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The Impacts of Foot and Mouth Disease Outbreaks otihe Brazilian Meat Market

Abstract

This study uses unrestricted vector autoregresaethod and historical
decomposition with directed acyclic graphs to gitgptihe impacts of the foot and mouth
disease outbreak on the Brazilian meat marketiftardnt levels of the industry (export,
wholesale and farm). The imposition of an import by Russia on Brazilian meat
exports is also analyzed. Results show that beek, pnd chicken export prices all
decreased after the FMD outbreak. More importawotly,findings indicate that all prices
ended up recovering after the removal of the impart by Russia in December 2007. As
for the price margins in both beef and pork megapsuchains, the export-to-farm and
export-to-wholesale margins were found to be vérgeto each other. On the other
hand, the chicken price margin at the export legkitive to the farm and wholesale
levels had opposing directions trend movementsallirthe historical decomposition of
analysis of the export beef price revealed thaténgoval of the Russian ban on
Brazilian meat imports had a very drastic positnfience on the beef industry supply
chain in general.
Keywords: foot and mouth disease, Brazilian meat marketioreutoregression model,
historical decomposition, directed acyclic graphs.
1. Introduction

In Brazil, foot and mouth disease (FMD) outbreastgehbeen present in the meat
industry for more than one century. In 1895, tingt ffMD outbreak was reported and,
since then, Brazilian authorities have struggledaotain this disease, which was

considered endemic until the 1970’s. In the mi8a9, Brazilian livestock producers



invested in both more sophisticated production meghand animal vaccination with the
purpose of eradicating FMD (Lima et al, 2005). c8ii998, the Brazilian government
has actively implemented efforts to eradicate FM®the Programa Nacional de
Erradicagcédo da Febre Aftosa (PNEFA). The main paemd this program was to
eradicate the disease by the end of 2005 withntipdementation of the Brazilian System
of Identification and Certification of Origin foraitle (SISBOV), which is tracks and
documents all animals (Haley, 2005).

As the number of FMD outbreaks decreased partlytatiee program mentioned
above, the Brazilian government decided to folloe $anitary and phytosanitary
guidelines of the World Organization for Animal HiegOIE) and World Trade
Organization (WTO) by dividing its territory into/é regional markets with the purpose
of managing sanitary controls more efficiently. &yreeing with the guidelines and
regionalizing its livestock, the competitivenesBoézilian meat improved significantly
in the world meat trade. In 2000, Brazil becameftheth largest beef and pork exporter
and the second largest chicken exporter. Five yates Brazil became the largest world
beef and chicken exporter and, although stayebeafotirth largest exporter of pork
meat, more than quadrupled its pork exports. Ctlgrethe Brazilian meat export
industry has kept the same positions as beforeamankings of the top meat suppliers in
the global market (USDAa, 2011).

However, Brazilian meats are still affected by FMitbreaks. In the last ten
years, two major FMD outbreaks occurred in Braltile most detrimental and recent
outbreak occurred in September, 2005. AccordingedOIE (2006), the FMD outbreak

took place initially in the state of Mato Grosso$al. Three months later, an outbreak



was spotted in the neighboring state of Paranaafheuncement of the FMD outbreak
had negative impacts on Brazilian meat exportss@&afly for beef and pork. Several
beef and pork importing countries initiated an imgman, including Russtathe number
one importer of Brazilian meat. The Russian impair originally was only on meat
originating from the infected states of Mato GrodsdSul and Parana. Eventually, the
Russian authorities expanded the ban to the stdiefh were contiguous to the infected
states. This expansion of the import ban accouiateeight meat producing states in
Brazil. After the destruction of 33,741 FMD-susablat animals (32,549 cattle, 566 pigs,
626 sheep and goats) (OIE, 2006) and several raafmdgetings between Brazilian and
Russian authorities, the import ban was lifted ac@€nber 2007, 28 months after the
FMD outbreak occurred.

As a consequence, the FMD outbreaks caused imnugicsetainty and economic
damage to the Brazilian meet industry, particuléolyexports. One to two months after
the import ban by Russia and other countries, Baswzbeef exports decreased from 93.8
thousand tons in September 2005 to 66.1 thousarsdriiddecember 2005 (a decrease of
30 percent) (Figure 1). Furthermore, accordintneoSECEX (2011) database, Brazilian
beef exports to Russia decreased from 21.3 thousasdn September 2005 to 12.5

thousand tons in December 2005 (down 41 percent).

! According to the Secretaria de Comércio Exte@ECEX, 2011), for the last ten years, the Russian
market is a major destination of Brazilian meataig representing 40 percent of Brazilian totafbe
exports.



Figure 1. Monthly exports of Brazilian beef at tregtional level and for the states of Sao
Paulo (SP) and Mato Grosso do Sul (MS) (Januarg-Zécember 2009)
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Source: compiled from SECEX (2011)

f the FMD outbreak (September,

The purpose of this study is to analyze the impatttee FMD outbreak on the
Brazilian meat market for different levels of tmelustry (export, wholesale and farm).
The imposition of an import ban by Russia on Bramimeat exports is also investigated.
We employ time series methods, mainly using ansinoted vector autoregression
(VAR) model and historical decomposition of priomovations, accompanied by
directed acyclic graphs (DAGSs). This approach gtiastthe impacts of the 2005 FMD
outbreak in Brazil on prices of different meat tyf{beef, pork, and chicken) at different
levels of the marketing channel (export, wholesaiel farm levels), price margin along
the supply chain, and price interdependence irsyseem.

This work is an important contribution to the fa&ure of animal disease impacts
on meat markets for the following reasons: (i) weuwtaneously investigate the impacts
of animal disease outbreaks on export price leagMvell as domestic price levels

(wholesale and farm) and (ii) to our knowledgeyé¢hs no study that analyzes the



Brazilian meat market to this detailed extent. Btigly fills these gaps and provides
evidences from a major player in the global medustry and trade.

The following section presents a brief literattegeiew on animal disease
outbreaks on different types of meat markets. Ehisllowed by a discussion of the
method of analysis, data section, empirical resatigl conclusions.

2. Literature Review

Several studies have analyzed the impacts of ardisehse outbreaks and their
effects on the livestock sector for different coies. Burton and Young (1996) measured
the impacts of the bovine spongiform encephalop@&8E) on the British domestic beef
market. Their findings indicated the BSE outbreadktio significant negative impacts for
the beef industry in Great Britain. Piggott and Btaf2004) estimated the impacts of
publicized food safety information (media index staction) on meat demand for the
U.S. Their results indicated that major food scamdsiced large demand responses, but
these responses were rapidly dampened. Park 20@8) quantified the impacts of
domestic and overseas animal disease crises dfotean meat market. Their findings
concluded that the Korean market recovered afteraxmately one year for different
animal diseases and the impacts were somewhatetiffacross different levels of the
supply chain.

Most recently, Attavanich et al (2011) estimateel impacts of media coverage
related to the HIN1 (swine flu) on the U.S. meat selated product prices, and
guantified the revenue losses across the meatedeteéd markets. Their findings indicate
that the media coverage was associated with afisigmnti but momentary negative impact

on the nearby lean hog futures price. An importamtribution of their work was to



analyze the trade bans imposed by several coundrigsS. pork meat. Their estimates
showed that the trade ban negatively affected tink ipdustry.

Regarding animal disease outbreaks and the impadtse Brazilian meat
industry, there are few studies in the literatdi@xeira and Maia (2008) used Box-
Jenkins time series method to estimate the impddtse 2004 FMD outbreak on the live
cattle farm price. Their findings indicate that fie&D outbreak caused a structural break
in the live cattle farm price series. The authaggest that the import ban by Russia on
Brazilian meat exports (originated from the stateAmazonas and Pard) due to the
outbreak possibly triggered the structural breakkOet al (2009) analyzed the impacts
of the FMD outbreaks in 2004 and 2005 on the pradatility of two series of farm pork
prices: national price and the state of Santa @atarice. The authors employed the
Generalized Autoregressive Conditional Heteroskisrigs(GARCH) models to perform
their analysis. Their findings were that the FMDhbyaaks caused high pork price
volatility for both series.

3. Methods of analysis

To quantify and identify the potential impactsHdID outbreaks on the Brazilian
meat industry, time series methods, mainly VAR,earployed as well as historical
decomposition of price innovations. The most im@otricontribution of the VAR method
is to allow a comparison between the actual pheg is affected by the FMD outbreak
and the forecasted price that uses only informdifore the outbreak occurred. The
comparison allow us to quantify the impacts on npeiges in different manners: (i) price
levels for different types of meat and (ii) pricamgins along the supply chain (i.e.

export, wholesale, and farm levels). The histdmigeomposition of price innovations is



utilized to identify the dynamic interdependencéwi meat prices for different levels
along the supply chain and to measure the partioipaf each price series on the net
change of a certain meat price following the FMDboeak.

3.1. Vector Autoregression Model

The empirical method used in this study to analyzet of interrelated variables
is a VAR model. An unrestricted VAR model witHdgs ofM variables is written:
Xe=Yra; X +y+ e (t=1,..T) (1)
where Xis a (M x 1) vector of series at tintgo; is a (M x M) matrix of coefficients
relating series changes at laggeeriod to current changes in seriggs a M x 1)
vector of constants, arglis a (M x 1) vector of independent and identically disttézl
(i.i.d.) innovations (error terms). Equation (1dlicates that each of tié variables is a
function ofn lags of allM variables, including itself, a constant and a pmegeovation
term. If some series in the set of evaluated viagabre nonstationary and cointegrated,
the error correction model, developed by Johandemansen, 1988), has to be utilized to
study both short-run discrepancies and long-ruriliegum. However, for simplicity
reasons, the method to be utilized in this studiiesVAR time series technique.

To determine the optimal lag length of the VARresgntation, we use two
different loss metrics methods: (i) the Schwarzlosterion (SIC) and (ii) the Hannan
and Quinn® (HQ). The first optimal lag length search criteégargued to be inefficient
in the sense that it has a tendency to over-penatigitional regressors in contrast to
other metrics (Geweke and Meese, 1981). TheretloeellQ loss metric criteria is also

performed to determine the optimal length of theR/#&presentation. Further, Hannan



and Quinn (1979) suggest that the HQ informatiateica outperforms the SIC by giving
more consistent results in large samples.
3.2. Historical Decomposition

The dynamic response coefficients of a VAR aradlift to interpret (Sims,
1980; Swanson and Granger, 1997). Instead, thendgraice relationship can be best
summarized through the historical decompositiomilarly to previous studies (Yang
and Bessler, 2008; Park et al, 2008; Attanavicd,e2011), the historical decomposition
method is applied to investigate abnormal markeh&s/from the unanticipated
exogenous (demand or supply) shocks. The histat@madmposition is derived from the
moving average representation of equation (1), evtteg vector Xis written as a
function of the infinite sum of past innovations
Xe = XiZoHi & (2

where H is aMxM matrix of moving average parameters which map hesb
innovations at lag i into the current position loé tvector X. In other words,gHnatrix
represents the contemporaneous causal patternedretwthogonal innovatiors Since
e estimated from the VAR may exhibit off-orthogonadntemporaneous correlations,
we need to transform to orthogonal price innovations;), such that
g =Ae 3)

The most used method to account for the orthogomes innovations is the
Choleski factorization. However, the Choleski faiztation is recursive in its nature and
may not reflect the “true” causal patterns amosgteof contemporaneous innovations
(Yang and Bessler, 2008). Therefore, this studizas the Bernanke structural

factorization (Bernanke, 1986) based on the dickatgclic graphs (DAGSs) which has



been used in previous studies (Yu et al, 2007; YartyBessler, 2008; Park et al, 2008;
Attavanich et al, 2011) and will be discussed mnlext section.

Based on the orthoganized price innovations géeeiay the DAG method,
equation (2) can be written in terms of orthogaghimanovations as
Xe = Xi20 G v (4)
where the matrix gis not diagonal, but summarizes the causal paittern
contemporaneous time between innovations in edch peries.

From equation (4), we can estimate the histopealition of the vector X at any
date T+i into information available at time t=T anébrmation which is revealed at
period t=T+1,T+2,...,T+i. Specifically, we can writge vector X at period T+i as
Xevi = Zg;%) Gs Vryios + [Xsei Gs Vryizs] (5)

where the first part of equation (5) is the diffeze between the actual price and
the base projection which is the second part. Hse Iprojection utilizes information
available up to time period T. Through the partitibistorical decomposition allows us
to examine the behavior of each price series im#ighborhood of historical events
(FMD outbreaks) and to infer how much each inn@rationtributes to the unexpected
variation of Xui.

3.3. Directed Acyclic Graphs (DAG)

The DAG methodology uses algorithms of inductigesation to best represent
the causal flows among variables that have beegestigd by prior study or related
theory. Causal relationships are represented am@eag of variables using an arrow

graph or picture. Arrows are a representation efdinection of the causation between
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variables. No arrows or sequence of arrows isnadtbto represent a direct information
flow from one variable back to itself.

There are many search algorithms in the machimailegliterature which try to
represent the causation between variables. Sgitt@s(2000) developed the PC
algorithm which has structures and outputs forreriee on DAGs based on
observational data. A short description of the Rfor&ghm is as follow: by using the
notion of sepset, one starts with forming a congpletdirected graph G on the vertex set
V2. The full undirected graph shows an undirectecedsigfween every variable of the
system (every variable in the vertex set V). Edggsveen variables are removed
successively based on zero unconditional correlairazero partial correlation. Then,
Fisher's z statistic is used to test whether comalitl correlations are significantly
different from zero. The conditioning variable(s) ®moved edges between two
variables is defined as the sepset of the variatbhexse edges have been removed (for
disappearing zero order conditioning informatioif)e remaining edges are then directed
by considering triples X—Y—Z, such that X and Y adgacent as are Y and Z, but X and
Z are not adjacent. Direct the (remaining) edgéwéen triples X-Y-Zas X Y «— Z
if Y is not in the sepset of X and Z. Furthermofé& — Y, Y and Z are adjacent, X and
Z are not adjacent, and there is no arrowhead #ier, Y—Z should be positioned as Y
— Z. Finally, if there is a directed path from XYopand an edge between X and Y, then
X=Y should be positioned as>* Y. Please see Spirtes et al (2000) for more in&bion
on the PC algorithm. The software TETRAD IV hasgrammed the PC algorithm as
well as others machine learning algorithms (Spietesl., 2005). This work utilized

TETRAD IV to conduct DAG analysis.

2 This part of the DAG explanation was based on Bessid Akleman (1998).
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4. Data

The data used in this work are monthly Braziliagatprices of beef, pork, and
chicken at the export, wholesale, and farm lewamfJanuary 1996 to February 2011.
All price series at the wholesale and farm leveéspovided by the Instituto de
Economia Agricola (IEL, 2011) and they represeitegpquotes from farmers located in
different producing regions within the state of $&ulo. In the original dataset, the farm
level prices for beef, pork, and chicken are lim@reals of slaughter weight. Both the
beef and pork prices were transformed to R$/kgditiging the value of the animal by
the common unit of 15 kgs. There was no need tstoam the farm chicken prices since
they were in R$/kgs. The wholesale price for chicigethe equivalent to the fresh
chicken and was in R$/kgs. As for the wholesaléd poices, quotes were in half carcass
and was also in R$/kgs. The wholesale beef priae @iso in R$/kg and was assumed
to be equal to the part of the animal which hastlst value: the hindquarter (rear
portion).

Export price data are from the Secretaria de Comé&ixterior (SECEX, 2011)
and is in U.S. dollars. Therefore, the nominal exxje rate of the R$ to the U.S. dollar
was calculated using data available from USDA (3201t is important to mention that
the export price was calculated as a proxy fromutiievalue of the Brazilian exports
(total value of exports divided by the quantityheldata were transformed into
logarithmic form to reduce the magnitude of thaatesns without changing the overall
appearance and characteristics of the data.

The descriptive statistics for these nine priageeseare presented in Table 1. The

highest meat price is found in the beef market wiport price having the greatest mean
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(R$5.47/kg). As expected, the mean of the expaceprfor all the analyzed meats was
greater than the both wholesale and farm prices.|dilgest standard deviation was found
in the wholesale beef price (R$1.53/kg) and loviesihe farm chicken price (R$0.39/kg).

Table 1. Descriptive Statistics on Brazilian Medat®s in Different Levels of the
Industry, Monthly Data: January 1996—February 2011

Series Mean SD Minimum  Maximum

Chicken (R$/kg)

Farm 1.21 0.39 0.58 2.07

Wholesale 1.74 0.55 0.96 3.09

Export 2.40 0.65 1.27 412
Pork

Farm 2.36 0.88 0.98 4.42

Wholesale 2.96 1.04 1.23 5.44

Export 3.64 1.06 2.02 7.04
Beef

Farm 3.41 1.39 1.40 7.28

Wholesale 4.05 1.53 2.07 8.80

Export 5.47 1.16 3.31 9.60

Nine monthly price series are plotted in Figurd@Re export chicken prices are
shown to increase the gap with respect to the vglatdeand farm prices after the
beginning of 2001 until the end of 2006. On theeotimand, the beef export prices seem
to reduce the gap with respect to the wholesaleama prices, especially after the end
of 2005. The gap between the different levels efgbrk supply chain seems to be very
narrow along the entire period of the data sefe®rall, with the exception of the farm
chicken prices series, all series seem to havedestaipward trend especially after the

beginning of 2007.
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Figure 2. Monthly prices of Brazilian beef, porkdachicken at the farm, wholesale, and
export levels (January 1996—-December 2011).
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5. Empirical results

We first determine the optimal lag length for threrestricted VAR representation
in Equation (1). Table 2 lists the outcome of Salawaand Hannan and Quinn loss metrics
on various lag lengths, with and without monthlggsonal) dummy variables, associated
with fit unrestricted VAR on the 9 logged priceisser The measures in Table 2
summarize fit on the 9 different models. Half of tinodels incorporate 11 seasonal
variables, with the remaining half having no seasoariables. Both groups of models
use a constant with zero through 12 lags (we apdlyp to 12 lags but only reported
results on up to 6 lags in Table 2). The model whthlowest Schwarz and Hannan and
Quinn loss metrics had no seasonal variables, staot) and prices lagged a single time

14



period.

Table 2. Loss Metrics on the Order of Lags (k) iregels Vector Autoregression on Log
Prices for theBrazilian Livestock and Meatnd 11 Seasonal Dummy Variables, Monthly
Data: January 1996 —February 2011

Lags = k Schwarz-loss Hannan and Quind®'s
Constant, k lags of Prices and No Seasonals

1 -53.61* -54 .55*

2 -52.35 -54.14

3 -50.69 -53.33

4 -48.89 -52.39

5 -47.16 -51.53

6 -45.50 -50.75
Constant, k lags of Prices and 11 Seasonals

1 -52.41 -54.45

2 -50.93 -53.84

3 -49.29 -53.08

4 -47.56 -52.23

5 -45.90 -51.45

6 -44.33 -50.76

Notes: The models considered are vector autoragressf the logarithms of the nine
meat prices with lags of O (no lags) through 12hezquation in the panel has either no,
or 11 seasonal monthly variables. Metrics consitlare Schwarz- loss (SL) and Hannan,
and Quinn’sb measure on lag length (k) of a levels vector agmssion:

SL=log(P )+(9k+2n+1)x(logT)/T® =log(P’|)+(2.00)(9k+2n+1)i(log(logT))/T wherey’

is the error covariance matrix estimated with 9k#Il{the “11” represents the 11
seasonal dummy variables, the “1” representscibrestant) regressors in each equation,
T is the total number of observations on each sgtie symbol “| | denotes the
determinant operator, and log is the natural lagari We select that model that
minimizes the loss metric. The asterisk (“*”) ir@dtes minimum of each column. We
report only results on lags of prices for lags 6i®&esults on other lags of prices, up to
12, are available from the authors.

In Figure 3 below, we plot Schwarz and Hannan anohiQloss metrics for
specification from one to 12 lag length, both vatid without the seasonal dummy
indicator variables. The metrics calculated witheedisonal dummy variables lie below
those calculated with seasonal variables. Bottsttevarz and Hannan and Quinn loss
metrics are minimized at one lag. Therefore, weagsthat the optimal lag length for
the nine price series unrestricted VAR represemtat equal to one and has a constant

and no seasonal dummy variables.
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Figure 3. Schwarz Loss and Hannan and Quinn (H&¥slon Alternative Lags with
and without Seasonal for Brazilian Livestock andaMericeMonthly Data: January
1996 —February 2011
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5.1. The impacts of the FMD outbreak on Braziliagatrprices

To analyze the impacts of the FMD outbreak in Bthat occurred in September
2005, we first estimate a unrestricted VAR usingdiata from January 1996 to August
2006, a month before the FMD outbreak in the sthtdato Grosso do Sul and two
months before the beginning of the Russian impant land then we conduct out-of-
sample forecasting of meat prices of 35 monthg #ieeevent and 6 months after the end
of the Russian import ban on Brazilian meat (ww@s December, 2007). We use the
following formula to estimate the percentage chaoighe actual price relative to the

forecasted price for the analyzed period (Augu&B2 June 2008):

AP =2 5 100 (6)

ij
wherex; andF; are the actual and forecasted prices, respectiokthie meat type(c =

chicken, p = pork, b = beef) in thenarket level (f = farm, w = wholesale, e = export)
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Figure 4 illustrateaP; over time for beef, pork, and chicken following fR&ID
outbreak in September 2005 and, sequentially, ¢iggnbing of the Russian import ban in
October 2005 through the lift of the import banRyssia in December 2007. We start
the discussion on the impacts of the FMD outbreakhe meat prices by analyzing each
type of meat.

5.1.1. Beef Prices

As we can see on the lower graph of Figure 4, fitlst six months after the
outbreak and five months after the Russian impant (pe. by February 2006), the export
beef price decreased approximately 12 percenteXpert price recovered four months
later (around May 2006) up to 6 percent and stagsitive until November 2006. After
November 2006, the export price dropped below aedstayed negative for 13 months,
with the largest decrease in price (nearly 18 p#jaa mid-2007, until the lift of the
import ban by Russia in December 2007. In Jan2@68, one month after the removal
of the import ban by Russia, the export price tB@ercent relative to the forecasted

price.
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Figure 4. Percentage change of the actual priegivelto the forecasted price following
the FMD outbreak (and Russian import ban) in Sep&ar2005 (in October 2005) and
before the removal of the import ban by Russia@&ténber 2007
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As for the wholesale beef price, the impacts ofRMD outbreak were positive in
the short run (up almost 18 percent in the firgi tmonths) until dropping below zero in
March 2006. The wholesale price rebounded five mofdter and stayed above the
forecasted price for most part of the period. Sanlyito the wholesale price, the effects
of the FMD outbreak on the farm beef price were igonus for most part of the period.
It seems that the farm and wholesale price wedettieeach other with the farm price
always below the wholesale price.

5.1.2. Pork Prices

The graph in the middle of Figure 4 representgtreentage change of the actual
price relative to the forecasted price for the porket. Likewise the export beef price,
the FMD outbreak had negative effects on the exmice for pork. The export pork
price reached the lowest percentage decrease sithmafter the occurrence of the FMD
outbreak in September 2005 (down approximatelyet@egnt), such decrease was the
largest in the short run for all the export prieeiss. However, the recovery of the export
pork price occurred less than two months latereamhtually reached its highest increase
in price in June 2006. The positive percentage ghatayed until February 2007 when it
dropped below zero and eventually only reboundedmanth before the removal of the
import ban by Russia. Overall, the percentage ohanghe actual price relative to the
forecasted for the export pork price was positethirteen months, the most of all
export prices series.

The wholesale pork price had severe negative tsftee to the FMD outbreak in
the first twelve months. In July 2006, the decreasgholesale price reached nearly 40

percent, which is the lowest decrease when comparether wholesale prices. The
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wholesale price rebounded rapidly getting very elwsthe forecasted price one month
later (in August 2006). The actual price went abtineeforecasted price finally in
February 2007 and eventually went down 20 percantionths later. The final
recovery of the wholesale price came in Octobe72600 months before the lift of the
Russian import ban. Regarding the farm pork psaejlarly to the wholesale price, the
lowest decrease occurred in July 2006 (down 20ep¢)cThe recovery of the farm pork
price only happened twenty months later in Oct@®€7. Of all the farm price series, the
actual price for pork spent the longest period urlde forecasted price, totaling 20
months before the recovery two months the lifth&f import ban by Russia.
5.1.3. Chicken Prices

The graph in the top of Figure 4 presents thegreage change of the actual price
to the forecasted price for the chicken marketsTharket is interesting to analyze since
the chicken meat is considered to be a substifuteth beef and pork. In addition, since
chickens cannot be infected by the FMD, one wowfaket that the Russian government
would not include chicken meat as part of the lathe first four months, the export
chicken price increased 12 percent. EventuallyRhssian authorities included chicken
meat in their import ban of Brazilian meats. As ltila& on chicken meats was
incorporated, the export chicken price decreaseoe?dent in April 2006. The recovery
of the export chicken price only occurred one yatar (April 2007) and stayed stable
around zero for the rest of the import ban.

The wholesale and farm chicken prices were afteict@ similar manner to the
export price. After increases in the first threemtiig, both prices had drastic decreases

three months later (March 2006). However, bothgxiebounded faster than the export
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price (in September 2006). For most part of thdyaed period, the wholesale and farm
prices for chicken were both above their respedbvecasted prices.
5.2. The impacts of the FMD outbreak on price masgif the Brazilian meat supply
chain

To analyze the impacts of the FMD outbreak alihregsupply chain, we estimate
the changes in the price margin for the export, ledade, and farm levels within each
market. The changes in the price margins alongtipply chain due to the FMD

outbreak are

PM;.r = (Xje — xir) — (Fie — Fif) export-to-farm (7)
PM; s = (Xjw — Xir) — (Fy — Fif) wholesale-to-farm (8)
PM; ¢y = (Xie — x3y) — (Fie — Fyy) export-to-wholesale (9)

where PM is the price margin at levetlative to levem and can be widen by the FMD
outbreak (PN > 0), narrowed (PMm, < 0), or has no effect on the price margin (RM
=0). Figure 5 shows the changes in the price mamgsulting from FMD outbreak in
September 2005 and, sequentially, the beginningeoRussian import ban in October
2005 through the lift of the import ban by Russidiecember 2007.
5.2.1. Beef Prices

The lower graph in Figure 5 shows the changelerptice margins resulting
from the FMD outbreak along the beef supply ch@ilre price margin at the export level
relative to the farm and wholesale levels decreas#ue first month after the FMD
outbreak (down R$0.50/kg and R$1.20/kg, respegfivaid only recovered two months
later (December 2005). This recovery only lasted more month then decreased again

approximately for both farm and wholesale level$qB0/kg and R$0.80/kg,
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respectively) in February 2006. After eight montiipositive outcomes, the price margin
at the export level relative to the farm and whaledevels decreased to negative points
until rebounding after the removal of the imporhliyy Russia. The wholesale-to-farm
price margin was positive for the entire periodha analysis.
5.2.2. Pork Prices

The middle graph in Figure 5 shows the changésdrprice margins resulting
from the FMD outbreak along the pork supply chaime results for the price margin at
the export level relative to farm and wholesaleslsvor the pork are similar to the results
from the beef market. The major difference betwtberresults of these two markets is
that, at the end of the analyzed period (after¢neoval of the Russian import ban), both
the export-to-farm and export-to-wholesale margieger recovered completely, staying
negative for the following three months (from Det&m2007 to April 2008). For the
whole period of the analysis, the wholesale-to-farme margin was stationary in the
range of —R$0.50/kg and R$0.50/kg .
5.2.3. Chicken Prices

The top graph in Figure 5 illustrates the changeke price margins resulting
from the FMD outbreak along the chicken supply ohai this market, the price margin
at the export level relative to the farm and whaledevels had an upward trend in the
first four months after the outbreak, then downwiaedd between month five (January
2006) and nine (May 2006), stayed negative fortrpag until recovering in April 2007
which lasted just one month, then decreased agaistayed negative until February

2008 (two months after end of the import ban bydta)s Likewise the beef market, the
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wholesale-to-farm price margin was positive far @ntire period, with the exception of
five months (from January 2006 to May 2006).
Figure 5. Changes in the price margin along thelsughain following the FMD

outbreak (and Russian import ban) in September 2805ctober 2005) and before the
removal of the import ban by Russia in Decembef7200
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Note: See Figure 2 for definition of variables.

5.3. The impacts of the FMD outbreak on dynamicegmterdependence
In this section, we use historical decompositmaddress the potential changes in

interdependence among prices due to the FMD owbAewlysis is performed to

evaluate how much each price innovation accoumtthéatypical variation of a certain

price due to the FMD outbreak.
By using the correlation matrix of price innovaisoestimated from the
unrestricted VAR estimated, we employ the TETRADshftware with the PC algorithm
to determine the contemporaneous causal flows legtwece innovations. The results in
Figure 6 indicate that the innovations in the famaces directly affected the wholesale
prices in all the meat markets. The innovatiorheffarm pork price also directly affected
the farm beef price which is an interesting resuite in the literature the opposite holds
(Bessler and Akleman, 1998). The beef and porloeices directly caused the farm
level prices for both meats which was expectedesthe Brazilian meat industry is very

export oriented and plays a major role in the dlobeat trade. Interesting to note was the

result of export chicken price directly causingtbtite beef and pork export prices.

Figure 6. Contemporaneous causalities based on 28@ts using the PC algorithm.
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Note: See Figure 1 for definition of variables.
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After implementing the contemporaneous relatiomsthentified by the PC
algorithm (figure 6) in the unrestricted VAR repeagation, we evaluate the historical
decomposition for export price beef. The contribntof each price to historical
decomposition is implemented over 35 months: onetmbefore the event and 34
months following the event. The bar chart in figdrdlustrates the contribution of each
price series, either negative or positive, to tiypiaal change in the export beef price
responding to the FMD outbreak in September 20@5tlae Russian import ban in

October 2004

Figure 7. Contribution of each price series onitim@vation of the export beef price
when responding to the FMD outbreak (and Russigoortban) in September 2005 (in

October 2005)*
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*Each stacked bar represents positive or negatméribution of nine price series to
innovation of export beef price. The solid linenegents the deviation of the actual
export beef price from the base projection. Theis-& the number of months before and
after the event while the event occurred in mowetto z

® Historical decomposition figures for the othercgrseries are available upon request.
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The deviation of the actual export beef pricetre¢ato the base projection, which
is represented by the solid line, indicates thatRNID outbreak in September 2005 had
an immediate negative impact on the export beekpiihe introduction of the Russian
import ban (month 1) further decreased the expaef price by R$0.35/kg, where most
of the variation was mainly due to its own pricaamation. In the following two months,
the deviation of the actual price relative to tlsdprice increases by R$0.35/kg, where,
unexpectedly, the positive variation was attributethe price innovations of the pork
and chicken export prices while the negative pmc®vation was most due to the own
price innovation. Conversely, in the following termonths (from months 4 to 6), the
price innovations of the export pork and chickemeseplayed a major role in the
downward movement of the export beef price. Fomtlost part of the next seven months
(from months 7 to 14), the deviation of the acegort beef price relative to the base
projection was positive, where the positive dewiativas most explained by own price
and wholesale beef price innovations. For the saenied, the deviation of the export
beef price to the forecasted price was not largertd the negative contribution of the
pork and chicken export price innovations.

From months 15 to 27, the deviation of the actxglort beef price relative to the
forecasted projection was negative for the entneogl. In this period we also found the
lowest negative variation of the deviation for 8&emonths (approximately -R$0.70/kg),
which occurred in month 22. It is interesting tonen that, in this 12 month period, the
export pork price innovations played a major roléhe negative deviation. Most of the
positive export beef price variation was mainlyihttted to its own series and the

wholesale beef price innovation contributions.
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The most important result of the historical decosipon of the export beef price
series is revealed in month 28 (January 2008), wisiexactly one month after the
removal of the import ban by the Russian governmé&stve can see on figure 6, the
deviation of the actual export beef price relativéhe forecasted price reached its peak
(approximately R$1.30/kg) of the entire studiedqgukin month 28. The variation of the
export beef price for that month was mainly duéhshocks of its own price followed
by the wholesale and farm beef prices innovatitirte negative contributions of the
beef substitutes (pork and chicken) had not begmfgiant (total of approximately
R$0.70/kg), the positive variation would have tloteptial of reaching nearly R$2.00/kg.
One can conclude that the removal of the Russiaroharazilian meat imports had a
very drastic positive influence on the beef indpstipply chain in general, especially at
the export level.

6. Conclusions

This study estimates the market impact associatidthe 2005 FMD outbreak in
Brazil, along with the consequences of the meabntipan by Russia, and its effects on
the Brazilian meat supply chain. By using time egrmethods, mainly unrestricted VAR
and historical decomposition of price innovatioomplemented by DAGs, we found that
the 2005 FMD outbreak caused a temporary pricekstoothe Brazilian meat market.

Beef, pork, and chicken export prices all decrdagter the FMD outbreak.
However, certain prices had different recovery slit@n others. For example, export
chicken price only rebounded 15 months later d@fteimport ban imposed by Russia.
On the other hand, the changes in export pork pdce to the FMD outbreak varied in

the same range over the analyzed period (betwe@mpetrtent and -15 percent). Of all
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the analyzed export prices, the beef price wastigewhich spent most of the period
below zero. To be more precise, the percentagegehainthe actual beef price relative to
the base was positive in only 8 months out of tnedy#ed 35 months. As for the
wholesale and farm prices for the different typenafats, all price series underwent a
negative impact due to the FMD outbreak only reloonm 7 months later, with the
exception of the pork prices which took 10 monthssicover. The most important
change in the price analysis is that all pricesednap recovering after the removal of the
import ban by Russia in December 2007.

The impacts of the FMD outbreak on price margihthe Brazilian meat supply
chain were different for the three different typésneat. For the beef market, the price
margin at the export level relative to the farm artblesale levels decreased in the first
month after the FMD outbreak and only recovered twaemths later (December 2005).
This recovery only lasted one more month then desa@ again in February 2006. After
eight months of positive outcomes, the price maagitine export level relative to the
farm and wholesale levels decreased to negativegontil rebounding after the removal
of the import ban by Russia. As for the pork supgigin, the results for the price margin
at the export level relative to farm and wholesalels for the pork are similar to the
results from the beef market. The major differebetveen the results of these two
markets is that, at the end of the analyzed pdgatidr the removal of the Russian import
ban), both the export-to-farm and export-to-whdkesaargins never recovered
completely. In the chicken market, the price maggithe export level relative to the
farm and wholesale levels had both upward and dashmovements along the period

of the analysis, which made it difficult to formyaprecise conclusion. For the whole
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period of the analysis, the wholesale-to-farm pr@gin for the three types of meat was
stationary in the range of —R$0.50/kg and R$0.50/kg

The interdependence among the price series antatgge under the FMD
outbreak is identified using historical decompasitof price innovations. The results
suggest that the farm level price innovation haygd a major role in explaining the
innovations of the wholesale prices in all the meatkets. The innovation of the beef
and pork export prices directly caused the farnell@vices for both meats which was
expected since the Brazilian meat industry is wport oriented and plays a major role
in the global meat trade. Interesting to note viaasrésult of export chicken price
innovations directly causing both the beef and potort prices. This can be explained
by a possible substitution effect which perhagsrésent in the data series.

The historical decomposition of the export beéfgrs evaluated based on the
contemporaneous relationship identified by the DAt&thod. For most part of the
period analyzed, the positive deviation of the alkcexport beef price to the base
projection was mainly explained by the price innawas of its own price series and the
wholesale beef price series. Conversely, the pnicevations of the export pork and
chicken series along with the farm beef price sgplayed a major role in the downward
movement of the export beef price. The most impntasult of the historical
decomposition analysis was the possibility to slioat the removal of the Russian ban
on Brazilian meat imports had a very drastic pesitnfluence on the beef industry
supply chain in general, especially at the exporél.
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