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Abstract: The objective of this study is to verify the interdependence and asymmetry in price transmission be-
tween the main Brazilian and international slaughter beef cattle markets. We opted for causality and cointegration
tests, and application of a multiple regression model to analyse the asymmetry in price transmission between the
main Brazilian and international markets. The results showed that there is an interdependent relationship between
the prices of live cattle in the Brazilian market and the prices of beef cattle in international markets. However,
the direction of transmission between them is significant only from the prices of live cattle in the main Brazilian
markets to the prices of beef cattle in international markets.

Keywords: Asymmetry price transmission; Beef cattle; International and brazilian market; Price transmission.

Resumo: Este estudo tem por objetivo principal verificar a interdependéncia e a assimetria na transmissao de precos
entre os principais mercados brasileiros e internacionais de bovinos de corte em ponto de abate. Optou-se por testes
de causalidade e de cointegragdo, e aplicagdo de um modelo de regressao multipla, que permitisse analisar a assi-
metria na transmissdo de pregos entre os principais mercados brasileiros e internacionais. Os resultados da pesquisa
apontaram que existe relacdo de interdependéncia entre os pregos do boi gordo no mercado brasileiro e os pregos dos
bovinos de corte nos mercados internacionais. Porém, a direcao da transmissibilidade entre eles ¢ significativa tao-
-somente dos pregos do boi gordo nas principais pragas brasileiras para os precos dos bovinos de corte nos mercados
internacionais.

Palavras-chave: Assimetria na transmissao de precos; Bovinos de corte; Mercado internacional e brasileiro; Trans-
missdo de pregos.
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1 INTRODUCTION

Price transmission has often been assessed in agricultural commodity markets. Numerous stu-
dies have raised this issue with the intensification of trade relations between agents from various
productive chains and the maximization of business’ internationalization. Hypothetically, this
contributes to the integration between markets as well as allows for greater consideration of infor-
mation and changes in the dynamics of price transmission that, technically, can drive the response
to shocks within a market or between markets that trade and compete. Shocks are events that take
into consideration information that may affect prices, causing its decrease or increase (GILBERT;
MORGAN, 2010). In the short term, for example, the "shock" or the sudden reduction of a product
supply would entail the immediate increase in the price of this product, on the contrary, would lead
to a price fall. This transfer via shocks is scientifically known as price transmission.

In this context, the discussion on issues that contribute to the evolution of management in agri-
cultural marketing must develop not only following the findings of studies for decision-making
in the production chains, but also due to the need to generate relevant knowledge to increase the
effectiveness of price risk management. So, by assisting the agro-industrial chains with data and
information capable of helping in decisions and making them more effective, it is possible to
contribute to the economic sustainability of agribusiness, which is one of the main sectors of the
Brazilian economy. Agribusiness represents one-quarter of the Brazilian gross domestic product
(GDP) and employs 20% of the labour force in Brazil (CEPEA, 2019).

Given the representativeness of the production set, industrialization, domestic consumption
and export of beef in Brazil, in addition to the characteristics that surround this environment, it is
clear that one of the agricultural markets which are most susceptible to price uncertainties is that
of the live cattle. Regarding the magnitude and reach, it is worth mentioning that Brazil, with ap-
proximately 14% of total bovine animals and 17% of the international beef market, is positioned
first in the contingent ranking of commercial beef cattle and bovine meat exports. Still on the sco-
pe of the beef market, Brazil, in 2018, was positioned 2nd in the world ranking in beef production,
with approximately 16.5% of the total produced, behind only the United States of America (USA),
with about 19% of world production (ABIEC, 2018; USDA, 2019).

In addition to Brazil, other relevant countries in the set of production, export and domestic per
capita consumption of beef are the USA, Australia, Argentina, Paraguay, and Uruguay. India also
has representative numbers, but, for religious reasons, the country produces mainly buffalo meat.
Together, Argentina, Australia, Brazil, USA, Paraguay, and Uruguay, are responsible for approxi-
mately 35% of the world's bovine contingent and 60% of global beef exports. In the beef export
arena, the prominent are Brazil, Australia, and the USA, which, with 17%, 13% and 12%, respec-
tively, are the top three in the world ranking, and for Argentina, Paraguay and Uruguay, which,
aggregates, reach 11% of the international market, a significant amount given the number of cattle
in these countries (ABIEC, 2018; USDA, 2019).

As for the total volume of beef demanded domestically, the USA, China, Brazil, and Argentina
are the largest markets; in terms of per capita consumption, Uruguayans and Argentines are the
largest consumers of beef, both with approximately 55 kilograms of average consumption per
year. Brazilians, Americans, and Paraguayans, on average, consume approximately 38 kilogra-
ms of beef per year, while Australians’ demand is around 30 kilograms per inhabitant per year
(USDA, 2019).

Concerning Brazilian beef cattle, an important point to be featured is the distribution of this ac-
tivity in the regions of the country, given that this activity is present in a large part of the national
territory, with emphasis on the states of the Midwest region, which together are responsible for
approximately 35% of the total Brazilian cattle herd. The states of Mato Grosso, Mato Grosso do
Sul, Goias, occupy, respectively, the 1st, 2nd and 3rd positions in the ranking. In addition to the
Midwest region, other regions and states stand out in Brazilian beef cattle breeding; Southeast,
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with the states of Minas Gerais and Sao Paulo covering 16% of the total cattle and occupying,
respectively, the 4th and 11th positions in the ranking. In the North, the states of Pard, Rondonia,
and Tocantins, comprise 19.5% of the total cattle and occupy, respectively, the 5th, 7th and 10th
positions in the ranking; and in the South, with the states of Rio Grande do Sul and Parana cove-
ring 10.5% of the bovine contingent and occupying, respectively, the 8th and 9th positions in the
Brazilian ranking (ABIEC, 2018).

Despite the significance of Brazilian beef cattle, the lack of scientific and transparent infor-
mation about the interdependence between prices in the Brazilian and international markets is an
important problem to be considered. Also, the fact that it is unknown whether the transmission
occurs exclusively via shocks in the prices of the market itself or whether it comes from shocks
in the prices of competing or competitive interacting markets, added to the lack of knowledge
about the dominance in the transfer and the unfamiliarity whether this diffusion of cross-market
pricing is symmetrical between transmitters and receivers, they are also important elements to be
researched.

Given this problem, the following research questions emerged: (i) is there an interdependent
relationship between the prices of live cattle in the Brazilian market and the prices of beef cattle at
the point of slaughter in the international market? and, if the direction of causality between prices
is identified, (ii) does price transfer occur between these markets? and, still, (iii) are the positive
and negative variations in the prices of interacting markets transmitted in the same magnitude?
Therefore, this study aims to verify the interdependence and asymmetry in the transmission of
prices between the main Brazilian and international markets for beef cattle at the slaughter age. As
a specific objective, this research aims to investigate the question of dominance in the transfer of
prices between the prices of live cattle in the Brazilian market and those of beef cattle at slaughter
age in international markets.

2 THEORETICAL BACKGROUND

In order to theoretically base and offer a better understanding of the interdependence and asym-
metry in the transmission of prices in the live beef cattle and beef market, the results of important
studies published in national and international scientific journals are presented and discussed be-
low, including a discussion on the characteristics, features, and results of these studies.

One of the precursor studies of the discussion on asymmetry in the transmission of livestock
prices was carried out by Bailey and Brorsen (1989). In this study, the spatial price transmission
asymmetries between four US-beef cattle markets were analysed, more precisely, Texas, Nebraska,
Colorado, and Utah. The results of the investigation rejected the symmetry in price transmission
and suggested that adjustments via price increases and decreases in these markets occur with di-
fferences in magnitude and speed.

With a focus on the Brazilian beef cattle market, Gaio, Castro Jinior and Oliveira (2005)
assessed the elasticity of price transmission and the integration between the markets of the Bol-
sa de Mercadorias & Futuros (BM&F)? and the main Brazilian beef cattle markets. The results
showed that the markets are spatially integrated, which suggests that a shock to the price of live
cattle at BM&F can change the prices of live cattle in the main Brazilian markets. Also, based on
Johansen's (1988) cointegration tests, Granger's (1969) causality, the balanced relationship betwe-
en prices in the long term was confirmed and they concluded that the BM&F beef market acted as
a good predictor of the price behaviour of other commercial centres in the period of 2000-2004.

Using methodological procedures close to those of Gaio, Castro Junior and Oliveira (2005),
an investigation was carried out by Zilli et al. (2008) on the causal relationship between live cat-
tle prices at BM&F and in the main beef cattle markets in the Southeast and Midwest regions of

2 Brazilian Commodities and Futures Exchange.
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Brazil in the period of 2002-2007. The results pointed out that cattle ranchers in the Southeast
and Midwest should follow, mainly, the prices of fat cattle at BM&F and in Campo Grande, in the
state of Mato Grosso do Sul, since these are robust predictors of price behaviour in their respective
commercial areas.

Mattos and Lima (2009) set out to examine the effects of transaction costs on the integration
between prices in the beef cattle markets of the states of Minas Gerais and Sao Paulo in the period
of 1972-2005, in the context that the analysis of the integration of agricultural commodity markets
is based only on price information. Therefore, the effects of transaction costs in the process of
adjusting prices and risks are ignored. The results of the estimated Threshold Vector Error Correc-
tion (TVEC) model showed that transaction costs are significant and that price shocks below 10%
of the average price are not transmitted between markets. The option for the threshold model was
based on the argument that, by not ignoring transaction costs, more robust conclusions are reached
about the integration between markets (GOODWIN; PIGGOTT, 2001).

In a methodological line like that outlined by Mattos and Lima (2009), researchers Cunha,
Lima and Braga (2010) studied the integration of the Brazilian beef cattle market, under the judg-
ment that the existence of transaction costs can create asymmetries or even hinder the process.
From this perspective, the researchers opted for an analysis based on Threshold Autoregressive
(TAR) and Momentum-Threshold Autoregressive (M-TAR) Cointegration models for the main
Brazilian livestock markets for the period of 1994-2008. The results indicated that the live cattle
markets are integrated, but the transaction costs influence the spatial link between them since the
negative shocks of low magnitude are eliminated distinctly from the positive ones. Therefore, the
benefits of these changes would be less than the costs of the adjustment.

Bender Filho and Alvim (2008) expanded the perspective of analysis. They jointly evaluated
the markets of Mercosur member countries and the USA, regarding the transmission of fresh
beef prices in the period of 1994-2005. Thereunto, Granger's (1969) and Johansen's (1988) coin-
tegration tests were applied, in addition to the impulse-response analysis. The results suggested
the presence of causality in the formation of prices among the markets of the Mercosur member
countries, as well as the intensity of the price shocks in each country analysed.

Recent research by Dong ef al. (2018) also brings with it the focus on analysing the transmis-
sion of beef prices at retail, in this case, between the Australian, Chinese and Southeast Asian
markets. In this investigation, the same set of methods applied in the research by Bender Filho and
Alvim (2008) was used to analyse the problem of price transfer. The results showed that the impact
of Australian beef prices on the Chinese and Vietnamese markets is not statistically significant but
is significant in the Indonesian market. It was also found that the Australian and Chinese markets
have their volatility affected only by variations in the markets themselves.

3. METHODOLOGY: DATA AND PROCEDURES

3.1 Characterization of study and research data

Aiming to achieve the objectives of this study, which involve the investigation of defined re-
search questions, a quantitative approach was proposed, supported by a specific set of statistical
methods and techniques. Therefore, in the sequence, the characterization of the price series is
discussed, including sources for obtaining the data, also in section 3.2 there is the econometric
procedure used to answer the research questions and achieve the study objectives.

The survey data are composed of the weekly price series quoted in US-dollars per kilogram /
live weight of beef cattle at slaughter age in the international market and of live cattle in the main
Brazilian beef cattle markets, in the period between January 6, 2007 and December 29, 2018, to-
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talling 627 observations. The denominations and the respective acronyms, fat oxen (FO) and beef
cattle at slaughter age and weight (BCSAW) will be used in this study to name the Brazilian beef
cattle and cattle at slaughter age or finished in the Brazilian and international markets, respecti-
vely. In turn, the time frame was defined based on the availability of successive and uninterrupted
data. Also, the series were logarithmised to remove exponential trends, which is a process that
follows the standards adopted in the leading international research on the subject.

Regarding the BCSAW price series in the international market, it is noteworthy that these were
provided by Minerva Foods' Market Intelligence (Business Intelligence - BI) and originated from
institutional databases in the Argentine, Paraguayan, Uruguayan, Australian and American ma-
rkets. Some specificities of the international BCSAW and the research data sources are described
in Table 1.

Table 1 — Data sources and denomination of beef cattle at slaughter age in the international market

Name Novillo Fat Ox Novillo Young Cattle Live Cattle
Data: Way of Tardaguila Tardaguila World Beef World Beef United States
Department of
access Agromercados Agromercados Report Report .
Agriculture
Data source Mercado g‘;o;;arzl(ﬁlaf{fﬁlp y ;Izstclzlrfels\lggonal Meat & Livestock Chicago Board of
de Liniers S.A. suay Australia (MLA)  Trade (CBOT)

CICPCB Uruguay (INAC)

The series of beef cattle prices in the Brazilian market were obtained from Minerva Foods'
BI and are based on data from the Center for Advanced Studies in Applied Economics (CEPEA)
of Luiz de Queiroz School of Agriculture (ESALQ) of the State University of Sao Paulo (USP).
The most relevant Brazilian markets (Brazilian states or commercial markets) in beef cattle were
represented, in this study, by the main commercial markets for live cattle, as shown in Table 2.

Table 2 - Specificities of the data regarding live cattle in the Brazilian market

Minas Gerais Triangulo Mineiro/MG
Southeast Sio Paulo” Aragatuba/SP, Bauru/SP, Marilia/SP, Presidente Prudente/SP and
Sdo José do Rio Preto/SP
Goids Goiania/GO
Mid-west Mato Grosso do Sul® Campo Grande/MS, Dourados/MS and Trés Lagoas/MS
Mato Grosso Cuiaba/MT
Parand Northwest Region/PR
South )
Rio Grande do Sul West Region/RS
Rondénia The Southwest Region/RO
North(3) )
Tocantins The Northern Region/TO

Notes: (1) The prices in the state of Sdo Paulo were represented by Indicator Esalq/B3, which refers to the weighted average of the ox in the
state of Sao Paulo (represented by markets of Aracatuba/SP, Bauru/SP, Marilia/SP, Presidente Prudente/SP, and Sao José do Rio Preto/SP).
More details on the methodology of calculation of the Esalq/B3 Indicator can be found on the website of the Center for Studies in Applied
Economics (www.cepea.esalq.usp.br). (2) The prices in the state of Mato Grosso do Sul were represented by the arithmetic average of the
prices of the ox in the three main markets of the state (Campo Grande/MS, Dourados/MS and Trés Lagoas/MS). (3) The state of Para was re-
moved from the sample by the fact that there are no consistent data on the prices of the ox in the period between the years of 2007 and 2012,
resulting in the lack of 314 observations, which potentially compromises the results of the research.

3.2 Econometric procedures and methods of analysis

To check the interdependence relationship between FO prices in the Brazilian market and BC-
SAW prices in the international market as well as the direction of causality between prices, an
econometric procedure was defined, which includes the set of estimates, tests, and analyses. First,
central tendency measures, dispersion, and linear correlation were estimated to describe the avera-
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ge, maximum and minimum values, as well as to inform about the variation around average prices
and indicate the direction of the linear relationship between prices. Then, the unit root test ADF
or Augmented by Dickey and Fuller (1981) was applied to verify that the statistical properties of
the series are maintained over time, having been identified that the series is stationary in the first
difference. In summary, this is a fundamental procedure to avoid obtaining spurious results in the
regression analysis that usually occurs when regressing independent non-stationary series.

The next step was to define the order of optimal lags by the information criterion of Akaike
(1974) added to the autoregressive vector modelling and verification of the causal direction be-
tween prices in the short term through the application of the Granger (1969) causality test in the
paired context and blocks.

The application of the Granger causality test for the stationary variables y, and x,, begins with
the specification of the autoregressive model, according to equations (1) and (2), in which it is
assumed that both e  and e , are error terms not correlated over time.

Ve=0a1 + 1 fixe 1 HET1Y Ve jt ey ()

Xe=a;+Z[L 0;xp 1+ 2}21 Vet ext (2)

Therefore, Granger's (1969) causality test allowed: a) to test whether past events can cause
present events; b) to check if a time series x helps to predict another series y, or vice versa; ¢) to
find out whether x causes y, that is, whether past values of x, (lagged variables, x, ) contribute to
determining y,, regardless of the contribution of past values ofyt_]., or vice versa; d) to determine if
the sets of terms of x and y are statistically different from zero in equations 1 and 2, so that there
is bidirectional causality; e) to examine whether the sets of terms x and y are not statistically di-
fferent from zero in equations 1 and 2, so that x, is independent of y,. Granger's causality test for x,
and y, allowed us to conclude on the direction of causality between market prices. After the paired
Granger test, that is, market by market, this same test was applied in addition to Wald's (1943)
exogeneity test to analyse the block effect. Therefore, it was possible to examine the causality of
the series of group markets on a specific market.

After applying the Granger (1969) causality test, the study followed with the use of Johansen's
(1988) cointegration test to try the hypothesis of equilibrium in the long-term relationship between
FO prices in Brazilian markets and of BCSAW in international markets. Johansen's cointegration
test (1988) is based on equations (3) and (4), described below:

Ay =p+1Myp g+ -+ le=—11ryt_1 + € 3)
M=3 A—1el =—3F .4 )

wherein the matrix coefficient IT is positioned as r < n, with r x n matrices (a and ), each with
rank r, so that I = aff and IT = B’yt are stationary. In this case, r refers to cointegration vectors; o
is the adjustment parameter in the error correction vector; and 3 is the representative coefficient
of the error correction vector. For a given r, the estimate of the maximum likelihood of the matrix
B indicates the combination of y, ,, which results in r greater canonical correlations between Ay,
and y_,, after correcting differences in lags and identifying deterministic variables, if found. The
significance of the likelihood ratio is estimated by the trace test, according to equation 5, below.

Atrace = —TZ]"

1=r+

In(1—4¢) (5)

wherein T refers to the sample size and A, is the element of the i-th largest canonical correla-
tion. The trace test tests the null hypothesis that the number of cointegration vectors is less than or
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equal to r versus the alternative hypothesis that the number of cointegration vectors is greater than
r. The test hypotheses consist of r = 0, there is no cointegration; and r> 1, r> 2, ..., r > n, there is
cointegration between one or more markets. The level of statistical significance for the hypothesis
test and the critical values are those proposed by Johansen and Juselius (1990).

Once the directions of causality and the conditions of equilibrium in the long-term relationship
between markets have been identified (or cointegration), the study proceeds with the analysis of
price transmission and verification of the asymmetry phenomenon, which focuses on verifying
the existence or not of the magnitude divergence of the price transfer increases or decreases be-
tween markets. Thus, to achieve the objectives of the study and answer the two central research
questions, we decided for the application of a multivariate version of the model proposed by
Houck (1977) to analyse the asymmetry in the price transmission (ATP) between the FO prices
in the Brazilian market and BCSAW prices in international markets. Houck's model (1977) was
widely used in empirical studies, among which, internationally, as references for its application,
the research of Kinnucan and Forker (1987) and Griffith and Piggott (1994) stand out. Among
the studies involving Brazilian agricultural markets, we highlight the research by Silva Neto and
Parré (2012) and Alves, Tonin and Carrer (2013) who, despite initially opting for the applications
of Griffith and Piggott (1994), for not including the quantities produced and the production costs,
the authors ended up applying a model similar to the one of Houck (1977) to verify the asymmetry
in the transmission of prices.

Because it is not a vertical analysis, i.e., it specifically involves links in a production chain
(e.g.,: producer, industry, wholesale and retail), and, also, because it is an analysis of spatial
transmission, that is, between markets (Brazilian and international), in this study, we deliberated
on a multivariate version that allowed to verify whether positive and negative price variations in
interacting markets are transmitted to the same magnitude. Thus, equation 6, below, represents the
multivariate version applied in the analysis of asymmetry in the transmission of prices between
the Brazilian FO and international BCSAW markets.

AY, = Bor + BLZAXS, + BLZAX + - + BrZAXE, + B ZAX, + & ©)

wherein:

AXF: Xy — Xe—1,if Xe > X¢—1,0 otherwise (7)

AXe: Xp = Xeop) If Xe < Xi0)0 otherwise (8)

Once the angular coefficients (Betas) of the positive and negative variations in prices in the
markets (independent variables), represented by P, were estimated, the Wald test was applied
under the hypothesis of symmetry in the price transmission (acronym, SYM), represented by
ho:By += By — or By += By —» in which case the positive or negative variations in prices in a gi-
ven statistical market are also transmitted in magnitude to another market. In the case of rejection
of the null hypothesis, the alternative hypothesis of asymmetry in price transmission (ASYM),
represented by hy:p; ++# By — or B +# Bx — , 1s not rejected, being, in this case, the positive or
negative variations in prices in a given market are statistically and differently transmitted in mag-
nitude to another market. In the case where B, +=p; —= 0or B, += B —= 0, it does not apply
(DNA), rejecting both hypotheses, since the transmission of prices between markets is discarded.
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4 RESULTS AND DISCUSSION

The presentation of the results begins with Table 3, which covers the descriptive set of measu-
res of central tendency and dispersion of the weekly series of BCSAW prices in the international
market and the main Brazilian production and commercialization markets quoted in US-dollars
per kilogram of live weight for the period of 2007-2018. In terms of the central trend, it should be
noted, at first glance, that the average prices of FO in the main Brazilian markets and of BCSAW
in the Argentine, Paraguayan and Uruguayan markets are considerably close.

Nevertheless, in the arena of central trend estimates, it is noteworthy that the highest average
price in the period was that of the US-BCSAW, which is between 29.30% to 53.66% higher than
that practiced in the Brazilian, Argentine, Paraguayan, and Uruguayan markets, and 25.10% hi-
gher than that practiced in the Australian market. This suggests that the higher average price of
the US-BCSAW is because the USA is positioned as the largest world market demanding beef.
Another important piece of information refers to the superiority of the average price of Australian
BCSAW, which was between 3.35% and 22.82%, more than that practiced in Brazilian markets
and the Argentine, Paraguayan and Uruguayan markets. However, the average prices of Uru-
guayan BCSAW and FO in the Brazilian state of Sdo Paulo (or Sdo Paulo FO) are particularly
close to the Australian market. In this context, it is worth noting that the beef from the slaughter
of Australian, Uruguayan and S@o Paulo FO beef ranks among those with the most considerable
appeal for export among the markets under study.

In the field of dispersion, it is notable that the coefficient of variation in Argentine BCSAW
prices is approximately 45% higher than that of FO in the main Brazilian markets and the prices
of BCSAW in other international markets. This finding suggests that the greater variability in the
price of Argentine BCSAW in the period is due to several factors. Among those factors the follo-
wing emerge: interventions by the Argentine federal government in the beef market that occurred,
mainly, from the year 2008; increases in export taxes; weight restrictions for slaughter; limitation
of export volumes by the Hilton quota for a specified time; and, in a short time, until the export
ban (OLIVEIRA NETO; GARCIA, 2013).

Also, when investigating the standard deviations of BCSAW prices in the international market
it was found that they are higher than the standard deviation of FO prices in Brazilian markets,
except for BCSAW in the Paraguayan market, which is at the same level as those measured for the
FO in the main Brazilian markets. When looking at the standard deviations in the prices of US,
Argentine, Australian, and Uruguayan BCSAW, it was found that these exceed, by approximately,
55%, 40%, 15% and 10% the standard deviations of prices of Brazilian FO and Paraguayan BC-
SAW, which makes their lower volatility evident when compared to the volatility of other interna-
tional markets. Still, on the dispersion of the data exposed in Table 3, the estimates of asymmetry
and kurtosis of the Brazilian FO price series suggest that they show distributional normality, whi-
ch is confirmed by the Jarque and Bera (1987) test statistics. However, the asymmetries, shortcuts,
and statistics of the Jarque-Bera test referring to the series of BCSAW prices in the international
market rejected the null hypothesis of distributional normality.
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Table 3 — Descriptive statistics of prices at slaughter age in the international market and the fat
oxen in the main Brazilian production and marketing places - quoted in US-dollar per
kilogram live weight

Mean 2952 2872 3.129 3.234 4.046 2789 3.034 2.760 2809 2.689 2926 2936 2633 2651
Maximum 4868 4340 4.155 4974 6.016 4.089 4456 4.183 4.074 3924 4182 4.032 3.794 3.846
Minimum 1258 1486 1.816 1.786 2.787 1.508 1.604 1.490 1447 1378 1.531 1.657 1239 1275

SD 0.849 0.548 0.606 0.633 0.783 0514 0561 0.513 0553 0525 0.553 0507 0.563 0.518
VC(%) 28.8% 19.1% 19.4% 19.6% 19.4% 18.4% 18.5% 18.6% 19.7% 19.5% 18.9% 17.3% 21.4% 19.5%
Asymmetry -0.639 -0.477 -0.673 0.006 0.435 -0.109 -0.010 -0.020 -0.041 -0.044 -0.209 -0.146 -0.204 -0.357
Kurtosis 1.999 3.068 2268 2499 2525 2926 2967 2879 2783 2.830 2935 2697 2689 3.170
JB stat. 68.81 23.84 6127 6.575 2565 1377 0.039 0424 1404 0953 4.655 4.618 6.867 14.09

P-value JB 0.000 0.000 0.000 0.037 0.000 0.502 0.981 0.809 0.496 0.621 0.098 0.099 0.032 0.001

Note: (BR) Brazil, (AR) Argentina, (PY) Paraguay, (UY) Uruguay, (AUS) Australia, (USA) United States of America, Brazilian states (MG
= Minas Gerais; SP = Sdo Paulo; GO = Goias; MS = Mato Grosso do Sul; MT = Mato Grosso; PR = Parana; RS = Rio Grande do Sul; RO =
Rondonia; TO = Tocantins), (SD) standard deviation, (VC%) coefficient of variation percentage, (stat.) Statistics, (JB) Jarque-Bera.

Source: Data from the survey.

So, when considering the importance of knowing the statistical relationship between prices for
decision making by agents in the beef production chain, it was decided to start this process by
analysing linear correlation. Ergo, in Table 4, there are positive linear correlations, from moderate
to strong, between FO prices in the main Brazilian commercial markets and BCSAW prices in the
Argentine, Paraguayan and Uruguayan markets, with emphasis on the strong positive association
with the Paraguayan BCSAW market. As opposed to this, positive linear correlations, from weak
to moderate, were found between FO prices in the main Brazilian markets and BCSAW prices in
the Australian and American markets. In this context, despite not being directly conditioned to
causality, the degree of linear association measured suggests the interdependence between FO
prices in the Brazilian market and BCSAW prices in the international market, which points to the
need to ascertain the relationship of transmissibility between them.

In the search for a connection with the empirical results of other studies, reference is made to
the investigation by Bender Filho and Alvim (2008), which showed the causality between prices
in the markets of Mercosur member countries and the intensity of shocks in prices between them.
Notwithstanding, due to the monthly temporariness of the data and the exclusivity of the evalu-
ation of a product category (fresh meat), the potential for decision-making information captured
in the investigation has decreased. Since the dynamics in the transmission of agricultural prices
generally presents immediate responses to impulses (daily or weekly) and should not ignore the
potential for transferring the price of the standardized product in its primary trading version, cha-
racterized as a commodity, fattened beef or beef at the point of slaughter.

Table 4 — Linear correlation between the prices of cattle at slaughter age in the international market
and the fat oxen in major Brazilian centres of production and marketing

AR 0.7061***  0.6485%**  (.6858***  (.6887***  0.6759***  0.7321***  0.7549%**  (.7072*%*%*  (.7216%**
PY 0.8411%%*  0.7936%**  0.8183***  (0.8309***  0.8186***  0.8476*** 0.8136***  (.8469***  (.8332%**
Uy 0.7319%**  0.6840%**  0.7112%**  0.7304***  0.7105%*%*  0.7627*** 0.7563***  (.7528***  (.7520%**
AUS 0.4354%**  (0.3404%**  (.3938%**  (.3875%**  (.3794%**  (0.4434%**  0.4884***  (0.4006%**  (.4345%**
USA  0.4703***  0.4299%**  0.4646***  0.4749***  0.4560***  0.5114*%*%* (0.5777*%*%*%  0.5015%**  0.4780%**

Note: (***) was statistically significant at the level of 1%. (BR) Brazil, (AR) Argentina, (PY) Paraguay, (UY) Uruguay, (AUS) Australia,
(USA) United States of America, Brazilian states (MG = Minas Gerais; SP = Sao Paulo; GO = Goias; MS = Mato Grosso do Sul; MT = Mato
Grosso; PR = Parana; RS = Rio Grande do Sul; RO = Ronddnia; TO = Tocantins).

Source: Data from the survey.
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The verification of a possible interdependence relationship between FO prices in the Brazilian
market and BCSAW prices in the international market was indicated. An attempt was made to
identify the direction of causality between markets in the short term, using the Granger (1969)
causality test paired and block, as described in section 3.2. In short, the difference between pai-
red and block Granger causality tests lies in the fact that the first analytically considers the re-
lationship between the prices of two markets and the second considers the direction of the joint
causality of two or more markets over a specific one.

Granger's (1969) causality test was applied after the selection of the optimal lags defined by
the Akaike information criterion added to the autoregressive vector modelling, as announced in
section 3.2. Akaike information criterion (AIC) statistics were estimated for the ratio of BC-
SAW prices in the Argentine (AIC = -79.3735), Paraguayan (AIC = -80.0907), Uruguayan (AIC
=-81.6169), Australian (AIC = -80.6392) and American (AIC = -81.1657), with FO prices in the
main Brazilian markets together. In this way, the AIC statistics set two optimal lags to be applied
in verifying the interdependence of BCSAW prices between each international market, in isola-
tion, compared to the set of Brazilian markets. The interdependence analysis between the markets
is composed of the Granger (1969) causality tests, shown in Tables 5 and 6, and Johansen's (1988)
cointegration tests, shown in Table 7.

In particular, the data in Table 5 show Granger's causality of BCSAW prices in the international
market directed to FO prices in the main Brazilian production and commercialization markets. By
analysing them, it was found that past changes in BCSAW prices in the international market do
not act as robust predictors of changes in Brazilian FO prices. The only exception found relates to
the causality in Granger's sense of the price of BCSAW in the Uruguayan market for the price of
FO in the Brazilian state Rio Grande do Sul, in which the variation in the price of the first acts as
a robust predictor of changes in the price of the second.

Table 5 — Granger Causality (paired and block) between the prices of cattle at slaughter age in the in-
ternational market and the fat oxen in major Brazilian centres of production and marketing

AR 0.6653ns 0.1685ns 0.8730ns 0.2160ns 0.6021ns 0.2182ns 0.8564ns 0.1236ns 0.9839ns
PY 0.3734ns 1.1717ns 0.5076ns 0.9710ns 0.8023ns 1.1511ns 1.5693ns 0.6990ns 0.9130ns
vy 1.2458ns 2.0525ns 1.0767ns 1.7542ns 1.5890ns 2.3924*%  4.2383%* 2.5060* 2.6634*
AUS 0.1636ns 0.4081ns 0.0393ns 0.4092ns 0.5241ns 0.4762ns  0.4407ns 0.3171ns 0.4044ns
USA 0.5317ns 0.5029ns 0.3156ns 0.5505ns 0.5708ns 0.5170ns  0.0207ns 0.8860ns 0.4735ns
Block 10.135ns 11.426ns 9.6820ns 10.951ns 10.951ns 12.453ns 23.122ns 11.633ns 14.515ns

Note 1: The estimated statistics to test for paired Granger causality and block are the statistic F and x2 - chi-square test, respectively. Note 2:
(ns) without statistical significance, (***,** *) was statistically significant at the level of 1%, 5%, and 10%, respectlvely Note 3: (BR) Brazil,
(AR) Argentina, (PY) Paraguay, (UY) Uruguay, (AUS) Australia, (USA) United States of Amerlca Brazilian states (MG = Minas Gerais;
SP = Sdo Paulo; GO = Goias; MS = Mato Grosso do Sul; MT = Mato Grosso; PR = Parand; RS = Rio Grande do Sul; RO = Rondonia; TO =
Tocantins).

Source: Data from the Survey.

In sequence, Table 6 shows the results of Granger's (1969) causality test, paired and in a blo-
ck in the opposite direction, that is, of FO prices in the main Brazilian markets towards BCSAW
prices in the international market. In contrast to that in Table 5, the data in Table 6 indicate that
past changes in FO prices in the main Brazilian markets act as predictors: (i) significantly robust
changes in BCSAW prices in the Paraguayan, Uruguayan and Australian markets; (ii) reasonably
robust prices for BCSAW in the US-market; and (iii) unreliable BCSAW prices in the Argentine
market. Only FO prices in Parana and Rio Grande do Sul (or Parana and Rio Grande do Sul states)
precede changes in the price of Argentine BCSAW.
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Table 6 — Granger Causality (paired and block) between the prices of the ox in major Brazilian
centres of production and marketing of cattle at slaughter age in the international market

MG 1.9927ns 25.2882%%* 7.3882%** 5.4348%** 2.8365*
SP 2.3331* 25.3097%** 8.3869%** 4.1823%* 2.7828*
GO 2.3289%* 22.8539%** 7.0146%** 6.1762%** 2.9310%*
MS 2.5726* 27.3041%*** 10.2864%** 7.8404%** 3.0205%*
MT 2.5537* 19.5549%** 9.3998%#** 6.7947%** 2.3196%*
PR 3.1032%* 28.2628%*** 9.6532%** 6.5754%%% 3.1971%*
RS 3.1520%* 23.4174%** 22.0935%** 4.4939%* 3.3483%*
RO 2.1841ns 19.4593 % 7.4315%** 7.1607%** 2.6247*
TO 2.6376* 20.6996%** 8.5951%** 4.0888%*** 2.9348*
Block 20.5332ns 90.6822%** 69.7300%** 36.6162%** 25.8895%*

Note 1: The statistics estimated to test for paired Granger causality and block are the statistic F and x? - chi-square test, respectively. Note 2:
(ns) without statistical significance, (***,** *) was statistically significant at the level of 1%, 5%, and 10%, respectively. Note 3: (BR) Brazil,
(AR) Argentina, (PY) Paraguay, (UY) Uruguay, (AUS) Australia, (USA) United States of America, Brazilian states (MG = Minas Gerais;

SP = Sao Paulo; GO = Goias; MS = Mato Grosso do Sul; MT = Mato Grosso; PR = Parana; RS = Rio Grande do Sul; RO = Rondoénia; TO =
Tocantins).

Source: Data from the Survey.

After Granger's causality test had indicated the direction and forecast capacity in the short term
between the prices of BCSAW in international markets and FO in Brazilian markets, the study
related to interdependence followed with the analysis of long-term equilibrium relationship be-
tween prices in these markets through the application of the Johansen (1988) cointegration test.
The results are shown in Table 7.

In highlight, the data in Table 7 point to the existence of, at least, eight vectors of cointegration
between BCSAW prices in the Paraguayan and Uruguayan markets and FO prices in Brazilian
markets, which suggests a balanced long-term relationship between these markets, indicating that
they are tightly integrated. The estimates of the trace test of the relationship between BCSAW
prices in the Australian and American markets with FO prices in Brazilian markets point to the
non-rejection of the hypothesis that there are at least five cointegration vectors between these
markets. This suggests a balanced long-term relationship between the Australian and American
markets with at least five Brazilian markets, showing a moderate integration between prices in
these markets.

Another relevant information contained in the cointegration tests presented in Table 7 refers
to the finding of a low integration between the price of BCSAW in the Argentine market and
the prices of FO in Brazilian markets. However, it is worth noting that the hypothesis of at least
four vectors of cointegration in this relationship was not rejected, which suggests the long-term
balanced relationship of the Argentine market with at least four Brazilian markets, but this result
denotes the inferiority in integration between prices in these markets.

The knowledge of the interdependent relationship between FO prices in the main Brazilian
markets and BCSAW in the international market supported by the reach of information on the di-
rection of causality and predictive aptitude obtained through the paired and block Granger (1969)
causality test, as well as the data on the balance of the long-term relationship between the markets
obtained through Johansen's (1988) cointegration test, are all essential to answer the first research
question. Also, this information prepared the field for verifying the asymmetry in the transmission
of prices between Brazilian and international markets. Hence, the data in Table 8 are analysed to
answer the second and third research questions and reach the completion of the main and specific
objectives proposed in this study. In general, the data in Table 8 corroborate the existence of price
transmission between the Brazilian and international markets. This is because several estimated
coefficients related to the accumulation of negative and positive variations in FO prices in Brazi-
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lian markets have shown themselves to be statistically significant transmitters of BCSAW prices
in international markets.

Table 7 — Test trace for verification of cointegration between prices of cattle at slaughter age in the
international market and the ox in major Brazilian centres of production and marketing

R=0 239.2354 325.1198%#* 337.0370%** 322.9399%** 344.8892%** 331.8145%**
R<1 197.3709 248.7550%*** 258.1481%*** 244.6434%** 262.0626%** 252.77855%**
159.5297 185.4117%%* 199.6806%** 183.0467%** 194.3547%** 192.5122%**
125.6154 134.9981** 155.2606%** 142.2901*** 139.1968*** 134.8547**
95.7537 94.9411 113.0617%** 108.7874%** 98.6183** 96.5200**
69.8189 68.8191 78.0216%** 77.2756** 67.9822 68.3845

47.8561 46.5493 52.8098%* 52.2387** 45.5594 44.407

29.7971 30.1073 32.0876** 32.6683%* 259159 27.9975

15.4947 17.2619 19.8938%** 19.5571%* 12.9724 15.1523

=9 3.8415 5.863 7.9423 7.3254 1.7588 6.092

Note: (VC-value) critical value of the test trace, (ns) without statistical significance, (***,** *) was statistically significant at the level of 1%
and 5%, respectively.

Source: Data from the Survey.

In this context, the transfer of prices from the Brazilian to the Uruguayan market is prominent,
since completeness was identified in the transmission between them and symmetry in the trans-
mission between FO prices in Minas Gerais, Sao Paulo, Goias, Mato Grosso do Sul and Ronddnia
for the Uruguayan BCSAW market. That is, the increases and falls in prices in these places are
transmitted in the same magnitude. FO prices in Sdo Paulo, Mato Grosso do Sul and Goids were
those that presented the highest transferability coefficients for BCSAW prices in the Uruguayan
market during the period under study. FO prices in Parand, Rio Grande do Sul, Mato Grosso and
Rondoénia are transmitted asymmetrically to the Uruguayan BCSAW market. To put it another
way, the transfer via fall and increase in the FO prices of these places to the price of Uruguayan
BCSAW differs in magnitude.

In addition to the Uruguayan market, there was also a significant transmission of FO prices in
the Brazilian market to the BCSAW price in the Australian market, but all this transfer occurs with
asymmetry, that is, falls and increases in prices are transmitted with differences in magnitude. It
was also found that the variation in the price of FO in the state of S3o Paulo is the one that presents
the greatest transfer intensity for the price of BCSAW in the Australian market. When evidencing
that the price of S@o Paulo's FO is the one with the greatest interdependent relationship with the
prices of Uruguayan and Australian BCSAW, it is suggested that, in part, this may be explained
by the fact that the beef from these three markets is positioned among the greater market or export
reach in the period under study.

It is also noted that the variations in the FO prices of six Brazilian markets are transferred
to the prices of the Paraguayan BCSAW, but only the falls and increases in the prices of FO in
Mato Grosso do Sul are symmetrically transmitted. This suggests that the geographical proximity
and the fact that the border area of Mato Grosso do Sul is the largest among the states of Brazil
bordering Paraguay, added to the proximity of production characteristics, to their positioning as
important beef exporters for common markets and the presence of refrigeration industries active
in both markets. This contributes to the fact that the falls and increases in prices of FO in Mato
Grosso do Sul are similarly transmitted to the prices of Paraguayan BCSAW. On the contrary, the
falls and increases in FO prices in Minas Gerais, Sdo Paulo, Goias, Parand, and Tocantins are
asymmetrically transmitted to Paraguayan BCSAW prices. Also, it is important to note that FO
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prices in Sdo Paulo and Mato Grosso do Sul were those that presented the highest transferability
coefficients for BCSAW prices in the Paraguayan market in the period under study.

As in the relationship between the Brazilian and Paraguayan markets, it was found that va-
riations in the FO prices of six Brazilian markets are transferred to the prices of the Argentine
BCSAW. Ergo, there was symmetry in the transmission between FO prices practiced in Goias,
Rondonia, and Tocantins to the Argentine BCSAW market, that is, the increases and falls in prices
in these places are transmitted in the same magnitude. From another perspective, positive and
negative variations in FO prices in Minas Gerais, Sdo Paulo, and Rio Grande do Sul are asymme-
trically transmitted to Argentine BCSAW prices, with increases in FO prices in Minas Gerais and
Sao Paulo and declines in the price of FO in Rio Grande do Sul, presenting a greater magnitude
of transfer to BCSAW prices in the Argentine market than in contrary situations.

When checking the transmission coefficients of FO prices in Brazilian markets for the price of
BCSAW in the US-market, it was noted that these coefficients are those with the lowest transfer
levels compared to the estimated coefficients for other international markets. Nevertheless, the
US-BCSAW market presented itself as a receiver of price variations in eight Brazilian markets,
more precisely, Minas Gerais, Sdo Paulo, Goias, Mato Grosso, Parana, Rio Grande do Sul, Ron-
donia, and Tocantins, with variations of the FO market in the state of Parana being the only one
to transmit prices with symmetry.

Also, it was noted that falls in prices in Minas Gerais, Rio Grande do Sul, Rondénia and Tocan-
tins are transmitted with greater magnitude than highs. In contrast, increases in prices in Sao Paulo,
Goias, and Mato Grosso are transmitted with greater magnitude than falls. An important aspect in
the relationship between the Brazilian FO and the American BCSAW markets is that the transmis-
sion of prices from the FO of Minas Gerais and Rio Grande do Sul to the price of the American
BCSAW occurs exclusively via price increases, while the transmission of FO prices in Sdo Paulo
and Goias to the US-BCSAW price comes only from declining prices. In this universe, it is worth
noting that Sao Paulo is the largest Brazilian beef exporter square, both fresh and industrialized.

Table 8 — Asymmetry in price transmission between the markets of fat oxen in major Brazilian
centres of production and marketing and international markets for cattle at slaughter age

3.6160 1.2660 0.7220 0.9500 0.8250
MG _ [7771%%* 77144  [4391%*" 512643  [233]""* 11055  [3.891""* 34913  [3.351""*  1.0286
B 52110 ASYM -1.2800 ASYM 1.1240 SYM 0.3870 ASYM 0.5170 ASYM
[9.84] % [-3.90]%** [3.18] [1.39]ns [1.84]ns
. -1.6660 -1.6400 -2.6040 -2.5240 -0.0240
sp [-3.531%**% 454752 [-5.621** 94384  [-8291"** 02316  [-10201"** 75749 [-0.09]ns 12,8667
- -5.2720 ASYM -0.6230 ASYM 24320 SYM -1.7510 ASYM -1.0390 ASYM
[-14.17] [-2.70] %% [-9.82]*** [-8.96]** [-5.27]%**
. -1.8530 -0.6290 -1.5590 -0.8170 -0.2630
co [-4.34]7%% 29762  [-2.387** 11,0707 [-5481*** 03071  [-3.64"** 73164  [-1.16]ns 184547
B -1.3080 SYM 0.0220 ASYM -14420 SYM -0.3690 ASYM 04550 ASYM
[-3.70]*#* [0.10]ns [-6.13] %% [-1.99]%* [2.43]%*
. 0.0060 1.1440 2.5930 1.2000 -0.2400
MS [0.01]ns TR [3.291***  0.6717  [6.93]*** 18190  [407]*** 167216  [-0.80]ns o
0.1160 14340 SYM 2.0810 SYM -0.0240 ASYM -0.0360
[0.25]ns [4.98]% [6.73]%% [-0.09]ns [-0.14]ns
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5 -0.2250 0.5210 1.5900 0.3490 -0.2500
MT [-0.48]ns DNA [1.82]ns [5.18]%** 35 7598 [144]ns 11604  [-1.02]ns  19227]
- 0.8040 0.1220 -0.5190 ASYM 0.6510 ASYM 0.9890 ASYM
[1.92]ns [0.47]ns [-1.86]ns [2.96] %+ [4.46]%%
N -0.0800 0.7430 0.2380 2.4160 -0.7370
PR [-0.17]ns DNA [2.617%* 63200 [0.77Ins  g.8444  [10.011*** 445764 [-3.02]*** 03705
0.8230 1.6730 ASYM 1.4210 ASYM 03210 ASYM 209290 SYM
B [1.95]ns [6.39]%* [5.05]* [1.44]ns [-4.15]%%*
5 1.2060 -0.0490 0.4410 0.0220 0.8540
RS [6.93]*** 14955  [-0.45]ns DNA [3.80]%** 75138 [0.24]ns 209852  [9:27]*** 782389
- 03940 ASYM -0.1640 0.0580 ASYM 0.5270 ASYM -0.1290 ASYM
[2.86]*** [-1.92]ns [0.63]ns [7.29]%%* [-1.77]ns
N -1.5280 -0.3940 -1.3000 -1.1420 1.0080
RO [-4.24]%* 00209  [-1.76]ns DNA [-5.42]%%% 8812  [-6.04]*** 36087  [5.291"** 467968
- -1.5950 SYM -0.1080 -1.0100 SYM -0.6740 ASYM -0.6710 ASYM
[-4.37]%% [-0.47]ns [-4.16]*** [-3.52]%** [-3.47]**
N 1.2150 -0.1770 0.4390 0.1660 -1.1410
0 [4.28]*%* 06872  [-1.00Ins 03076 [2.32]** 153918 [I.11Ins 65921  [-7.601*** 134,620
- 14790 SYM 202870 ASYM 12740 ASYM 15280 ASYM 0.8220 ASYM
[6.54]%% [-2.05]%* [8.46]%%* [12.88]%%* [6.87]%%*
0.0280 0.0060 0.0100 0.0140 0.0240
Constant - - - - -
[2.44] [0.82] [1.28] [2.27] [3.86]

Statistics of the regression models

R2 0.8834 0.8702 0.8702 0.9116 0.8986
R2Set 0.8799 0.8664 0.8664 0.9090 0.8956
F-Stat. 255.3673*** 226.1221%** 226.1221*** 347.9627%** 298.8293%**

Diagnosis of residues from the regression

ADF test -6.3475%** -6.6365%** -5.0989%** -6.6508%*** -5.6183%**
IB Test 0.0580ns 43.6302%** 23.6343%%* 19.0372%*x* 18.6751%**
F 1045.8256%** 1040.0796*** 1760.5050*** 951.0012%** 2071.2611%**
LM Stat.
X2 485.5554%** 484.9544%xx* 534.2091%** 474.9311%** 546.2258%**
l;;at 775.6455%** 592.9761%** 088.4657*** 777.9621%** 2001.3940%**
ARCH
X2 346.6057%** 304.7840%** 383.3721%** 347.0660%*** 476.6324%**

Note: (B-) accumulated negative variations in prices in the certain market (+) cumulated positive variations in prices in the certain market
(SYM) symmetry in price transmission, (ASYM) asymmetry in price transmission, (DNA) does not apply the test of asymmetry in price
transmission, (T-Stat.) T statistics, (F-Stat.) F statistics, (x2) Chi-square statistics, (ADF) test of unit root increased from Dickey and Fuller,
(JB) Jarque-Bera, (LM) LM test for detecting serial autocorrelation, (ARCH) autoregressive conditional heteroscedasticity test to verify the
hypothesis of heteroscedasticity of the residues from the regression, (ns) without statistical significance, (***,** *) was statistically signifi-
cant at the level of 1%, 5%, and 10%, respectively.

Source: Data from the survey.

After presenting the data from the regression models in Table 8, including a discussion of the
estimated coefficients and the results of the asymmetry tests on price transmission between the
Brazilian FO and international BCSAW markets, predictive capacity and robustness were assessed
on the models based on the adjusted R2 determination coefficient and the residual diagnosis of
the regression analysis. Regarding the predictive capacity of the models, it is noteworthy that the
adjusted R2 determination coefficients of the regression models were estimated at approximately
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0.90, in other words, the set of positive and negative variations in FO prices in Brazilian markets
they can explain around 90% of the variations in the prices of BCSAW in international markets.

As for the diagnosis of the residuals of the regression models, it is important to highlight that
these were analysed to cover the assumptions of stationarity, normality, homoscedasticity, inde-
pendence of errors and linearity. Therefore, we opted for the increased tests of Dickey and Fuller
(1981), Jarque and Bera (1987), LM for detecting serial autocorrelation and autoregressive con-
ditional heteroscedasticity (ARCH). In short, the results adequately met the assumptions of the
regression, except for the normality of the residuals of the regression model, whose BCSAW price
in the Argentine market is the dependent variable. Also, several angular coefficients (Betas) of this
model were significantly different from the coefficients of the other regression models. However,
because the other assumptions of this model have been satisfactorily met, the normality of the
residue does not categorically attack its predictive capacity and robustness.

9 FINAL REMARKS

Given the main objective of verifying the interdependence and asymmetry in the transmission
of prices between the main Brazilian FO and international BCSAW markets, the research results
allow us to conclude that there is an interdependent relationship between FO prices in the Brazi-
lian market and the prices of BCSAW in international markets. However, the direction of causality
between them is significant only from FO prices in the main Brazilian markets to BCSAW prices
in international markets. The only exception concerns change in the price of BCSAW in the Uru-
guayan market, which acts as a potential predictor of changes in the price of FO in the state of Rio
Grande do Sul.

As for the transmission of prices between markets, the findings showed that there is price
transmission between Brazilian and international markets, since the estimated angular coefficients
on the negative and positive variations in FO prices in Brazilian markets, and their respective
statistics, highlighted that these coefficients act as statistically significant transmitters of BCSAW
prices in international markets.

When investigating whether the positive and negative variations in the prices of interacting
markets are symmetrically transmitted (i.e., the same magnitude), it was concluded that only the
transfer of the FO price in Brazilian markets to the BCSAW price in the Uruguayan market is com-
plete and symmetrical for most Brazilian markets, which suggests a strong integration between
these markets. Also, the asymmetry tests pointed to a significant integration between the prices
of Brazilian FO and those of Australian and Paraguayan BCSAW, however with asymmetry in the
transmission of prices in most cases. In contrast, FO price transfers in Brazilian markets to Ar-
gentine and US BCSAW prices showed a lower level of integration between these markets, which
is corroborated by the greater asymmetry in transmission and by the more discrepant coefficients
when compared to other analysis models.

With regards to the specific objective of investigating the question of dominance in the trans-
mission of FO prices in the Brazilian market to the prices of BCSAW in international markets, an
exclusive dominance was not identified, but rather a joint prevalence in the transmission of FO
prices in Sdo Paulo and Minas Gerais, in the Southeast region, and Mato Grosso do Sul and Goias,
in the Mid-west region, for BCSAW prices in international markets, with symmetry in a large part
of transfers between markets. Also, it was concluded that the other Brazilian markets also act as
price transmitters for the international market, but with a lower magnitude of transfer, as could be
seen in the values of the estimated angular coefficients and, also, by the evident asymmetry in the
transmission of prices between markets, with rare exceptions.

It is expected that the analysis and conclusions of the study can contribute to decision-making
about the link agents in the beef and/or beef production chain, making price and risk management
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more effective. Furthermore, it is suggested that future studies also analyse the interdependence
and asymmetry in the transmission of prices between other agricultural and non-agricultural com-
modity markets, since the information from these studies can contribute to the improvement of
price management in several chains productive sectors and respective economic sectors. Also, it
opens the way for future research to use other methods of analysis, which will allow comparisons
not only with the results of this study but will also offer the possibility of expanding the field of
appreciation, contributing to scientific advancement and decision making in price management
and the definition of marketing strategies.
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