection (IBGE, 2016¢). In 2015, these
establishments slaughtered a total of 2.7 million
head of cattle, corresponding to a slaughter rate
of 13.1%, and representing 8.6% of the total cattle
slaughtered in Brazil. Of this total, 55.1% were
oxen and 44.9% were cows. Fridges under federal
inspection slaughter 581 heads of cattle per day on
average, constituting 73.5% of slaughtering, and
produce primarily for the national and international
market. Fridges under state inspection slaughter
148 heads on average and meet the state demand,
representing 18.8% of'the slaughtering. Slaughterers
under municipal inspection slaughter an average
of 30 heads a day to meet the local demand, and
account for only 7.4% of the slaughtering (IBGE,
2016c).

This article aims to estimate the parameters of
an econometric model of the slaughtered beef cattle
market in the state of Para, covering the period 1990-
2015, evaluate the effects of the factors affecting
the demand and supply of cattle, and estimate the
elasticity coefficients. These results contribute to
the understanding of economic relations between
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the agents that participate in the market and the
effects of public policies on the production chain of
beef cattle breeding.

Material and Methods
Study area and data used

The state of Para, with an area of approximately
1.25 million km?, is the study area. It makes up
14.7% of Brazilian territory and has a population
of 8.2 million, 4% of the national population. The
cattle population is approximately 20.3 million
head, representing 9.42% of the national herd and
43% of the Northern Region of Brazil (IBGE,
2016b).

We used time series that cover the period from
1990 to 2015. We use this period to measure the
effect of the deforestation variable, whose database
is only available for this time horizon. This variable
is fundamental in the analysis of the cattle market
in the Amazon, and particularly, in the state of Para.
We use it to evaluate the effect of deforestation
dynamics on the increase in supply of cattle, as we
expect a positive correlation between these variables
(RIVERO et al., 2009). However, the displacement
of livestock supply occurs with time lag, as
deforestation initially affects the timber market
and these areas are only used for agricultural and
livestock activities after a few years (SANTANA
et al., 2011). The variables of live cattle price and
per capita income by municipality and state became
available annually in this period. Furthermore, from
the 1990s, owing to the supply of credit from the
Northern Constitutional Financing Fund (FNO),
livestock farming presented higher performance
(SANTANA, 2002, 2012; SANTOS et al., 2007).
Thus, we specified the equations of supply and
demand of cattle using the variables presented
below.

The data of cattle herds and total cattle
slaughtered under federal, state, and municipal
inspection are from the Municipal Livestock

Research and the Quarterly Animal Abattoir Survey
of the Brazilian Institute of Geography and Statistics
(IBGE, 2016b,c). We obtained data on the rate of
deforestation from the database of the Monitoring
System for Deforestation of the Legal Amazon of
the National Institute for Space Research (INPE,
2016b) and live cattle price from the State Secretariat
for Agricultural Development and Fisheries of the
state of Pard (SEDAP, 2016). The values of per
capita income, rural salary, and prices of products
related to the cattle market (calf, milk, chicken, and
swine) are from the Institute of Applied Economic
Research (IPEADATA, 2016). The values of rural
credit applications in cattle are from the Statistical
Yearbook of Rural Credit of the Central Bank of
Brazil (BACEN, 2016). All monetary variables
were corrected for December 2015, based on the
General Price Index - Internal Availability (IGP-DI)
of the Getulio Vargas Foundation (FGV, 2016).

Econometric model

The pricing dynamics of the beef cattle market
are determined by the interrelationship between
the demand and supply of cattle slaughtered in
the state of Pard. The proposed model refers to
market relations at the producer level, where the
slaughtering agroindustry fulfills demand through
fridges and cattle slaughterhouses under federal,
state, and municipal inspection, and supply by cattle
ranchers.

The slaughter is concentrated in slaughterhouses
under federal inspection (14 slaughterhouses),
which constitute an oligopsony - a market structure
with few large buyers. Of the total slaughtered
animals, 73.8% belong to the same business group
or are branches of large groups established in other
states in the Amazon and Brazil, which generates
strong interdependence between companies, as
some of the fridges with SIF are in the state of
Pard. Such a market structure allows for a greater
possibility of exercising market power, which
generates incentives for cartelization; therefore, the
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actions of one or more groups may influence the
purchase price of cattle for slaughter (GOODWIN,
1994; SANTOS et al., 2007; BOECHAT; ALVES,
2014; MOITA; GOLANI, 2014).

The market is a perfect competition type on
the supply side. Many producers, each offering
a small quantity of a commodity (beef cattle for
slaughter) in relation to the total size of the market,
in a business environment where information on
production technologies and prices are available to
market participants, and there is no limitation on
the entry of new producers. Cattle ranchers become
price takers in such a market (NORWOOD; LUSK,
2008).

The econometric model is composed of the
following economic relations: supply and demand
and an identity equation. We used the total number
of cattle slaughtered under federal, state, and
municipal inspection systems from 1990 to 2015
as the variable to measure demand and supply. The
structural model is specified below, and all variables
except dummy variables and trend were specified in
the logarithmic form. Thus, the coefficients can be
directly interpreted as elasticities.

QOB =a,+a,PB, ,+a,SR +a,CR _,+aPBZ+
a5TDA4t—2 + aﬁVDlt + Cl7T+ e}, (1)
ODB,=b,+bPB +bR+bVD, +e,(2)
ODB, = Q0B = 0B, (3)

Wherein, endogenous variables:

ODB, and QOB, =
e number of heads of cattle slaughtered in the
state of Para from 1990 to 2015.

natural logarithm of the

PF, = natural logarithm of the real price of live
e cattle in the state of Para, in R$/arroba, from
1990 to 2015.

Exogenous and instrumental variables:

R, = natural logarithm of real per capita GDP as
a proxy for income in the state of Para, in R$/
inhab., from 1990 to 2015.

SR, = natural logarithm of rural salary (daily
wage), in R$/day, from 1990 to 2015.

PB,_,= natural logarithm of the real price of live
cattle in the state of Para, four-year lag, in R$/
arroba, from 1990 to 2015.

CR,_, = natural logarithm of the real value of
rural credit applications in cattle breeding in the
state of Para, four-year lag in RS, from 1990 to
2015.

PBZ = natural logarithm of calf’s real price,
from 1990 to 2015.

VD, = dummy variable included in the model to
capture the effect of the creation of Agriculture
and Livestock Defense Agency of the State of
Pard (ADEPARA), which assumes the value
0 in the period 1990-2002, and value 1 in the
period 2003-2015.

TDM,, = rate of deforestation, in percentage,
between 1990 and 2015.

T = trend variable, included in the model to
capture the technological advancement in beef
cattle breeding from 1990 to 2015.

EBOV, = natural logarithm of the bovine herds
in the state of Para from 1990 to 2015, used as
an instrumental variable.

PF, = natural logarithm of the real price of
chicken meat from 1990 to 2015, used as an
instrumental variable.

PS, = natural logarithm of the real price of pork
from 1990 to 2015, used as an instrumental
variable.

PL = natural logarithm of the real price received
by the producers of bovine milk in the state of
Par4, in R$/liter, from 1990 to 2015, used as an
instrumental variable.

Terms of random error:
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e and e, = random errors associated with

1t
. supply and demand equations, respectively.

Hypotheses to be tested:

According to economic theory, the expected
signals for the coefficients of variables are as
follows: a,, a,, a, a, a, b, and b,>0; a,, a, and
b,<0

The supply equation can be estimated
independently; however, the condition of market
equilibrium composes a recursive system with
the demand equation. The generalized method
of moments (GMM) was used to estimate the
parameters of the structural equations of the system,
as it involves the main methods of generalized
estimation of parameters of linear and nonlinear
econometric models and overcomes the problems of
violation of the classic autocorrelation hypotheses
and heteroscedasticity (GREENE, 2003). In the
Amazon, the method has already been applied in
the market analysis of several agricultural products
such as cowpea, tropical fruits, wood and acai
(SANTANA; SANTOS, 2000; FALEST et al., 2010;
SANTANA et al., 2011; NOGUEIRA et al., 2013).
Estimates for the cattle market in the state of Para
were obtained using the Eviews software, version

9.5.

Results and Discussion

The system of equations of supply and demand
of cattle in the state of Para was correctly specified,

as the Hansen J statistic assumed a value close to
zero. The exogenous and instrumental variables
explained the variations in the quantities offered
and demanded, at 88.95% and 92.83%, respectively,
and the error terms did not show autocorrelation
problems, as measured by the Durbin-Watson test
(DURBIN; WATSON, 1951) (Table 1).

Theresults of the supply equation are theoretically
consistent and significant at 1% probability. The
variable of live cattle price is the basic reference
in the decision-making of cattle ranchers on
adoption of technologies and investments, and the
supply of animals for slaughter depends on the
prices received, with some discrepancy due to the
characteristics of production systems (GOODWIN,
1994). The price elasticity coefficient of supply
expresses the effect of prices received by cattle
ranchers on the supply of slaughter-ready cattle.
The coefficient was 0.5652; therefore, for each 10%
increase in price with a four-year lag, the supply of
animals for slaughter increases by 5.652% ceteris
paribus, indicating that supply is inelastic to price.
This temporal lag to price stimulus results from
the biological and reproductive characteristics
of the animals and the technological level of
production systems, with animals fed exclusively
on pastures. Thus, between stimulation of prices,
investment decision, and adoption of management
practices in the production and commercialization
of animals ready for slaughter within fridges and
slaughterhouses, the livestock cycle lasts for at least
four years (BRAGANCA; BUENO, 2010).

Table 1. Results of the adjustment of supply and demand
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equations of beef cattle in the state of Para, 1990-2015.

Variable Coefficient Standard error T-test
Supply Equation
Intercept 9.5667* 1.2655 7.5594
PB 0.5652* 0.0910 6.2078
SR, -1.5983* 0.1741 -9.1819
CR,, 0.3222%* 0.0580 5.5572
PBZ, -0.3168%* 0.0934 -3.3899
D, 0.1434* 0.0277 5.1701
VD, 0.1220%* 0.0307 3.9748
Trend (T) 0.1115* 0.0065 17.2103
R? 0.8895
Adjusted R? 0.8343
Durbin-Watson - d 1.2541
Demand Equation
Intercept -5.7572% 1.2371 -4.6536
PB, -0.4020%* 0.1059 -3.7976
R, 2.1144%* 0.1123 18.8203
VD, 0.6431* 0.0248 25.9469
R? 0.9283
Adjusted R? 0.9185
Durbin-Watson - d 0.9447

Source: Research Data.

Notes: Statistics J = 0.264; (*) indicates significance at 1% probability.

The coefficient of price elasticity of supply
obtained differs from the results of previous studies
on beef cattle in the state of Para. Santana (1998)
estimated a price elasticity coefficient of the
live supply of cattle at -0.78 for the period 1980-
1996. Activity was very extensive at that time,
characterized by low production cost, higher ages
of slaughter, and cattle ranchers with low levels of
information. Therefore, even with falling prices due
to the livestock cycle, the sale of matrices expanded
the supply of animals for slaughter. In another study,
covering 1980 to 2000, Santana (2002) estimated
the coefficient of price elasticity of supply at -0.06,
but did not present its statistical significance. The
results of this study, compared to those obtained
in prior studies mentioned, indicates that the price
elasticity of supply evolved, mainly due to changes

in technology, productivity, and market information
search by cattle farmers (SANTOS et al., 2017).

There is an inverse relationship between
rural wages and the supply of cattle because it
is an important factor in the implementation of
management practices of production systems in
rural properties. This has become increasingly
scarce due to migration and structural changes in
rural areas with the young searching for formal jobs
in other sectors of the economy (DIEESE, 2014).
The coefficient of elasticity cost, which evaluates
the effect of rural wage variations on cattle, was
-1.5983, showing that for each 1% increase in the
value of a rural worker’s salary, supply tends to
decrease around 1.6%. Although breeding beef cattle

is not labor intensive, this result reflects the general
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scarcity of this production factor in rural Para. For
example, in 1985, each agricultural establishment
had an average of 5 employees, in 1996 it fell to 4.3,
and in 2006 it decreased to 3.6 (IBGE, 2016a). This
trend has been maintained in recent years due to
urbanization, technological changes in agriculture
and livestock, precarious working conditions, and
access to public services in rural areas (DIEESE,
2014).

From 1990 to 2015, the main instrument to
support investments in bovine farming was rural
credit. The creation of the Constitutional Financing
Fund for the North (FNO), which began operations
at the end of 1989, guaranteed a more stable
supply of funds for financing agricultural activities
throughout the North Region, and particularly in
the state of Para. Therefore, there was a significant
increase in the total volume of funds invested. In the
analyzed period, the value of rural credit operations
grew at a rate of 8.7% per year, totaling R$ 24.1
billion. Of this, R$ 13.1 billion was allocated to beef
cattle projects, which represented 54.1% of the total
(BACEN, 2016).

To assess the impact of rural credit on the supply
of cattle, we included in the econometric model
the value of credit applications in bovine farming
projects with a four-period lag, considering the time
required for investments to result in production. The
elasticity-credit coefficient was 0.3222, indicating
that each increase of 10% in rural credit supply for
bovine farming projects implies a 3.22% increase
in the supply of animals for slaughter four years
later. This indicates that resources mainly finance
the acquisition of animals for herd composition,
reproduction, and property infrastructure, to the
detriment of adopting innovations of greater impact,
such as recovery and improvement of pastures,
artificial insemination and embryo transfer, which
would bring greater precocity and productivity
benefits to production systems (ARIMA et al., 2005;
SANTOS et al., 2012).

Calf price is an important variable in production

costs and is the benchmark of the replacement market
(SOUSA, 2005; SACHS; MARTINS, 2007). In the
early 1990s, with 4.6 arrobas of live cattle, it was
possible to acquire a calf. In 2015, this ratio was 7.6
arrobas for a calf, a depreciation of 65.22% in the
exchange ratio, with costs implications, mainly for
cattle ranchers who work with rearing and fattening.
Consequently, the
between the supply of cattle for slaughter and calf
price was -0.3168. Thus, for each 10% increase in
the price of the calf, the supply of cattle tends to

cross-elasticity  coefficient

decrease 3.168% ceteris paribus.

The rate of deforestation had a direct and
significant relationship with the supply of cattle.
The cross-elasticity coefficient, equal to 0.1434,
indicates that each 10% increase in deforestation
with a two-year lag implies a 1.434% increase in
the supply of cattle in the present time. As supply
is less inelastic than demand, deforestation tends to
benefit fridges more than cattle ranchers.

The trend variable, included to capture the
technological advancement in beef cattle breeding
in Pard, was positive and statistically significant.
During this period, there was a large increase in
official slaughtering, from approximately 500
thousand heads in 1990 to 2.7 million in 2015,
which corresponds to a growth rate of 8.1% per year.
Productivity gains were also observed in the period
under analysis, since at the beginning of the 1990s,
the average slaughter yield was 15.37 arrobas for
oxen and 12.15 arrobas for cows, and at present, it
is 18.4 arrobas for oxen and 13.5 arrobas for cows
(IBGE, 2016c).

In the demand equation, all coefficients are
significant at 1% probability. The demand for
cattle by fridges and slaughterhouses is inelastic
to price, as for each 10% increase in livestock
prices there is a reduction of 4.02% ceteris paribus.
Regarding per capita income, the coefficient of
1.4769 reveals that the demand for cattle by the
slaughterhouses responds positively to increases in
consumer income, a result consistent with consumer
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theory. That this coefficient is higher than 1 can be
justified as the real income increases, the demands
on the origin and quality of the meat also increase
primarily through consumption of meat produced
in establishments under federal inspection. Note
that at the end of the 1990s, SIF slaughterhouses
accounted for 50.6% of all slaughtered animals. In
the last three years (2013-2015), this participation
reached 73.5% (IBGE, 2016¢).

The dummy variable was included in the supply
and demand equations to capture the effect of
the creation of the ADEPARA in 2002, through
Law No. 6.842 (PARA, 2016). Regarding animal
production, its main function is to implement
national animal health policies with emphasis
on the National Program for the Eradication and
Prevention of Foot-and-Mouth Disease (PNEFA)
and the National Program for the Control and
Eradication of Animal Brucellosis and Tuberculosis
(PNCEBT), in accordance with the guidelines
of the World Organization for Animal Health
(OIE). The dummy variable showed a positive
and significant coefficient at 1% of probability,
indicating an important institutional advance in the
development of cattle breeding in Para, as it created
a favorable environment for both cattle ranchers and
agribusiness investments, aiming to participate in a
broad market, especially for meat exports.

During this period, progress was achieved
against foot-and-mouth disease, with effects on
beef cattle breeding and dairy farming. Currently,
based on the results of vaccination in the second
half of 2015, 21.3 million bovine and buffalo
heads were vaccinated, which indicates vaccination
coverage of higher than 98.9% (MAPA, 2016b).
The advances in vaccination coverage since the
creation of ADEPARA resulted in the recognition
of Southeastern Pard as free of foot-and-mouth
disease with vaccination in 2007, followed by the
municipalities of the Northern region of Para in
2014 (MARQUES et al., 2015; MAPA, 2016c¢).
This led to the expansion and modernization of the
state’s cold storage facility. In 2002, there were 48

establishments under inspection (federal, state, and
municipal), which slaughtered a total of 1.3 million
head of cattle. In 2015, this number was 2.7 million,
involving 55 establishments, of which 14 are under
federal inspection, exporting meat to the rest of
Brazil and the international market.

Conclusions

The demand for beef cattle is inelastic in the
state of Para, because for each increase of 10% in
price, the quantities demanded tend to decrease
6.048% ceteris paribus. The increase in the per
capita income of consumers has a positive effect
on demand, especially of fridges under federal
inspection.

Supply is inelastic to prices and rural credit
applications, responding with a lag of four years
to the stimuli of these variables, depending on the
biological and technological characteristics of the
production systems. The scarcity of labor in rural
Para affects the supply of cattle, as each increase
of 1% in the wages of rural workers implies a 1.6%
reduction in supply. The increases in the price of
calves also have a negative impact, as there was a
marked depreciation in the exchange ratio between
calf and ox in the analyzed period. We also observed
that deforestation increases the supply of cattle and
that the slaughterhouses own the majority of the
economic surplus generated by beef cattle breeding.

There were productivity gains in the analyzed
period, evidenced by the higher carcass yield of
slaughtered cattle, which went from 15.37 arrobas
of oxen and 12.15 arrobas of cows in the early
1990s to 18.4 and 13.5 arrobas, respectively, in
2015. The public health animal protection policies
implemented since the creation of the Agriculture
and Livestock Defense Agency of the state of Para
have increased the supply of cattle and expanded the
agribusiness structure of slaughtering, contributing
to the supply of quality meat to largest international
markets.
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