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ABSTRACT

Essays on Impacts of Avian Influenza Outbreaks ioari€ial Markets. (December 2009)
Wei Huang, B.A., Zhongnan University of Finance &ubnomics;
M.A., Hubei Academy of Social Sciences
Co-Chairs of Advisory Committee: Dr. Bruce A. McCar
Dr. David Bessler
A recent outbreak of bird flu or avian influenzal),Aan especially highly pathogenic
strain (HPAI) of H5N1, started in Hong Kong in Jaryy2003 and caused 159 human
deaths in Asia, Africa and Europe through early200 addition, this outbreak resulted
in millions of slaughtered birds and banned inteomal trade of poultry meat in the
infected countries. Such events harmed the poutityjsm, and other related industries
in the infected countries and changed the worldtpotrade flow. Even in some
uninfected countries, related industries were negigtaffected. This study investigates
the impact of bird flu outbreaks as manifestednaricial markets within the US and
Japan.

The first essay explores how the auidlmenza (Al) outbreaks impacted the
security values of poultry-related firms. Usingtmrequilibrium analysis, this study
infers that within a country Al outbreaks drop $t@eices of poultry meat producers and
raise stock prices of poultry food producers. Stamgously, we infer that Al outbreaks
in other poultry exporting countries raise stocic@s of poultry meat producers and

drop stock prices of poultry food producers. Theeital findings support our model



results. Recent developments in time series methioetted graphs and search methods
of cointegration rank are applied in this study.

The second essay examines whether avian influenbasaks cause structural
breaks in a model of their prices. It employs theaimic programming algorithm and
the reduced regression method for a cointegratesbvautoregressive (VAR) model to
compute the break dates for the data sample. €ksesarch then compares the long run
relation, short run relation and contemporaneolagioa. The model estimations in these
three sub-periods find these three sub-samplesigméicantly different. The breaks
were caused by the invasion of Irag on March 20@Bthe 20 Bovine Spongiform
Encephalopathy (BSE) induced ban of Canadian ktgecimports to the US on 03

March 2005, not by avian influenza outbreaks inye2004.

The third essay explores the effects of the anfloénza announcement in
Japan on the prices of agricultural commodity fesucontracts traded in Japan. Both the
VAR model with asymmetric generalized autoregressinditional heteroskedastic
(GARCH) terms and the event study methods were tesedlamine whether avian
influenza outbreaks significantly affected thesekats. Our findings point out that the
avian influenza outbreak only impacted the eggragwontract.

These three essays found that outbreaks of aviluemnza have significant
impact on poultry-related stock prices and futureskets. The examined impacts
changed the movement of those financial equityesria the short run, but not in the
long run. Research showed, investors and pouligted producers still encounter huge

financial risk and loss.



DEDICATION

To my dearest wife, daughter, and parents



Vi

ACKNOWLEDGEMENTS

First and foremost, | would like to acknowledge dmahk my wife, Yanhua, for her
unwavering support through our marriage. Next, ulddike to thank my parents for
their generous spiritual and physical support tostogly. | am thankful to my committee
co-chairs, Dr. McCarl and Dr. Bessler, for theiid@nce and generous support
throughout the course of this research. | am alateful for my committee members, Dr.
Capps and Dr. Jin, for their precious time andgpat in the guidance of my research.
Finally, I am also grateful for my classmates amehids at Texas A&M for their

encouragement, patience and help.



vii

NOMENCLATURE
AFCE AFC Enterprises
Al Avian Influenza
BSE Bovine SpongiformcEphalopathy
CALM Cal-Maine Foods
DAFCE Innovation of AFCE Stock Price
DCALM Innovation of CALM Stock Price
DF Demand Curve of Poultry Food Served by a Foaditrrer
DI Demand Curve of Poultry Meat Provided by a WHaldustry
DIBA Innovation of IBA Stock Price
DM Demand Curve of Poultry Meat Served by a MeatdBcer
DSAFM Innovation of SAFM Stock Price
DTSN Innovation of TSN Stock Price
EDW Excess Demand of BgWieat in the World Poultry Market
ESC Excess Supply aiilBg Meat in an Exporting Country
ESW Excess Supply of IBgMeat in the World Poultry Market
GARCH Generalized Autoregresstonditional Heteroskedasticity
IBA Industrias Bachoco
NSOYBEAN Non-GMO Soybean
SAFM Sanderson Farms

SF Supply Curve of Poultry Food Served by a Foadi&cer



SI

SM

SP500

TSN

us

VAR

Supply Curve of Poultry Meat Provided by a Whiolgustry
Supply Curve of Poultry Meat Served by a Meatdacer
Standard & Poor’s 500 Index
Tyson Foods

United States

Vector Autoregressiv

viii



TABLE OF CONTENTS
Page
A B S T R A T ettt et e et e et e et e e e e e e —an——————.a iii
DEDICATION .ottt et e ettt e et e e e e e e e e e e e e e e raerenaarenans \Y;
ACKNOWLEDGEMENTS ..ottt emm e et e e e e e e e e e e e e e e e e eenns Vi
NOMENCLATURE ...t e e et e et r e e e e e e rennas Vii
TABLE OF CONTENT S ..ottt e e et e e e e e e e e e e e e e e enereeean 4
LIST OF FIGURES . ... ..o oot eeeee et e e e e e e e e e e e e e e eeaeneeanaees Xi
LIST OF TABLES ...ttt ettt r et e e e e e s e s e e eaeeeaserennneesnees Xiii
CHAPTER
I GENERAL INTRODUCTION ....ootiiee et e e e e e 1
ODJECHIVE .. e e e e e e e e e eeeeeneees 2
LItErature REVIEW .......cce e 3
1 HOW DOES AVIAN INFLUENZA IMPACT THE POULTRY-
RELATED STOCKS LISTED ON US BUIC STOCK
MARKETS? 7
Expectation of Al Outbreak Effects on Stock Bsic................... 9
Empirical Research Methodologies .........ccccceeveeeeeiiiiviiveeiiinns 16
Data and Al Event Time WINAOW.............. e eeeeeeireeeeeesnrennees 22
EMPirical RESUILS ........ooovviiiiieiie s e e e e e e e e e e e eeeeeeeeeeannnns 24
CONCIUSIONS .. e 51
11 DO AVIAN INFLUENZA OUTBREAKS CAUSE STRUCTURAL
BREAKS OF COINTEGRATED VAR MODEL?.....covvveviiviieeins 54
Research Methodology...........eeioiiiii e 55
Data and Al OULDIEaKS ......oeneiee e et 58
Empirical RESUILS ... 59

CONCIUSIONS. ¢ et 81



CHAPTER Page

\Y DID AVIAN INFLUENZA OUTBREAK AFFECT
AGRICULTURAL COMMODITY BTURES LISTED IN

JAPANESE FUTURES MARKEZS........oi e, 83

Research Methodology...........eeiiiiiis e 84

Data and Al EVENES ......coooiiiiiiiiic e 87
Empirical RESUILS ..o 88

CONCIUSIONS. et 97

\% GENERAL CONCLUSION AND DISCUSSION ......ccccovvviiiiienens 100
REFERENCES. ... e e e e ennes 103
APPENDIX A e e e e e 109
APPENDIX B ..ttt e e e 110
APPENDIX € o eeeee e e 111
APPENDIX D ..t e e e 112
APPENDIX E ..o 113
APPENDIX F oo 114
APPENDIX G .ot e e e 115
APPENDIX H oo et 116
APPENDIX Lttt e e e e e e e e 117



Xi

LIST OF FIGURES

FIGURE Page

1 Partial Equilibrium Analyses for the EffectsAif Outbreak Outside this
Country on Food Producers, Meat Producers, PoMlegt Industry, Excess
Supply of this Exporting Country and World Pouliheat Market................... 12

2 Partial Equilibrium Analyses of the Effects of Gutbreaks Inside an
Exporting Country on Food Producers, Meat Prodydgrsltry Meat
Industry, Excess Supply of Exporting Country &ddrld Poultry Meat
IMTBTKET ..ttt e e e 13

3 Plots of Daily Human Death and Daily Stock Psitar Five Poultry Related
Firms Publicly Traded in US Stock Markets, 06/002®4/16/2007 ............... 26

4 Pattern Found with PC Algorithm with its P-vaki€©.10 on Innovations from
a VEC Model on Daily Stock Prices for Five PoulRglated Firms Publicly
Traded in US Stock Markets, 06/01/2001-04/16/2007. cu...uuuceieiiiieeaaaaaaaeeee. 38

5 Plots of Historical Decompositions of Cal-Maireods from 8 January
2004 t0 10 February 2004 ........ccooiiiieiiieeeeeeeeeeeeieee e e e e e e e e e e e e e e eeeaaaaeern———- 41

6 Plots of Historical Decompositions of Industrizechoco from 8 January
2004 t0 10 February 2004 ...t 42

7 Plots of Historical Decompositions of SanderBarms from 8 January 2004
t0 10 February 2004 .........cooooiiieeeeeeeeceeemmc e e e e e ————- 43

8 Plots of Historical Decompositions of Tyson Fedebm 8 January 2004 to
10 FEBruary 2004 ...t a e et en——————a 44

9 Plots of Historical Decompositions of AFC Entisps from 8 January
2004 t0 10 February 2004 ... 45

10 Plots of Historical Decompositions of Cal-Malk@ods from 11 February
2004 t0 15 MArch 2004 ..........oiieeeeeeee e e e 48

11 Plots of historical Decompositions of Industrizachoco from 11 February
2004 t0 15 MArCh 2004 ........eeeieeeeeeee e e e e e eereeeeeaaanee 49



Xii

FIGURE Page

12 Plots of Historical Decompositions of Sandersarms from 11 February

2004 10 15 MArCh 2004 ......oooiiiiiiiee e 49
13 Plots of Historical Decompositions of Tyson Bedrom 11 February 2004

t0 15 MArCh 2004 ........eiiiee e 50
14 Plots of Historical Decompositions of AFC Epiéses from 11 February

2004 10 15 MArCh 2004 .......coii i 50
15 Contemporaneous Interrelationship at 2% Sicgniite Level, 06/01/2001-

0371972003ttt ettt ittt e e e e e e e e e eaaaarraa e 70
16 Contemporaneous Interrelationship at 2% Sigguifte Level, 03/20/2003-

O4/L6/2003..... .ttt ettt e e e e e e e 70
17 Contemporaneous Interrelationship at 2% Sicguiite Level, 03/08/2005-

O4/LB/2007 ...ttt e e e ettt ittt e e e e e e e e e eaanr i aeees 72
18 Plot of Nearby Futures Contracts’ Prices, 1/RG01-02/12/2004 .................... 89

19 Plot of Contemporaneous Causal Relationshipngnmhese Four Futures
Contracts, 11/30/2001-02/12/2004..........cccoeeeeeeeeeeeeeeeeceee e 95.



Xiii

LIST OF TABLES

TABLE Page

1 Summary on the Expected Impacts of Al OutbreakBoultry-related
Y (0 T S [0 = PRRRP 15

2 Summary Statistics on Daily S&P500 Index andyp@tock Return for Five
Poultry Related Firms Publicly Traded in US Stocarkéts, 06/01/2001-
O4/LB/2007 ...ttt e e e e e nnne e nnrees 27

3 Tests for Non-stationarity of Levels and Firsff&ences of Daily Stock
Prices for Five Poultry Related Firmskcly Traded in US Stock Markets,
06/01/2001-04/L6/2007 ...cceeiieiieeeee e e eeeeeeeeeee e e e e et e e e e e e snbbree e e e e e snnaeeaans 27

4 Loss Metrics on the Order of Lags (k) in a Lagwkls Vector
Autoregression on Daily Stock Prices for Five PguRelated Firms
Publicly Traded in US Stock Markets, 06/01/20013@42007 ................cvvveens 28

5 Tests of Cointegration Rank among Daily Stodkdarfor Five Poultry
Related Firms Publicly Traded in US Stock Marké&/01/2001-
O4/LB/2007 ...ttt e e e e nnne e nnraes 29

6  Model Choice between Vector Autoregasslodel and Vector Error
Correction Model for Daily Stock PricEive Poultry Related Firms
Publicly Traded in US Stock marke®®/00/2001-04/16/2007 ........ccccceeeeennn... 31

7 Schwarz Information Criterion and Hannan andn@si® on One to Four
Cointegration Rank and One to Five Lags on ECM MéafeDaily Stock
Prices for Five Poultry Related Firms Publicly Teddn US Stock Markets,
6/01/2001-4/L6/2007 ...oeeeeieiieieee e eeteee et ennee s 32

8 Tests on Exclusion from the Cointegration Sgac®aily Stock Prices for
Five Poultry Related Firms Publicly Traded in U8kt Markets,
06/01/2001-04/1L6/2007 ..ccceeeeeiieeeee e e e eeeeeeeieeee e e e et e e e e e e snreree e e e e s snnaeeeaas 32

9 Tests on Weak Exogeneity from the Cointegrafipace for Daily Stock
Prices for Five Poultry Related Firms Publicly Teddn US Stock Markets,
06/01/2001—04/16/2007 ....eeeeeeiiirieieeee s e eeesieeeeeeeaaannereeeaessannnneeeeenans 35

10 Tests on Stationarity from the Cointegratiom&pfor Daily Stock Prices
for Five Poultry Related Firms Publicly Traded i® $tock Markets
06/01/2001—04/16/2007 ....eeeeeeiiirieieeee s s e eesiaeeeaeeaaentereeeaessannnneeeeenans 35



Xiv

TABLE Page
11 The Period Effect of Al outbreaks in Asia fr@January 2004 to 10

February 2004 and in USA from 11 February 20045 d/4hrch 2004.............. 38

12 Dates and Statistics of Break Points, 06/0WADO16/2007 ............ccevvvvvvrnnnnee 60

13 Tests of Cointegration Rank among Daily Stocke? for Five Poultry
Related Firms Publicly Traded in US Stock Marké&/01/2001-
0371972003, ettt ittt e e e e e e e e e eanaarraaraeees 63

14 Tests of Cointegration Rank among Daily Stocke? for Five Poultry
Related Firms Publicly Traded in US Stock Marké&®&/20/2003-
0310772005ttt e ettt tt e e e e e e e e e eener e 64

15 Tests of Cointegration Rank among Daily Stocke? for Five Poultry
Related Firms Publicly Traded in US Stock Marké&®&/08/2005-
O4/LB/2007 ...ttt e e ettt ittt e e e e e e e e e eeeerr e 65

16 Tests on Exclusion from the Cointegration Sgac®aily Stock Prices for
Five Poultry Related Firms Publicly Traded in USc&kt Markets
03/20/2003-03/07/2005 ....coevviiiiiieeee e e e e e e 66

17 Tests on Weak Exogeneity from the Cointegralipace for Daily Stock
Prices for Five Poultry Related Firms Publicly Teddn US Stock Markets,
03/20/2003-03/07/2005 .....ceeviiiiiiee e e e e e 66

18 Comparison of Innovation Correlation Matrix amgolrhree Sub-samples
Based on Jennrich Homogeneity TeSt ..o 72

19 Forecast Error Decompositions on Daily Stoakd2rfor Five Poultry
Related Firms Publicly Traded in US Stock Marked§/01/2001-
03/19/2003....... ettt e e e e rnnne e nnrees 76

20 Forecast Error Decompositions on Daily Stoakd®rfor Five Poultry
Related Firms Publicly Traded in US Stock Marké&®&/20/2003-
03/07/2005...... ettt e e e e e e e e e e rnnre e nneees 77

21 Forecast Error Decompositions on Daily Stoagkd®rfor Five Poultry
Related Firms Publicly Traded in US Stock Marké&®&/08/2005-
O4/LB/2007 ...ttt e e e e e nnne e nnrees 78

22 Estimation of VAR Model, 06/01/2001-03/19/2Q03..........cccvvveeeiiiiiireeeeeenns 79



XV

TABLE Page
23 Estimation of Cointegrated-VAR Model, 03/20/38@8/07/2005..................... 79
24 Estimation of VAR Model, 03/08/2005-04/16/2QQ7...........c.ccveeieeeieiirinnennn. 79

25 Summary Statistics among Daily Futures ConfPaictes for Agricultural
Commodities Traded in Japanese Futures Market3042001-02/12/2004....89

26 Tests for Non-stationarity of Levels and Fddferences of Daily Close
Prices for Agricultural Futures Contracts Tradedapanese Futures
Markets, 11/30/2001-02/12/2004 ..............comseereeeeeeeaninineeneeseannnneeeaeaans Q0.

27 Loss Metrics on the Order of Lags (k) in a legels Vector
Autoregression among Daily Futures Prices for Agtieal Commodities
Traded in Japanese Futures Markets, 11/30/200R22DQ4 ..............cccceeeee. 91

28 Tests of Cointegration Rank among Daily Futifases for Agricultural
Commodities Contracts Traded in Japanese Futuresetda11/30/2001-
02/12/2004 ... et a e a e 93

29 Forecast Error Decompositions on Daily Prieed=our Futures Contracts
Publicly Traded in Japanese Futures Markets, 12080/-02/12/2004 ............. 94

30 Abnormal Returns and Cumulative Abnormal Retunnthe Event
Window, 01/09/2004-01/16/2004 .........no oot 95

31 Estimation of Asymmetric GARCH-M Model ....cceeueiiiiiiiiiiiiiiiiieeiiiiis 99



CHAPTER |

GENERAL INTRODUCTION

A recent outbreak of an especially highly pathogemian influenza (Al) strain (H5N1),
started in Hong Kong in January 2003, and caus8dclifnan deaths in Asia, Africa and
Europe through early 2007. In addition, this oudlireesulted in millions of slaughtered
birds and banned international trade of poultry inme¢he infected countries. Such
events harmed the poultry, tourism, and otheredlatdustries in the infected countries
and changed the world poultry trade flow. Evename uninfected countries related
industries were negatively affected. This studyestigates the impacts of avian
influenza outbreaks on financial markets in US dapanThe United States (US) is the
largest poultry exporting country in the world,léaled by Brazil, China and Thailand.
Thus recent Al outbreaks could have some detectdfdets on the US poultry economy
even though the HPAI strain of HSN1 has never libstovered there. Japan is one of
the largest countries to import poultry meat inwwld. Outbreaks of avian influenza
may impact both demand and supply of poultry medbése two countries, further their
related financial markets in these two countriessMprevious studies, regarding Al and
the US, simulate hypothetical outbreaks with ecocanodels to explore possible
effects of Al outbreaks on industrial, regionahational economy without actual data

support (Djunaidi et al., 2007; Brown et al., 20B3arlberg et al., 2007).

This dissertation follows the style Afnerican Journal of Agricultural Economics.



Objective

The first essay tries to explore the impact of #éms on some poultry-related stock
prices. At first, this study employs partial egoiiium analysis to deduce expected
impacts of Al outbreaks inside or outside the pguixporting country on poultry meat
or egg producers and poultry food producers; thawvestigates how Al outbreaks in
Asia and US affected five poultry-related firms pclly traded in the US stock market
through the historical decomposition analysis aacter error correction model. Recent
developments in cointegration rank search methdddaected graphs are applied in this
study.

The second essay examines whether avian influatbaeaks have long run
effects on financial markets. The first essay alygdfaund avian influenza outbreaks in
Asia and the US had caused the stock price ofgdoudtry-related firms publicly listed in
the US stock markets to fluctuate greatly in thersterm. These findings show that
avian influenza outbreaks could impact financiatkets through international trade. So
a question of whether avian influenza outbreakscafinancial market in long rum term
appears naturally. Djunadi and Djunaidi (2007) dated the effects of avian influenza
outbreaks on international trade of poultry arowwdld. They found avian influenza
outbreak in European countries or the US reducednational trade of poultry more
than would outbreaks in Asia. In 2006, avian inflz@ was found frequently in Asia,
Europe and Africa almost the same time. So thidystues to explore whether break
points exist in this data sample and what causakisri they exist.

The third essay explores the effects of avian @rflia outbreaks in an importing

country, contrary to the previous two essays tkptage the impact of avian influenza



on the economy of the United States, an exportngty. Some previous studies found
food safety events have little effect on relatedcadfural commodity futures. (Lusk and
Schroeder, 2002). TSE and Hackard found the eftdatsad cow announcement on

agricultural commodity futures using the data samplminute.

Literature Review

Previous studies have explored the impacts of Abrak in the United States on the
agriculture and trade of the United States andatbed. Djunaidi and Djunaidi (2007)
employed a spatial equilibrium approach to exantime economic impacts of Al
outbreaks. Their simulation results showed thatet@ort price hit its highest point and
the volume of world poultry trade reached its loyasint if all producing regions were
affected by the outbreaks. Outbreaks in the UnStates were found to have a greater
effect on export price than outbreaks in any ottegion. Outbreaks in Asia had the
smallest effect on export price among these fogiores. Brown, Madison, Goodwin and
Clark (2007) simulated the effects of an Al outlirea US agriculture and found that in
the first year following an Al event in the US tpeaces of chicken, turkey and eggs
declined significantly. The domestic consumptiomaeed stable while the production
and exports decreased where the production reductias larger than the export
reduction. As substitutes for poultry meat, beead @ork prices increased as well with
the higher prices of cattle and hog. The pricecah, soybean and soybean meal
declined as feed use decreased for Al outbreakshépoultry industries recovered, the

prices of these affected categories returned o tloemal levels.



Paarlberg, Seitziger and Lee (2007) examined thalated US economic
impacts of regionalization in the event of an oeék of HPAI. The results indicated an
outbreak of HPAI could lead to a decline in priggduction, consumption and export
of poultry meat and eggs. Both consumers and peyduaf poultry meat and eggs
experienced welfare losses. Regionalization coudderate those effects of Al
outbreaks mentioned above. The Al impacts on thétgyandustry could almost
completely disappear after four quarters followihg Al outbreak. For the substitution
effects, non-poultry meats decreased their prisgmaltry meat did and non-meat food

and non-agricultural goods were not affected.

The Economic Commission for Latin America and tfaibean of the United
Nations (ECLAC, 2006) analyzed the recent outbredlés around the world, and
concluded six main trade impacts of Al on the wanhdi Latin America and the
Caribbean. These impacts included a decline indyaolltry trade; an increase in
chicken meat stocks in infected producer countaasop in prices in infected countries;

diversion of trade, with more imports coming fromehse-free countries.

Rushton, Viscarra, Bleich and Mcleod (2005) rembrtepacts of avian influenza
outbreaks in the poultry sectors of five East Asiaantries: Cambodia, Indonesia, Lao
PDR, Thailand and Vietnam. This study found thaAH&fected the whole supply
chain such as input industry, production, marketprgcessing and consumers. The
industries related to poultry lost much productmd revenue, while the industries

related to other livestock experienced rising comstion and revenue.



Obayelu (2007) studied the impacts of Al outbreakrousehold poultry
consumption and poultry industry in Nigeria throwgghuctured interviews. The study
found that Al outbreaks and spread in Nigeria sslypthreatened the poultry industry,
food security and the livelihoods of both the raat urban communities. Poultry
farmers stopped maintaining their farms; househstdgped the consumption of poultry
products. Following the outbreak, prices of chicked egg decreased considerably, as
supply overwhelmed demand. Consumption of porki, sk and animal skin rose as

substitutes for poultry products.

In a simulation study, Kennedy, Thomson and Vujaq¢20D06) found both short-
term and medium-term effects of Al outbreaks in thaig. In the short run, GDP might
contract by over 5% in the year following an outtk®f a HPAI pandemic. Households
were found to reduce consumption, particularlyer/ge-related goods, while business
cut both investment and employment. In the medierm consumption and GDP
growth both recovered by the end of the second ydate the unemployment rate did

not start falling until the third year after the gtiock.

There is some work on the effects of BSE outbreakstock prices for related
firms through the event study methodology. HensahMazzocchi (2002) explored the
impact of the UK Government’s announcement on aipteslink between BSE and
human health on UK firms in the beef and relatedass. They found the Government
announcement decreased stock returns of beef parseslairy products, animal feed
and pet food. The announcement increased equitgaf other meat manufacturers.

Jin and Kim (2008) studied the effects of the BSiEboeak in the United States on the



security values of the agribusiness and food psiaegdirms in the United States. They
showed that these US firm values of beef produdereased significantly, while the
firm values of non-beef production increased follogvthe BSE outbreak. The BSE
outbreak had small or negligible impacts on theéiin other categories, such as farm

machinery and equipment, grain marketing, and dtheas.



CHAPTER Il
HOW DOES AVIAN INFLUENZA IMPACT THE POULTRY-

RELATED STOCKS LISTED ON US PUBLIC STOCK MARKETS?

A recent outbreak of an especially highly pathogewian influenza strain (HPAI) of
H5N1, started in Hong Kong in January 2003, andedul 59 human deaths in Asia,
Africa and Europe through early 2007. In addititimis outbreak resulted in millions of
slaughtered birds and bans international tradevoftfy meat in the infected countries.
Such events seriously hurt the poultry, tourisnd ater related industries in the
infected countries and changed the world poulagérflow (Rushton et al., 2005;
Obayelu, 2007; Nicita 2008). Even in some uninféceuntries related industries are
negatively affected (ECLAC, 2006). The United S§idS) is the largest poultry
exporting country in the world, followed by Brazihina and Thailand. Thus recent Al
outbreaks could have some detectable effects od$hpoultry economy even though

the HPAI strain of H5N1 has never been discoveneoet

Most previous studies, regarding Al and the USusate hypothetical outbreaks
with economic models to explore possible effectdlobutbreaks on industrial, regional
or national economy without actual data supporti(iajdi et al., 2007; Brown et al.,
2007; Paarlberg et al., 2007). This study is thst fine to investigate the firm-level
effects of Al theoretically and empirically. Thigyper explores the Al outbreak effects
on stock prices of poultry-related firms in an emanc partial equilibrium model. Then

the empirical estimations are done on the stoatefsehaviors of poultry-related firms



in US stock markets. The study extends the liteeatuthat little previous literature

relates stock price fluctuations to the changetgrnational trade.

The stock market approach has been pursed befotben contexts. For
example, previous research found the Bovine SpongiEncephalopathy (BSE)
outbreaks have significant influences on stockgwic meat and other related industries
in the United Kingdom (UK) and the United Staté$eiison et al, 2002; Jin and Kim,

2008)

This study applies the vector error correction (VE@®del and its associated
historical decomposition analysis for five publittgded firms using data from 1 June
2001 to 16 April 2007. The historical decompositroathod is often used in
macroeconomic policy analysis. Recently it is ergptbto discover the effects of BSE
events on the beef retail prices in the United Kimmg and Japan (Chopra and Bessler,
2005; Saghaian et al, 2007), and to investigatér#imsmission of multiple stock market
crashes occurring in the October 1987 (Yang andIBe<2008). In this context, it
appears that this study will be the first efforeqaply the historical decomposition to
explore the impacts of animal disease outbreakb®stock prices of firms. Recent
developments in directed graphs and cointegratiok tests are also applied to help

build and explain the model in this study.

This research could help understand why and hoawufireaks in different
places have different impacts on poultry-relatech$. The model and its results can also

be used to analyze the impacts of other animahdeseor food safety events on the



related firms. Furthermore, this study can helpausthnd how the change of

international trade affects the related firms.

The remainder of this paper is organized as fdlolihe second section
develops the partial equilibrium model to analypg/Al outbreaks impact stock prices
of poultry-related firms. The empirical methodolegjiare covered in the third section.
The fourth section presents the empirical resdlte®analysis. Conclusions and

suggestions on future research are offered inateskection.

Expectation of Al Outbreak Effects on Stock Prices

This study assumes that the US meat consumeropfitdence in the US firm
reputation and the food safety inspection systefirmfand nation, thus domestic
poultry meat/eggs/food consumption remains staillewing Al outbreaks inside or
outside the United States. The poultry-related $iumder study are divided into poultry
meat/eggs producers (meat producers) and restapoaugoultry food producers (food
producers). The meat producers are the upstreams 6f food producers, while the food
producers are the downstream firms of meat progduddre supply curve of food
producer is a function of poultry meat price. Asiiy meat price increases, poultry

food supply decreases; as poultry meat price dsese@oultry food supply increases.

Figure 1 provides the partial equilibrium analysishow how Al outbreaks in
other poultry-exporting countries impact stock ps©f poultry-related firms in an
uninfected exporting country. Figure 2 providesphaetial equilibrium analysis to show
how Al outbreaks inside an exporting country impstotk prices of these poultry-

related firms in this country. In these figures slupply curves of meat producers, SM,
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and the supply curves of food producers, SF, aséipe-sloped lines; their demand
curves, DM and DF, are horizontal lines. The hartabdemand curves indicate firms
have no market power and are price takers. The d@marves of poultry meat industry,
DI, are negative-sloped lines; their supply cun&dsare positive-sloped lines. In the
world poultry meat market, the world excess demangies, ESW, are negatively

slopped; its excess supply curves, EDW, are peadjtisioped.

Figures 1(a), 1(b), 1(c), 1(d) and 1(e) respecyiaslalyze the effects of Al
outbreaks outside the country on food producer t mealucer, poultry meat industry,
excess supply of exporting country and world pguitieat market in sequence. As we
know, if some other poultry exporting countries mfected by Al and are banned from

exporting poultry meat, then the world excess sppppoultry meat decreases.

In Figure 1(e) of the world poultry market, the plypcurve shifts inward from
ESWp to ESW. This change causes the equilibrium price risenfRyo to Ry1 and the

equilibrium quantity decrease fromy@to Q.

In Figure 1(d), even though the excess supply cafibke exporting country,
without Al infection, does not change, the pricerof poultry meat in the world market
leads to the rise in the poultry meat export pfioen P to R-; in that exporting country,

which leads to the quantity of exporting poultryahgsing from Qo to Qc1.

In Figure 1(c) of poultry meat industry, both thentestic demand and supply are
not affected by Al outbreaks in other countriesistthe industry demand curve and

supply curve remain unchanged. However, the rigxport price leads to the rise in
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industry price from B to R, which leads the decrease in industry equilibrauantity

from Qg to Q.

In Figure 1(b), the supply curve of the meat pradunes not change because it
is not affected by Al outbreaks; its demand cutviéts downward from DN to DM; for
the drop of industry meat price. The equilibriunrcerof the meat producer increases
from Ryo to By1; its equilibrium quantity increases fromygto Qu:. The producer

surplus of meat producer increases in the contegtween in Figure 1(b).

In Figure 1(a), the poultry food demand is not etiée by Al outbreaks as we
assumed previously, and the demand curve of foodyzer remains unchanged. Its
supply curve shifts inward from $F Sk because its production input price, poultry
meat price increase as we previously assume th@yscyrve of food producer is a
function of meat price. The equilibrium quantitytbé food producer decreases from
Qro to Q1. The producer surplus of food producer reduceshaws/n in Figure 1(a). The
increase in producer surplus means the increasgrohet income, which further means
the rise of firm value, equivalently the stock pritse of firm, and vice verse. Thus, we
can make the first expectation that Al outbreakstirer exporting countries do raise the
stock prices of meat producers and drop the stacksof food producers in an

exporting country without Al infections.
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Figure 2(a), 2(b), 2(c), 2(d) and 2(e) respectiaaiglyze the effects of Al
outbreaks inside the country on food producer, meaducer, poultry meat industry,
excess supply of exporting country and world pguitieat market in sequence. The
change of the world market in Figure 2(e) is thmesas the change in Figure 1(e). The
equilibrium price in the world market increases #&melequilibrium quantity decreases
after an Al outbreak. The Al-infected country iseof banned from exporting poultry
products. Hence, in Figure 2(d) the exporting gixaneéduces to zero and the excess
supply curve shifts inward from EQ@® ESG, since the Al outbreaks inside the country

reduces the domestic poultry meat production.

In Figure 2(c) the domestic demand curve is nacéd by Al outbreaks and
remains unchanged as we assume previously; itdysappve shifts inward from gko
Sl due to Al outbreaks reducing the domestic poutteat production. For the export
ban, the exporting quantity reduces to zero. Tthesindustry equilibrium price drop

from Pp to RB; and its equilibrium quantity decreases from tQ Q.

In Figure 2(b) the supply curve of meat producerams unchanged because its
production may not be damaged by Al outbreaks. &It our analysis result will not
change whether its production is damaged or notagach by Al outbreaks.) The
demand curve of meat producer shifts downward fidiviy to DM; due to the exporting
reduction. Hence, the equilibrium price for meaiducer drops fromyp to Ry; and its
equilibrium quantity decreases fromy6Xo Qu1. The producer surplus of meat producer

decreases in term of Figure 2(b).
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In Figure 2(a) the demand curve of the food prodvemains unchanged as we
assumed previously; its supply curve shifts outwdard to the drop of poultry meat price.
Hence, the equilibrium price of food producer remsastable and its equilibrium
guantity increases fromgto Q-1. The producer surplus of food producer increases.
According to the relation between producer surplug stock price described in last
paragraph, we can make the second expectatiodltiwaitbreaks inside an exporting
country do drop the stock prices of meat produaatsraise the stock prices of food

producers in this country.

Table 1. Summary on the Expected Impacts of Al Outteaks on Poultry-related
Stock Prices

Location of Al outbreaks Firm type Stock price béba
Outside the country Poultry meat/eggs producers Stock pricet
Poultry food producers Stock pricel
Inside the country Poultry meat/egg producers Stock pricel
Poultry food producers Stock pricet

These two expectations are summarized in Tablédis. Study will employ the
historical decomposition analysis to explore thedwor of the five poultry-related
stock prices during and after Al outbreaks in Asia the US. The empirical results of
the historical analysis can be used to check therdiical results in this section. The
historical analysis requires the knowledge of thdtkvariable autogressive relationship
among these five stock prices through Vector EQarection Model (VECM) analysis.
The contemporaneous relationship among these tidak prices can be obtained

through the directed acyclic graphs (DAGs) analysis
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Empirical Research Methodologies

Historical Decomposition

The historical decomposition method is used to @eptlata in the neighborhood of a
historically important event. It has often beendusemacroeconomic policy analysis
(Hamilton 1983). Recently, some studies employéirttethod to discover the effects of
BSE events on the beef retail prices in the Unitedydom and Japan (Chopra and
Bessler, 2005; Saghaian et al, 2007), and to igadstthe transmission of stock market
crash around the October 1987 (Yang and Bessl@8)2This method can decompose
the historical values of time series variables urstiedy into a base projection and the
cumulative effects of current and past innovatioheach variable. Thus, comparing the
actual value and projected value of each variaéhehelp to find the actual variations of
each variable after the starting point of projectiBurther, the actual variation of a
variable can be decomposed into its own contrilnugiod the contributions from other
variables. Comparing decomposed contributions edmto find major and minor

drivers of actual variation.

The historical decomposition method originates ftbemoving average

representation model (MAR). The MAR is expressetbisws:

(2.1) R= Zeiut—i

i=0
where Rdenotes a vector that includes the n variableswusididyP, =[P, P, ---,P,] .

The subscript “t” represents time and the integ€&t$o “n” denote different variables

under study. is the summation operatio®.is a parameter matrix over “i” lags. u
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represents a vector of orthogonal innovations (sfjoeach of which only impact one

variable directly at time t. Equation (1) can beumtten as
00 k-1

(2.2) P = ZeiuT+k—i +ZeiuT+k—i
i=k i=1

where T is the date of event occurrence. Thetrsh on the right hand side of equation
(2) is the forecast of{R based on the information available before andna¢ fT, called
the base line (projection) or benchmark. The set¢erd equals the difference between

actual values and forecasted values of variabless. difference can be partitioned into

the contribution from each variable in periods TeIr+k. Equation (2) can be re-

expressed to illustrate this difference partition, @dhown in the equation (3) below.

n o k-1 k-1
Porek = Zzgq,j,iuj,T+k—i + qu,u Ui Z‘gq,z,iuz,nk—i
(2.3) L = = q=12...,n

[
et Zeq,n,i Un 1 ak-i

1
i1
wheref,; is the (q, j) element of the parameter ma®ix Equation (2).

Equation (3) shows the decomposition of the vaeidhht the time of T+kThe first
term on the right hand side of Equation (3) isfrecast of the variableygRt the time of
T+k. The second term denotes the contribution efiriable Pto the variable R The
third term denotes the variablg'$contribution to the variable,PThis partition can

illustrate how each innovation series pushes thiali@ value fluctuations and which

variables have major or minor effects during tineetiperiod of interest.

The MAR can be transformed into Vector Autoregrassnodel (VAR) with or

without error correction term, and vice versa. Thractically we should obtain the
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estimated result of VAR first, and then transfoms tresult into MAR, and finally work
the historical decomposition analysis through MARerefore, the VAR with error

correction term is described next.

VAR with Error Correction Term

The VAR with error correction term is a cointegch¥#AR model, also called as the
error correction model (ECM). This study followsys® previous literature and uses
VAR to denote VAR without error correction termdamses ECM to denote VAR with

error correction term.

When building multiple-variable time series modbgre are three commonly-
used models: VAR in levels, VAR in first differerscand ECM. Testing the
cointegration rank in ECM can help to decide whiobdel is appropriate. Here is the
decision rule: (a) if the tested rank equals nnilnaber of dependent variables in the left
hand of ECM model, each of these dependent vagaindevels, are stationary (as well
as their combination), and the VAR in levels isappropriate model; (b) if the tested
rank equals zero, none of these dependent variabdestationary as well as their
combination, and the VAR in first differences isappropriate model; (c) if the tested
rank is equal to the integer of r, greater thaw zerd less than n, some combinations of
these variables are stationary, while some of tkiagables are nonstationary, the ECM

model is an appropriate model.

The ECM model is expressed as follows:

k-1
(2.4) AR =TP_+> FAR, +®D, +¢  t=1..T,

i=1
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(2.5) Elee}=X.

Here Ris a vector of n variables under study, the saefimition as in Equation (1) is

the difference operatodAf, = B, —P_,); 1 andl" are nxn parameter matriced), is a

vector of deterministic variables such as a constmear trend, seasonal or intervention

dummies, and exogenous variablés;is a parameter matrix d,; and ¢, is a vector of

innovation (error) terms with & 5) covariance matrix .

The cointegration rank of ECM model is the rankpafameter matrix1. If the

matrix, I, has the reduced rank oflt,can be written d3 = af’'. Botha andp are

(nxr) matrices. These will be used in the exclusiohdesl weak exogeneity test as
discussed below. The rank, r, is also the numbeomitegration vectors among these
dependent variables in levels. The Trace testeigrditional test of cointegration rank
(Johansen and Juselius, 1990; Johansen, 1991 ntRedé&ang and Bessler (2005) apply
statistical loss functions to complement the Tr&se in selection of the rank number r.

This new method is used in this study.

Existence of the cointegration relationship impliest the variables involved in
the relationship build a long-run equilibrium amahgm. Thus it is necessary to
examine which variables are excluded from somdl ¢orag-run equilibriums. The long-

run exclusion test is designed for this examinatitsmhypothesis can be written as
(2.6) H: RS=0

Here R is a designed matrix of zeros and onesdlud& some variables out of the

cointegration space (Denis et al., 2005). Thisitegi check which rows ¢ are not
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significantly different from zero. The likelihoodtio test (Johansen, 1991; Johansen and

Juselius, 1990) is employed in this examination.

In addition, the weak exogeneity test can examow &ach variable responds to

the deviation from the long-run equilibrium. Thest hypothesis is expressed as follow:
(2.7) Hx: B'a=0

where B is a matrix of zeros and ones similar io0 Bquation (2.6); the element of
matrix, d, represents the short-run adjustment speed of\veaéble to disequilibrium in
the long-run relations. This test is to check whiaWws ofa are significantly different
from zero. The likelihood ratio test is also contegicto test this hypothesis (Johansen,

1991; Johansen and Juselius, 1990).

The parameters of equation (4) can provide infolmnadn long-run, short-run
and contemporary structure or pattern of the dateeation process. The long-run
correlation can be obtained frginthe short-run correlation can be achieved thraugh

and T, (Johansen and Juselius, 1994; Johansen, 1995u3yd€l95); Finally, the

contemporary structure on innovations can be ifledtvia the directed graphs analysis

of the correlation or covariance matrix @f .

We need the information on contemporary structuremconverting the
estimated ECM or VAR into the MAR with orthogonahbvations. The results of
graphs analysis with the Bernanke factorizatiorromee the arbitrary shortcoming of

the Choleski factorization, a traditional methodrofovation orthogonalization.
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(Swanson and Granger, 1997; Bessler and Lee, Zi€fjralp and Hoover, 2003).

Hence, this study summarizes the directed acycéiplgs (DAGS) next.

Directed Acyclic Graphs

The directed acyclic graphs (DAGSs) offer data bamadence on the contemporaneous
causation among innovations, which the Bernank®faation requires. This graph
analysis is used to show the causal flow amonges in question. We assume there is
no cyclic information flow among any of these vates. Arrows indicate the direction

of information flow between variables. There arerfpossibilities between any two
variables (for instance, &1d F): (a) there is no causal relation betweearid R (the

edge is removed); (b) Pauses AP, - B); (c) Rand R are both caused by a common
omitted variable (P~ B); (d) causal direction can not be identified besw®& and R (P,

0 P).

Fundamentally, DAGs are illustrations to repregbatconditional correlation

among a set of variables as implied by the recarproeduct decomposition:
(2.8) Pr(v,,V,,V5,-o,V,) = |'J Pr(v;|pa)

where Ris the probability of variablesws,, vs,..., vh. The symbol “péa refers to the
realization of some subset of the variables thatgae variable “i” in a causal chain.

These are called parents of variable “i”. And tiimbol [] refers to the product operator.

In applications, Fisher's Zof, j [KIn) = (K -3*2Ir(1+ o6, j [ K] 1-. i [KI)}. is

used to test whether conditional correlations ayeifscantly different from zero. Here n
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is the number of observation used to estimate letioas,p(i,j|k) is the population
correlation between series i and j conditioningseries k (removing the influence of
series k on each i and j), and |k| is the numbepoditional variables in k. If i, j and k
are normally distributed and r(i,j|K) is the sampdaditional correlation of i and j given

k, then the distribution ok(p(i, j | k)n) — z(r (i, j | k)n )s standard normal.

DAGs can be built through PC algorithm. This algon begins a complete
undirected graph, which shows an undirected edtyedes every variable of the system.
Edges between variables are removed sequentiadoan zero correlation or partial
correlation. Edges are directed by consideringesipX(] Y[ Z, such that X and Y are
adjacent as are Y and Z, but X and Z are not adfaBerect the (remaining) edges
between triples X-Y-Z as XY — Zif Y is not in the sepset of X and Z. Furthermafe
X =Y, Y and Z are adjacent, X and Z are not adjacamd, there is no arrowhead at Y,
then Y-Z should be positioned as-¥. Finally, if there is a directed path from Xt Y
and an edge between X and Y, then X-Y should béiposd as X~ Y. The PC
algorithm and its extensions are programmed irstfevare TETRAD IV (Scheines et

al., 1996). This study employs TETRAD IV to condD&G analysis.

Data and Al Event Time Window

This study focuses on poultry-related firms listedhe US public stock market. The
data in this study are the daily adjusted stockintpprices from 1 June 2001 to 16 April
2007. There are 1,532 observations on each pri@ss&he original data were obtained
from Yahoo Finance (2009) and transformed into r@iogarithmic form. Only five

firms are chosen due to data availability.
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Cal-Maine Foods (CALM), an US egg producer and g@ssor.

Sanderson Farms (SAFM), a US top 5 poultry prodandrpacker.

Tyson Foods (TSN), the biggest US producer andgramikchicken, beef and pork.

AFC Enterprises (AFCE), a US poultry-related restatiowner that runs Popeye’s

Chicken and Biscuits restaurant in North Americardpe and Asia.

Industrias Bachoco (IBA), the biggest Mexican pgufiroducer and processor
Among these five firms, only AFC Enterprises isoalfry food producer and

others are poultry meat/eggs producers. Thus AREranses is a downstream firm of

poultry meat/egg producers; other firms are upstréams of poultry food producers.

This paper investigates the impacts of Al outbreak&sia and the US in the
early 2004. The time window for Asian event is frBrdanuary 2004 to 10 February
2004, and the time window for the US event is frbinFebruary 2004 to 14 March 2004.
after Al was found, the poultry exporting of thossian countries and the US were
banned to export poultry meat. These events pravisigenario to verify our results from
the partial equilibrium model. In this scenario ga assume that between these two
periods only international trade factor changes @kporting is banned) and other
factors were held constant. The detailed infornma@in countries and dates of Al
outbreaks during this time period is recorded ip&mdix A. The Al virus found in Asia
is H5N1, which is highly pathogenic and can kiltlbhduman beings and animals. The
viruses found in US are H5N2 on 11 February 20@#H1nN2 on 23 February 2004.
The prior virus is lowly pathogenic and only hystsultry. The later one is highly
pathogenic and can Kill poultry, but not human gsirThe first case of human death

caused by H5N1 virus was announced on 11 Janu&ia0vietnam.
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Empirical Results

Results of Simple Statistics and ECM Model

These five stock prices and the Standard and Ribimelex (S&P500) are plotted over
the period 1 June 2001 through 16 April 2007 iruFég3. The plot of S&P500 gives us
a simple image of the behavior of the whole USistoarket during the period studied.
In the figure the continuous curves denote thekspoices or market index; the discrete
dots represent the declarations of Al outbrealoumtries. Figure 1 does not show

obvious linkages between stock prices and Al oatkseThus this study builds models

to explore their linkages.

Table 2 contains the descriptive statistics ofydesturns of these five stocks and
S&P500 index. Industrias Bachoco has the highestage daily returns and the lowest
coefficient variation among this price sample. G&line Foods has the highest standard
deviations and the second highest average dailyrmreAFC Enterprises has the second
highest standard deviation and coefficient variati8&P500 has the lowest average
return and standard deviation, and the highestficeait variation. These simple
statistical results suggest that these five firmesraarginally less risky than the S&P500

index. The following will check the time series peuties of these five stock prices.
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Table 3 presents both Dickey-Fuller (DF) and AugtedrDickey-Fuller (ADF)
tests on the null hypothesis that the stock priaden study is non-stationary. Both of
these tests imply the five stock price series arestationary in levels as the calculated
t-statistic is greater than the 95% critical vatdie2.98 in every case. The first difference
series of prices appear to be stationary in terth@B5% critical value for all stocks.
The residuals from these nonstationary tests stwgerious serial correlations under the

augmented tests, as their Q-statistics are beleve%h critical value.

Table 4 helps to decide the optimal lag number ARvVmodel in this study. This
table provides Schwartz information criterion (SEd)d Hannan and Quinnd
measures®) on alternative lag lengths from the unrestridtéR fit to these five series
in levels. The search of lag length is over the lafyzero through ten periods. Both SIC
and® reach their lowest values in a level VAR with dag. Thus one lag is considered

to be the optimal lag number for VAR in levels lmststudy.
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stock price in log vs. animal infections in Al events
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Figure 3. Plots of daily human death and daily stdcprices for five poultry related
firms publicly traded in US stock markets, 06/01/201-04/16/2007
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Table 2. Summary Statistics on Daily S&P500 Indexrad Daily Stock Return for
Five Poultry Related Firms Publicly Traded in US Sock Markets, 06/01/2001—
04/16/2007

Firms Mean |Mean Rank SD SD Rank Ccv CcVv
(%) (%) Rank
S&P500 0.010 6 1.00 6 100 1
AFCE 0.036 4 2.683 2 74.53 2
CALM 0.111 2 3.351 1 30.19 4
IBA 0.124 1 1.634 5 13.18 6
SAFM 0.099 3 2.402 3 24.26 5
TSN 0.036 4 2.119 4 58.86 3

Note: The entries in the column labeled ‘Mean’ refethe mathematic average of daily stock retom f
each firm listed in the far left-hand-most colunvepthe period under study. The column headed &y th
letter ‘'SD’ gives the standard deviation of daitgck return for the firm interested. The column desdh

CV give the coefficient of variation, calculatedsaandard deviation/mean for each firm. The rank on
means, standard deviations and coefficients ofitian are with respect to the six series listec lzad

are in the order of highest (1) to lowest (6).

Table 3.Tests for Non-stationarity of Levels and First Diferences of Daily Stock
Prices for Five Poultry Related Firms Publicly Traded in US Stock Markets,
06/01/2001-04/16/2007

Firms Dickey —Fuller Test Augmented Dickey Fuller
(DF) Test (ADF)
t-statistics | Q(3)-statistics | t-statistics| Q(3)-statistics
(p-value) (k) (p-value)

Levels of | AFC -1.83 13.66 (0.003) -1.47 (2)] 0.02 (0.999)

each series CALM -0.57 7.63 (0.054) -0.65(1)| 6.91(0.075)

IBA -0.38 5.95 (0.114) -0.35(1)| 2.93(0.402)

SAFM -1.59 6.65 (0.084) -2.10 (1)|] 5.16(0.161)

TSN -1.31 0.96 (0.810) -1.58 (1) 0.60 (0.896)

First AFC -41.84 9.07 (0.028) -30.59 (1) 0.05 (0.997

differences CALM -39.98 6.77 (0.079) -21.51 (2) 0.03 (0.998)

of each IBA -37.48 2.83 (0.418) -25.72 (1) 0.60 (0.896)

series SAFM -39.16 6.59 (0.086) -25.88 (1) 0.31 (0.958)
TSN -38.44 0.41 (0.938) -26.87 (1) 0.003 (1.000)
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Table 4.Loss Metrics on the Order of Lags (k) in a Log-levis Vector
Autoregression on Daily Stock Prices for Five Pouly Related Firms Publicly
Traded in US Stock Markets, 06/01/2001-04/16/2007

Lag =k SIC )
0 -13.84 -13.85
1 -37.48* -37.54*
2 -37.37 -37.49
3 -37.28 -37.45
4 -37.17 -37.40
5 -37.07 -37.36
6 -36.97 -37.31
7 -36.87 -37.26
8 -36.77 -37.23
9 -36.67 -37.18
10 -36.57 -37.13

Note: Metrics considered are Schwarz-loss (SL)Hadnan, and Quinn®l measure on lag length of a
levels vector autoregression:

SIC=log (| + (5k) (log T) / T,
M =log (['| + (2.01)* (5k) log (log T)) / T

whererl is the error covariance matrix estimated with 8k (the 1 represents a constant) regressors in
each equation, T is the total number of observatameach series, the symbol “ | | ” denotes the
determinant operator, and log is the natural lagari We select that order of lag that minimizes|tss
metric.

The asterisk( “* ") indicates minimum.




29

Table 5. Tests of Cointegration Rank among Daily 8tk Prices for Five Poultry
Related Firms Publicly Traded in US Stock Markets06/01/2001-04/16/2007

R P-R T* C (5%)* D*

0 5 76.10 75.74 R

1 4 36.05 53.42 F#

2 3 14.56 34.80 F

3 2 6.36 19.99 F

4 1 1.32 9.13 F
Note:

1) The trace test statistics from an ECM modeheke five stocks with the first difference of SPHGflex
as exogenous variables.

2) The number of cointegrating vectors ( r ) idddsusing the trace test with the constant witmiad a
outside the cointegrating vectors. The test stat{$) is the calculated trace test, associatetl thi¢
number of cointegrating vectors given in the ledtiti-most column. The critical values (C(5%)) aleta
from Table B.2 (within) and Table B.3 (outside)Hansen and Juselius (1995, p.80-81). The testigesu
presented in columns marked by an asterisk areiassd with a constant within the cointegratingtoes.
The column labeled “D*” gives our decision to rejéR) or fail to reject (F), at a 5 per cent lewél
significance, the null hypothesis of the numbecaihtegrating vectors (r=0,

r<i,..., 1< 5). Following Johansen (1992), we stop testinthafirst “F” (failure to reject) when
starting at the top of the table and moving seqakyfcross from left to right and from top to thettom.
The symbol (#) indicates the stopping point. Heeefail to reject the hypothesis that we have one
cointegrating vectors with constants in the coirdégg vectors. Recent work on the selection of the
number of cointegrating vectors has focused onugieeof information criteria (AIC or Schwarz loss).
Such criteria can be successfully applied to sbbth the lag length and rank problem; see Kapeganio
(2003) and Aznar and Salvador (2002).
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Table 5 provides the trace test statistics ondh& ofl1 from Equation 4. These
five stock prices work as dependent variables indiiqn 4, the S&P500 index as an
exogenous variable. This test examines both thebeuwf cointegration vectors and the
placement of constant in the ECM model (Johans@®],11992). The test procedure is
described briefly in the footnote to Table 5. Thél hypothesis of cointegration test first
fails to be rejected at the zero rank when thestedistic equal 64.68 less than the 95%
critical value of 68.68. This test result indicaties rank equals one -- there is one
cointegration relation among these five stock pseges. The conclusion of one rank
needs to be made with great caution because thareexogenous variable of the first

difference of SP500 index in the test model of ECM.

Table 6 helps to further examine the cointegratark of ECM model. This
table compares the Schwartz information criter®Cj and Hannan and Quinrds
measures®) between a difference VAR model and an ECM mod#i ane rank. Both
SIC and® from the ECM model are less than those values tl@V/AR model. This
comparison indicates the ECM model with one rankase appropriate for these five
price series other than the difference VAR modeTas the optimal rank of ECM
model is one. One rank implies that there is adamgequilibrium among these five
stock prices or its subgroup. What’s more, onetegiration rank indicates that the

matrix of 1 can be represented Bs= af', wherea is a one by five vector of

adjustment speed affids a one by five vector describing the long-runikorium of

these five price series.
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Table 6. Model Choice between Vector Autoregressiododel and Vector Error
Correction Model for Daily Stock Prices Five Poulty Related Firms Publicly
Traded in US Stock Markets, 06/01/2001—04/16/2007

Model SIC (0}
VAR -37.56 -37.63
VEC with one rank -37.61* -37.71*

Note: Metrics considered are Schwarz-loss (SL)adnan, and Quinn®l measure on lag length of a
levels vector autoregression:

LogDET =log (')
SIC=log([|+(Bk) (logT)/T,
M =log (['| + (2.01)* (5k) log (log T)) / T

whererl is the error covariance matrix estimated with 5k (the 1 represents a constant) regressors in
each equation, T is the total number of observatameach series, the symbol “ | | ” denotes the
determinant operator, and log is the natural lagari We select that order of lag that minimizes|tss
metric.

The asterisk( “* ") indicates minimum.
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Table 7. Schwarz Information Criterion and Hannan and Quinn’s @ on One to
Four Cointegration Rank and One to Five Lags on ECMModel for Daily Stock
Prices for Five Poultry Related Firms Publicly Traded in US Stock Markets,

06/01/2001-04/16/2007

One-lag Two- lags Three-lags Four-lags
Sic ® sic ® sic ® SIC ®

Rank=1
37.71* | -37.75* | -37.69| -37.75| -37.67  -37.74  -37.65 -37.73
Rank=2 | 3761 | -37.71 | -37.59| 3770, -375]  -37.60  -37.55 7.68
Rank=3 | 3751 | -37.66 | -37.49| -37.66  37.4]  -37.65  -37.45 7.68
Rank=4 | 3740 | 3761 | -37.38| 3761 3737  -37.60  -37.35 7.5
Rank=5 | 3726 | 3756 | -37.30| -37.58 3728 3757  -37.26 7.58

Note: Metrics considered are Schwarz-loss (SL)Hadnan, and Quinn®sl measure on lag length and
number of rank for an VEC model:

SIC=log([|+(Bk) (logT)/T,

M =log (]| + (2.01)* (5k) log (log T)) / T

whererl is the error covariance matrix estimated with 5k (the 1 represents a constant) regressors in
each equation, T is the total number of observat@meach series, the symbol “ | | ” denotes the
determinant operator, and log is the natural Idgari We select that order of lag that minimizesldss

metric.

The asterisk( “* ") indicates minimum.

Table 8.Tests on Exclusion from the Cointegration Space faDaily Stock Prices for
Five Poultry Related Firms Publicly Traded in US Sock Markets, 06/01/2001—

04/16/2007
Firm Beta Chi-squared P-value Decision
test

AFCE 1.00 18.52 0.00 R

CALM -0.004 0.00 1.00 F
IBA -0.34 9.50 0.00 R

SAFM 1.01 14.50 0.00 R
TSN -2.01 20.20 0.00 R

Note: Tests are on the null hypothesis that théquéar series listed in the far-left-hand colursmbt in
the cointegration space. The heading ‘decisiomited to the decisions t to reject (R) or fail jece(F)

the null hypothesis at a 5% level of significandader the null hypothesis, the test statistic sributed
chi-squared with one degree of freedom (exclusiomfthe entire cointegration space would imply one
restriction, as , based on results from Table Shaxee one cointegration vector).
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Recent work focuses on the use of information gateto select of number of
cointegration vectors (Chao and Phillips, 1999; Wand Bessler, 2005; Baltagi and
Wang, 2006). In Table 7 this study applies the tegration rank search method
discussed in Bessler and Wang (2005). Table 7 septse information criterion statistics
on jointly selecting the lag length and cointegmatrank. The SIC minimum of -37.71
appears in ECM model of one lag and one rank, as ttee® minimum of -37.75. This
result of rank and lag selection is consistent \lith combined results of Table 4 and

Table 6. This method avoids the problem the traserheets in this study.

Table 8 gives the results of the exclusion tedte fiull hypothesis of this test is
that the firm listed in the table is not in therdegration space. The exclusion test is
distributed chi-squared with one degree of freeddhis study rejects the null
hypothesis for Cal-Maine Foods at 5% significareesl, while it fails to reject the null
hypothesis for other firms at the same level. Téss result indicates that the long-run
equilibrium consists of Industrias Bachoco, Samalefsarms, Tyson and AFC
Enterprises. These four firms in equilibrium araming business related to poultry meat.
Cal-Maine Foods is a business related to egggetetted to poultry meat. The exclusion
of Cal-Maine Foods is reasonable. AFC EnterprisesSanderson Farms have the
positive signs of beta value, contrary to thosesigf Tyson Foods and Industrias

Bachoco.

The tests of weak exogeneity are presented ineTablhe null hypothesis of
this test is that each stock listed in Table 9 da#gespond to deviations from the long

run equilibrium. The likelihood ratio test statcstion these restrictions is distributed chi-
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squared with one degree of freedom (as we arenglacizero associated with firm j in
thea vector). At a 5% significance level, the hypottefer AFC Enterprises, Tyson
Foods and Industrias Bachoco are rejected, whiledth Sanderson Farms and Cal-
Maine Foods we fail to reject this hypothesis. Ties result indicates that both
Sanderson Farms and Cal-Maine Foods do not regpahé disequilibrium while AFC
Enterprises Tyson Foods and Industrias Bachoc&uther this result suggests
Sanderson Farms moves first when a shock hit tuk sharket while, AFC Enterprises,
Tyson Foods and Industrias Bachoco move and regjpaihe disequilibrium among
them. The alpha value corresponding to Tyson FeA<12, about twice as big as the
value of Industrias Bachoco. The alpha value of Affferprises is 0.009, one and half

times greater than the value of Industrias Bachoco.

The statistic results from Table 8 and Table 9 skiavMaine Foods is not part
of the long run equilibrium. This implies that Qdkine Foods is not related to the long
run equilibrium among the other four firms or tetady omits some firms which can
form new long-run equilibriums with Cal-Maine Foaalsd those four firms. The ECM
model also offers an alternative to tests on tHeafunonstationarity in Table 3. Table
10 presents this alternative test, whose null Hygsis is that the series is stationary.
Conditional on one cointegration vector suggesteddbles 6 and 7, this hypothesis
actually is a test of zero restrictions on fourabebefficients on the cointegration vector.
Under the null hypothesis the test statistic isritigted chi-squared with four degrees of
freedom. The null of stationarity is rejected fack series under a 5% significance level.
Thus all the price series are nonstationary inleVvihis result is consistent with the

results from Table 3.
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Table 9. Tests on Weak Exogeneity from the Cointegtion Space for Daily Stock
Prices for Five Poultry Related Firms Publicly Traded in US Stock Markets,
06/01/2001 — 04/16/2007

Firm Alpha Chi-squared P-value Decision
test
AFCE -0.009 5.05 0.02 R
CALM -0.008 2.16 0.14 F
IBA 0.006 6.60 0.01 R
SAFM -0.004 0.59 0.44 F
TSN 0.012 12.83 0.00 R

Note: Tests are on the null hypothesis that thidquéar series listed in the far left hand coluiamweakly
exogenous, i.e., that series does not respond rtarpations in the cointegration space. The heading
‘Decision’ relates to the decision to reject (R)fail to reject (F) the null hypothesis at a 5%dkof
significance. Under the null hypothesis, the teatistic is distributed chi-squared with one degoée
freedom. The null hypothesis, that firm does nepomnd, implies one zero restriction (on the alpladrim

of the error correction representation, see text

Table 10. Tests on Stationarity from the Cointegrabn Space for Daily Stock Prices
for Five Poultry Related Firms Publicly Traded in US Stock Markets, 06/01/2001—
04/16/2007

Firm Chi-squared test P-value Decision
AFCE 32.01 0.000 R
CALM 37.26 0.000 R

IBA 35.09 0.000 R
SAFM 32.99 0.000 R

TSN 33.19 0.000 R

Note: Tests are on the null hypothesis that théquéar series listed in the far-left-hand colunanris a
stationary vector. That is, tests are on the nyplothesis that the single cointegration vectoregrizecause
one of the individual series is itself stationathé series listed in the left-hand-most columstéionary
in its level). Under the null hypothesis, the t&sttistic is distributed chi-squared with four dsgyof
freedom. The heading ‘Decision’ relates to the fsieo’ to reject (R) or fail to reject (F), at a Sevel of
significance, the null hypothesis of stationarifittee series listed in the far-left-hand columritad table.
Tests of the null hypothesis of nonstationarityeggwith the tests reported here. Applying an apprate
5% critical value of -2.86 (reject the null foratios < -2.8), this study fails to reject the rutpothesis of
nonstationarity for each series. The reference iead Table 3.
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The estimated ECM model is represented as follows:

_APCALM [~ 0.008] i PCALM
AP, 0.006 Pea
AP, | =|-0.004[-0004 -034 101 -201 100] Py,
AP, 0.012 Py
(2.9) _A_PAFCE_t |~ 0-_009_ _PAFCE_t_l
025 -0.002
015 0.004
+| 058 -0.001|[APspo 1., +& t=1-.-T.
063 0.006
| 068 —0.004]

Results of Directed Acyclic Graphs

As discussed earlier, the innovation generated fittenECM model of Equation (4) is

used to study the contemporaneous causal relatibimsiovations through the directed
acyclic graphs (DAGs). Equation (10) gives the eamtoraneous correlation between
innovations in each of these five stock priceshim order: Cal-Maine Foods, Industrias

Bachoco, Sanderson Farms, Tyson Foods and AFCistes.

CALM IBA  SAFM TSN  AFCE

[ 1.000
(2.10) 0.055  1.000
cor (¢)=| 0.065 0.042 1.000
0.034 0.027 0.168 1.000
|-0.046  0.049 0.021 0.034 1.000
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The strongest correlation of 0.168 is between SaodeFarms and Tyson Foods.
It does make sense because they are competitorsafdr other in the poultry meat
industry. The correlation between Cal-Maine Foodd AFC Enterprises is negative.

Other correlations fall in the range from 0.02 1@/0with positive signs.

In term of the correlation matrix in Equation (1DAGs explores
contemporaneous causation flow among these fivak gtoces through PC algorithm.
The result of DAGs is shown in Figure 4. This figwhows that the directions are not
determined between Sanderson Farms and Cal-Mam@sFand between AFC
Enterprises and Industrias Bachoco at 10% sigméiedevel. DAGs’ results at 3% and
5% significance level (in Appendix B and C) heldital that innovation in Cal-Maine
Foods causes innovation in Sanderson Farms, aogation in AFC enterprises causes
innovation in Industrias Bachoco. Thus in this @ssructure, there are two information
sources -- Tyson Foods and AFC Enterprises, anday@ information sink --
Sanderson Farms. Sanderson Farms receives madogsdhom other four firms, and

has no influence on others. Two information trarssmin paths are discovered:

AFC Enterprises— Industrias Bachoco- Cal-Maine Foods- Sanderson Farms

Tyson Foods.

Historical Decomposition’s Results
This study further carries out the historical deposition analysis in terms of the
contemporaneous information transmission path bhedstimated model in Equation (9).

These results of decomposition analysis are predentTable 11 and Figures 5 to 9.
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Figure 4. Pattern found with PC algorithm with its P-value = 0.10 on innovations
from a VEC model on daily stock prices for five poliry related firms publicly
traded in US stock markets, 06/01/2001-04/16/2007

Table 11.The Period Effect of Al Outbreaks in Asia from 8 Jamary 2004 to 10
February 2004 and in USA from 11 February 2004 to3 March 2004.

Jan.8-Feb.10 Jan.8 — Feb.10| Feb.11 — Mar.15| Feb.11 — Mar.15
(Asia) (Asia) (USA) (USA)

Firm | Price growth rate Average daily| Price growth rate Average daily
return rate return rate
CALM 17.01% 1.18% -13.06%* -0.52%*
IBA 14.26% 0.59% -7.48% -0.33%
SAFM 37.32% 1.43% -9.62% -0.42%
TSN 23.07% 0.94% 0.12% 0.02%
AFCE 12.90% 0.61% 10.47% 0.44%

Note:

(a) Price growth rate = (stock price artimg date)/(stock price at end date)-1.

(b) Daily return rate = (stock price at $tock price at t-1)/stock price at t-1.

(c) * denotes the period from 17 Februz094 to 15 March 2004.
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The historical decompositions display the evolutidil outbreak shocks
through the system using graphs. Each figure assfib-graphs. Each sub-graph shows
three series of price: actual price projected (fasted) price, and contribution from each
individual firm over the period of decompositionadysis. These three series are derived
from Equation (3). The actual price for each stisck black solid line, the projected
price in blue line, and the contribution from adiindual firm in green line. This actual
price is plotted the same across each of the fibegsaphs of any figure. So is this
projected price. The contributions from each indal firm are plotted in the sub-
graphs respectively. This study also adds a véttieain these figures, indicating the

first date of Al outbreaks.

Table 11 and Figures 5 to 9 describe the impac#d olitbreaks in Asia on these
five stock prices. Figure 5 represents the decoitipngor the stock price of Cal-Maine
Foods in the logarithm form. In this figure thedtgrice of Cal-Maine Foods has a
rising trend following the first Asian Al outbreaRuring the period of Asian events, its
stock price growth rate and average daily retuunaed7.01% and 1.18% respectively
shown in Table 11. Thus, generally the Al outbreiak&sia raised the stock price of
Cal-Maine Foods. This finding is consistent witk theoretical impacts of Al outbreaks
summarized in Table 1. This figure also shows AFeErises had more negative

effect on Cal-Maine Foods than other firms did.

Figure 6 provides the decompositions for Industiashoco. In this figure its
actual price has a growing-up trend following tlistfAl outbreak in Asia. Its actual

price has a growth rate of 14.26% and an averaigeréturn of 0.59% shown in Table
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11. Thus, generally the Al outbreaks in Asia raigesistock price of Industrias Bachoco.
This finding is consistent with the theoretical map of Al outbreaks in Table 1. Figure
6 also shows that AFC Enterprises had more positfugence on Industrias Bachoco

than others did.

Figure 7 gives the decompositions for Sandersom&asanderson Farms has a
rising trend of price following the first Al outba& in Asia. Its growth rate and average
daily return equal 37.32% and 1.43% during the Asiatbreak period, shown in Table
11. Thus, generally the Al outbreaks in Asia raidezlstock price of Sanderson Farms.
This finding is consistent with the theoreticaluksin Table 1. Moreover, Tyson Foods

have more big positive effect on Sanderson Farnbsrin of Figure 7.

Figure 8 shows the decompositions for Tyson Fodgson Foods has the
similar story to Sanderson Farms. Its price gronate and average daily return equal
23.07% and 0.94% during the Asian outbreak pesbhdwn in Table 11. Thus,
generally the Al outbreaks in Asia raised the stogk&e of Tyson Foods. This finding is
consistent with the theoretical impact of Al outike in Table 1. Moreover, AFC

Enterprises had more positive influence on TysoodSdhan other firms did in Figure 8.
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historical decomposition of CALM
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Note: each panel gives the projection of the stock price of Cal-Maine Foods (), the contribution
of shocks in the series given in the panel label to the stock price of Cal-Maine Foods ( ), and the
actual price of Cal-Maine Foods ( ). The vertical shades denote the dates of Al outbreaks

Figure 5. Plots of historical decompositions of CaWlaine Foods from 8 January
2004 to 10 February 2004
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historical decomposition of IBA

effect of CALM effect of TSH
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Note: each panel gives the projection of the sfwide of Industrias Bachoco (), the contributidn o
shocks in the series given in the panel labelg¢ostbck price of Industrias Bachoco ( ), and tttea
price of Industrias Bachoco ( ). The vertical #mdenote the dates of Al outbreaks

Figure 6. Plots of historical decompositions of Indstrias Bachoco from 8 January
2004 to 10 February 2004



historical decomposition of SAFM

effect of CALM effect of TSN
160 160
355 355
40 40
4 148
LE 4
kR kR
330 3.30
335 L == . 335 I —_— —
e St =
e L A A B By B e UL A A B B
T PS8 7 R0 RNBUEENNNNNHTNRN0I I 486010 P28 8780 RNMEHNINRBHTBNNLI 458010
January January
effect of IBA effect of AFCE
160 160
356 356
40 40
4 148
LE 4
kR kR
3.0 330
135 e 125 e
S S
i T T T T T T T T T T T T T T T T T T T T T T T T T 7171 0 TT T T T T T T T T T T T T T T T T T T T T T T T 1T 11
1288780 RRIMEENNNIRRETRNNLI4EE6 010 TIEE T 80N MISENANNNITB0NTI4I50010
January January
effect of SAFM
160
58
40
345
LE
kR
kR
325 w
S
30 T T T

T 1T T Tt T T T T T T T 17T T T I T1r7
TTEE T B0 RBUEENNNNHTBN0TI 45601

January

43

Note: each panel gives the projection of the sfate of Sanderson Farms (), the contributionhafcks
in the series given in the panel label to the stodke of Sanderson Farms ( ), and the actuakpsfc
Sanderson Farms ( ). The vertical shades denetgates of Al outbreaks

Figure 7. Plots of historical decompositions of Saterson Farms from 8 January
2004 to 10 February 2004
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historical decomposition of TSN
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Figure 8. Plots of historical decompositions of Tym Foods from 8 January 2004 to
10 February 2004
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historical decomposition of AFCE
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Note: each panel gives the projection of the sfwide of AFC Enterprises (), the contribution bbsks
in the series given in the panel label to the sfmade of AFC Enterprises ( ), and the actual o€
Enterprises ( ). The vertical shades denote ttesd# Al outbreaks

Figure 9. Plots of historical decompositions of AFE&nterprises from 8 January
2004 to 10 February 2004
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Figure 9 shows the decompositions for AFC Enteesti®\FC Enterprises has
positive trend of price following the Al outbrealksthe graphs. Its price growth rate and
average daily return equal 12.90% and 0.61% duhacfl outbreak period in table 11.
This finding seems not to be consistent with tremthtical result in Table 1.
Considering AFC Enterprises has some of its owtaveants in those infected Asian
countries, Thus, AFC Enterprises can be regardedfias in a country infected by Al
virus to some degree. The price growth is consistéth the theoretical impact of Al

outbreaks.

Table 11 and Figures 10 to 14 describe the impaH®s outbreaks in the US on
these five stock prices. Figure 10 shows the decsitipn for the stock price of Cal-
Maine Foods during Al outbreaks in the US. Cal-Maioods had a decreasing trend of
stock price from 17 February 2004 to 15 March 28fddr the first US announcement of
Al on 11 February 2004. Its growth rate and aveajl return equal -13.06% and -
0.52% respectively from 17 February 2004 to 15 M&©04, shown in Table 11. Thus,
generally the Al event in the United States dropiedstock price of Cal-Maine during
this period. This finding is consistent with thedinetical result in Table 1. Other firms

almost have no effect on Cal-Maine Foods.

Figure 11 presents the decomposition for the spoide of Industrias Bachoco.
The figure shows Industrias Bachoco had a decrgasend following the first
announcement of Al infection in the United Stafdse growth rate and average daily
return of its stock equal -7.48% and -0.33% shawhable 11. Thus, generally the Al

events in the United States dropped the stock pfitedustrias Bachoco. This finding is
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not consistent with the theoretical impact in Tabl& his inconsistence could be due to
the close relation between US and Mexico, whicHattead to a high probability of

spreading the Al virus from US to Mexico and higtiklexican poultry industry.

Figure 12 shows the decomposition for Sandersom$-during the Al events in
the United States. Its stock price has a decredseng following the first announcement
of Al infection in the figure. Its growth rate aiogk price and average daily return equal
-9.62% and -0.42% shown in Table 11. Thus, genetladl Al events in the United
States dropped the stock price of Sanderson Fainsfinding is consistent with the
theoretical impact in Table 1. Moreover, Sandeisarms is negatively impacted by

other firms, especially by Tyson Foods in term igjufe 12.

Figure 13 shows the decomposition for Tyson Foadsd the Al events in the
United States. In the figure the price curve ofdry§oods looks like a valley. The price
went down following the first announcement of Alaation, reached its lowest point on
24 February 2004, and then rose up to fluctuateratdts projection. Its growth rate of
stock price and average daily return are 0.12%0a0206, very close to zero, shown in
Table 11. Thus, generally the Al events in the &hiStates dropped the stock price of
Tyson Foods from February 11 to February 24, arsgdat after February 25. The first
part of price decreasing is consistent with theteecal impact in Table 1. The second
part of price recovery could be due to the reaBahTyson Foods is not only one of the
biggest poultry meat producers but also one obthgest beef and pork producers. It

can benefit from Al outbreaks. Moreover, other raimost did not impact Tyson Firms.
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2004 to 15 March 2004
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Figure 12. Plots of historical decompositions of $@erson Farms from 11 February
2004 to 15 March 2004
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Figure 14 presents the decomposition for AFC Emisgp during the Al events
in the United States. AFC Enterprises had a growigd of price following the first
announcement of US Al infection. Its growth ratepate and average daily return are
10.47% and 0.44% shown in Table 11. Thus, the &h&yin the United States raised
the stock price of AFC Enterprises. This findingahsistent with the theoretical impact

in Table 1. And other firm almost had no impactsA®C enterprises.

The empirical impacts of Al outbreaks support tkpeeted impacts of Al

outbreaks we obtain in this study.

Conclusions

This paper explores the impact of Al events on spmétry-related stock prices. At first,
this study employs the partial equilibrium analysisdeduce expected impacts of Al
outbreaks inside or outside a poultry exportingndtpuas they influence poultry meat or
egg producers and poultry food producers; thenviéstigates how Al outbreaks in Asia
and US affected five poultry-related firms publidsaded in the US stock market
through the historical decomposition analysis aaecter error correction model. Recent
developments in search method of cointegration eanikdirected graphs are applied in
this study as well. Empirical results support tRpexted results: Al outbreaks inside the
country drop stock prices of poultry meat producamsl raise stock prices of poultry
food producers; Al outbreaks in other poultry meghorting countries raise stock prices
of poultry meat producers and drop stock pricepafltry food producers. The change
of international trade after Al outbreaks may catlisebehavior changes of those firms’

stock pricesThis study is the first one to theoretically andpamsally investigate the
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firm-level Al outbreaks impacts. It is the first ento employ the historical
decomposition to analyze stock price behaviors. s€héndings have not been

documented in previous literature.

This study has some other empirical findings orse¢hive firms under study.
First, this study finds a long-run equilibrium angothese five firms. Tyson Foods,
Sanderson Farms, Industrias Bachoco and AFC Eidegpare tied together by this
dynamic equilibrium relation, whereas Cal-Maine &®a@re excluded. That finding is
reasonable because main products of the firmstbigether are related to poultry meat
while Cal-Maine is an egg producer, not a poultatmproducer. Second, Tyson Foods
and Industrias Bachoco and AFC Enterprises respmtige deviations from their long-
run equilibrium and make some adjustments. It lobled Sanderson Farms is a market
leader, and Tyson Foods, Industrias Bachoco and BR€rprises are market followers
when an outside shock affect these four stock griddird, the adjustment speed of
Tyson Foods is about twice as big as the one aidinhs Bachoco; the speed of AFC
enterprises is one and half times as big as thebhelustrias Bachoco. It could be that
Tyson Foods and AFC Enterprises are US firms ancermsensitive to the change of
other related US firms. Finally, the contemporarsecausal structure is discovered

among the five firms using the graphs analysis:ohySoods» Sanderson Farms; AFC

Enterprises- Industrias Bachoco, Cal-Maine Foods- Sanderson Farms.

The findings of this study carry some important licgtions. First, this study
provides evidence that Al outbreaks in differenumoies have significant different

effects on stock price behaviors of poultry-relatechs. Second, the model and its
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results in this study can be used to analyze tipaats of other animal diseases or food
safety events on related firms. Finally, this stedpn help understand how the change of

international trade affects stock prices of thates firms.

With respect to further research, this study ondgineines poultry-related firms.
Actually the firms affected by Al outbreaks are rimited in poultry-related firms.
More firms in other industries can be included irdsearch target group, like medicine

production, insurance and tourism.
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CHAPTER Il
DO AVIAN INFLUENZA OUTBREAKS CAUSE STRUCTURAL

BREAKS OF COINTEGRATED VAR MODEL?

This essay extends the first one and examine wh#theAl causes multiple structural
changes in a cointegrated vector autoregressivehiGadintegrated-VAR) of stock

prices assuming unknown break dates.

Hansen and Johansen (1999) and Seo (1998) stuatiezl gructural change tests
for one break point in cointegrated-VAR model waiiunknown break date. Hansen
(2003) did the multiple-break test with known bretzites. And Bai (2000) and Qu and
Perron (2007) provided the break date estimatiothookeof multiple structural changes
in VAR or multiple equation system with unknown &kedates and without
cointegrating variables in models. Awokuse, Chaprd Bessler (2009) used rolling
cointegration test to examine the cointegratiork reimange with unknown change dates.
Thus this article is the first one to compute brdates in cointegrated-VAR model with

multiple breaks and unknown break dates.

This article finds two break points, 20 March 2@0®I 08 March 2005. These
break points divide the whole sample into thregsp&omparing the long run, short run
and contemporaneous relationship of the data samplgch sub-period, this study
proves these three sub-sample are significantfgreifit along with discussion on

models in each sub-period. The avian influenzareaits are not the events to cause
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breaks. Invading Iraq on 20 March 2003 and Banflagadian live cattle from entering

the US could be the most possible event to caesettwo breaks.

The remainder of this essay is organized as folldwe section provides
empirical research methodology. The third part dbss the data and events of avian
influenza outbreak. The fourth section presentsieoapresults of the structural

changes. Conclusions are offered in the last sectio

Research Methodology

The Statistical Model

The cointegrated VAR model, or ECM, with constapefticients is expressed as follow:

k-1
(3.2) AR =afP_+> AP, +®D +¢ t=1...T,

i=1
Here Ris a vector of n variables under studyis the difference operator
(AR, =R -PB_)); Botha andp are (hxr ) matricesf” arenxn parameter matrixp, is

a vector of deterministic variables such as a eoristinear trend, seasonal or

intervention dummies, and exogenous variabfess a parameter matrix dd,; and &,

is a vector of innovation (error) terms wiilkd (0,Q ard a fixn) covariance matrif .

Following Hansen (2003), this work assumes thatkethee m break points during

the studied time periody, ... , Tm, WwhereO<T, <---<T_ <T . The coefficients in the

model are changed in the 1break points. Thus thiei@) are generalized as

(32)  BR =a()BE)PL+S TR, +OOD, +&  t=1..T,
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The coefficients are constant within each brokaretsection, and different between

those sections and expressed by

(33) a(t)ﬂ(t)’ = allgllllt et am+1ﬂr'n+11m+1t '
(3-4) ri (t) = rl,tlit Tt rm+l,i1m+lt’ i = l---’k -1

(35) o)=L+ +P 1

m+1=-m+1t

wherel, =T, +1<t<T,), j=1--,m+1lwith T,=0andT,, =T.LetZ, =APR,

I

th = (11t Pt""'vlmﬂt Pt’) ) ZZt = (Apt'—ll""AR'—kﬂ) ) and ZZt = (11t Zzn'" ’lthZt) . Further’

this study setA = (a,,--,a,.,), B=diag(8,,--,f,.,) andC = (¥,,---,¥_.,), where

Y T mHl

W =", ,®), i =1, m+1 The equation (2) can be transformed into
(36) Z,=ABZ,+CZ,+¢& , t=1...,T,
This study continues to transform equation (6):into
(3.7) R,=apfR, +&, t=1...T,
T
whereM, =T™*> 7,7}, R, =Zy ~M,M,Z,, andR, =Z, ~-M,M;Z,,. The
t=1

equation (6) is a reduced rank regression. Itsnesibns ofa, B areQ are expressed as

a(B)=S,8(85.8)" Q(B)=S, -S,8(85.8)" S, andp is the eigenvector of

181 =~ S16S0 S| = 0, whereS; =T R R; .
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Method to Estimate Break Dates

When estimating multiple break points, the estimdteeak points(T ,~-~,Tm) should
expressed as

3.8) (T, T,)=argming .S (T, T,),

Bai and Perron (1998, 2003b) advocated the dynpmigramming algorithm to
compute the global minimization of the overall sahsquared residuals in a single
equation with multiple breaks; Qu and Perron (2Cf#ployed this algorithm in a
multiple-equations system with multiple breaks. Bjpglication of the dynamic
programming in estimating structure breaks is thghty described in Bai and Perron
(2003b) and Hawkins (1976). Thus the detail of gl this algorithm is omitted in this

study.

Test Statistics for Multiple Breaks

The information criterion is commonly used to seldée model. Yao (1988), Kim (1997)
and Bai (2000) suggested Bayesian informationraoitg BIC) can be used to detect the

number of structural breaks:

(3.9  §=argmin,, BIC(q)

@.10)  BiC(a)=log(e(a))+ [k alk + )T

wherek is the number of regressors agg,, is a given upper bound for the true break

number,q. And § is a consistent estimator gf.
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Bai and Perron (1998) developed a testjgérsusq+ 1breaks. This test
concludes for a rejection in favor of a model with- 1breaks if the overall minimal
value of the sum of squared residuals fromdhe bredk model is sufficiently smaller

than the sum of squared residuals from glieeak model. This test is defined by

A

F, (q +]lq):isr (Tl,...,‘fq)_ min inf Sr(fl,...’fi_l,r’ﬁ ’-fq)}/&z’

I<i<q+l

whereT is the additional break point. And’is a consistent estimate of variance of

residuals from theybreak model. Bai and Perron (1998) also providtbke for

asymptotic critic values of this test.

Data and Al Outbreaks

This study focuses on poultry-related firms listedhe US public stock market. The
data in this study are the daily adjusted stockinlpprices from 1 June 2001 to 16 April
2007. There are 1532 observations in each pricess@ihe original data were obtained
from Yahoo Finance (2009) and transformed into r@fogarithmic form. Due to data
availability, only five firms are chosen: AFC Enteses (AFCE), Cal-Maine Foods

(CALM), Industrias Bachoco (IBA), Sanderson Fari@aFM), and Tyson Foods (TSN).

Cal-Maine Foods, an US egg producer and processor.

Sanderson Farms, a US top 5 poultry producer ackepa

Tyson Foods, the biggest US producer and packehnioken, beef and pork.

AFC Enterprises, a US poultry-related restauramevthat runs Popeye’s Chicken and
Biscuits restaurant in North America, Europe antAs

Industrias Bachoco, the biggest Mexican poultrydpicer and processor.
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During the period from 1 June 2001 to 16 April 208Y outbreaks which caused
poultry and human infections clustered in two pasiadhe first one from December 2003
to April 2004 in East Asia and the second from dan2006 to April 2006
simultaneously in Asia, Africa and Europe. The hanrdections or deaths could lead to
the reduction of poultry consumption, while the fpguinfections and slaughter could
cause the decrease of poultry production. Thusublireaks are able to make stock
prices of poultry-related firms to fluctuate iniglbange in the short run. The related
research is done in Huang (2008). This articlenerstudies whether Al outbreaks
cause the structural breaks of model which desent@/ements of these five stock

prices.

Empirical Results

During the whole sample period, these five stot&epseries are nonstationary in levels
and stationary in first differences, as Dickey-Butiests and Augmented Dickey-Fuller
tests indicated. Both Schwartz information criteremd Hannan and Quinrds
measures determine that the optimal lag numbenedar a vector autoregression of
these five stock prices in levels. The cointegrat@nk is one among these five price
series in term of trace tests and the cointegratg@mch method proved by Bessler and

Wang (2005). The cointegration vector(is0.004 -034 101 -201 1.00) in the

whole sample period. The detail on these resultsadable in Huang (2008).

Dates and Statistics of Structural Change Points

For the purpose of simplicity of test, this artialkesumes that in each sub-sample the

cointegration rank is one as in the whole samphe blling cointegration rank test with
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200-day window also supports the assumption ofrank in each sub-sample. The
result of rolling cointegration test is shown inggndix H and I. And the model is
assumed to confront the full structural change.tTinsans all the coefficients vary in
each sub-sample, including cointegration vectgysithent vector, coefficient vector of
lag dependent variables and exogenous variablesety, the break points are
unknown in this study. Hansen and Johansen (19895a0 (1998) also studied some
structural change tests for one break point integirated-VAR model with unknown

break dates. Hansen (2003) did the multiple-breakwith known breaks.

Table 12. Dates and Statistics of Break Points, @8/2001-04/16/2007

Number of Break dates RSS SIC H&Q AIC
break points
=0 0.3522| -37.544 -37.621 -37.712
=1 23 Jan.2004 0.02757 -39.924 -40.076 -40.259
=2 19 Mar2003, 07Mar 20050.00536| -41.394* | -41.622*| -41.897*

Note: the break dates are determined by the glob@amum of sum of squared residual (RSS) when there
are 0, 1 or 2 break points respectively in the whadriod. And the values of Schwartz information
criterion (SIC) and Hannan and Quin®s(H&Q) are calculated from a cointegrated-VAR modéh

known break dates obtained in the second column.

This article uses the dynamic programming algoritbroompute the global
minimum of sum of squared residuals for the coiratgl-VAR model of these five
stock prices when one break or two breaks with onkndates exist respectively. Table
12 gives the computed results of break dates Wwalgtobal minimum of sum squared
residuals. The break date is 23 January 2003 écdlse of only one break point. At that
day Thailand declared the H5N1 avian influenza maks in its inland at the first time.
And its poultry export was banned in the followihays. In the two break points case,
19 March 2003 and 07 March 2005 are selected dsrédak dates. 20 March 2003 is the

day on which US army invaded into Iraq. Around thatiod the worldwide stock
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markets confronted huge fluctuation of their stpdkes, including US stock markets.
On 3 March 2005, a federal court requested to laama@ian cattle from entering the US
That is good news for US beef producers, and aldioactly benefits poultry producers

in the US because of substitute effect.

How can we choose the number of break points? Y88§), Kim (1997) and
Bai (2000) used Bayesian information criterion (Bt€ detect the number of structural
breaks. This article uses Akaike information craer(AlC), BIC and Hannan and
Quinn’s® (H&Q) to pick up the optimal number of structuchlanges. Their estimation
results are shown in the table 1 too. The valughrek information criterions for two
breaks are less than the values for one break break in model. Thus the selected
model prefers two breaks than one break. That m&aas influenza outbreaks in early
2004 did not change the long run movement relatipnamong these five prices, or did
not change the structure of model for these fivegst The structural changes on 20
March 2003 and 08 March 2005 are more significaaihtthe one on 23 January 2004.
And why does the one break test not choose onatesdhe two break test picks up?
That could be that both the two breaks are tomgtrdhe test can not distinguish which

one is more significant, so picks up a point betwéhese two dates.

Comparison Analysis among Three Sub-samples

In term of the previous analysis, the whole sanpeleod is divided into three sub-
sample periods on the date of 20 March 2003 and&8h 2005. These two break
points should be caused by some events happerongathese two dates. The two

events mentioned previously could be or not be¢hkevents to break the model's
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structure. We examine the model in each sub-saraptefind what different variations
happening in each period. Through those differengesan check the whether the
structural break test works well, and can also timeclues to identify which events
could be the true reason of structural breaks.

This study uses the Dickey-Fuller test and Augmeéitiekey-Fuller test to
examine the data in these three sub-periods regelgciand finds all the five stock price
series are still nonstationary in levels and stetrg in the first differences at the
significance level of 5%. And both Schwartz infotroa criterion and Hannan &
Quinn’s® pick up one as the optimal number of lags in &well VAR model for these

five price series in each sub-periods.

Table 13 gives the results of trace test, a coratemn rank test, for these five
stock prices in the first sub-period from 01 JuB@2to 19 March 2005. Table 14
provides their test results in the second sub-gdefiiable 15 does the same in the third
sub-period too. These test results show that theegration rank is zero for these five
prices in the first period and the third at thendiigance level of 5%. In other words,
these prices have no statistically significant lomg equilibriums among them. The
cointegration rank is one in the second period f&ihMarch 2003 to 07 March 2005.
Awokuse, Chopra and Bessler (2009) found that m&jents in global financial markets
caused the intensified cointegration relation amiatgrnational stock markets.
Elyasiani and Kocagil (2001) observed that thensifiied cointegration among currency
markets coincided with major events in the natiavajlobal financial markets. Thus
this finding of cointegration relation implies theamething happening around 20 March

2003 intensified the cointegration relation amadmese prices.
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Table 13 Tests of Cointegration Rank among Daily Stock Pricefor Five Poultry
Related Firms Publicly Traded in US Stock Markets06/01/2001-03/19/2003

R P-R T |[C(5%)* | D* T C (5%) D
0 5 7131 | 75.74 F# 68.33 | 68.68 F
1 4 35.77 | 53.42 F 33.32 | 47.21 F
2 3 21.63 | 34.80 F 19.32 | 29.38 F
3 2 9.84 | 19.99 F 7.61 | 15.34 F
4 1 2.76 9.13 F 1.61 3.84 F

Note: The trace test statistics from an ECM mod¢hese five stocks without any dummy or exogenous
variables.

Note: The number of cointegrating vectors ( rtested using the trace test with the constant aitnid
outside the cointegrating vectors. The test staf{$j is the calculated trace test, associated tie
number of cointegrating vectors given in the ledfttfi-most column. The critical values (C(5%)) aleta
from Table B.2 (within) and Table B.3 (outside)Hansen and Juselius (1995, p.80-81). The testigesu
presented in columns marked by an asterisk areiassd with a constant within the cointegratingtoes.
The un-asterisked columns are associated with éest® constant in the cointegrating vectors, but a
constant outside the vectors. The column label€dylizes our decision to reject (R) or fail to rej€E),

at a 5 per cent level of significance, the null ttyyesis of the number of cointegrating vectors (r=0
r<i,...,< 7). Following Johansen (1992), we stop testinthaffirst “F” (failure to reject) when
starting at the top of the table and moving sedalyacross from left to right and from top to thettom.
The symbol (#) indicates the stopping point. Heeefail to reject the hypothesis that we have one
cointegrating vectors with constants in the coiraéigg vectors. Recent work on the selection of the
number of cointegrating vectors has focused om#ieof information criteria (AIC or Schwarz loss).
Such criteria can be successfully applied to sbbth the lag length and rank problem; see Kapesanio
(2003) and Aznar and Salvador (2002).
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Table 14. Tests of Cointegration Rank among DailytS8ck Prices for Five Poultry

Related Firms Publicly Traded in US Stock Markets03/20/2003-03/07/2005

R P-R T | C(5%)*| D* T C (5%) D

0 5 92.67 | 75.74 R 80.77]  68.6§ R
1 4 46.11 | 53.42 F# 36.85| 47.2] F
2 3 22.63 | 34.80 F 16.90  29.34 F
3 2 7.65 19.99 F 6.93 15.34 F
4 1 0.98 9.13 F 0.28 3.84 F

Note: The trace test statistics from an ECM mod¢hese five stocks without any dummy or exogenous

variables.

Note: The number of cointegrating vectors ( rtested using the trace test with the constant avitinid

outside the cointegrating vectors. The test stat{$) is the calculated trace test, associatetl thi¢

number of cointegrating vectors given in the ledtiti-most column. The critical values (C(5%)) ateta
from Table B.2 (within) and Table B.3 (outside)Hansen and Juselius (1995, p.80-81). The testigesu
presented in columns marked by an asterisk areiassd with a constant within the cointegratingtoes.
The un-asterisked columns are associated with éest® constant in the cointegrating vectors, but a
constant outside the vectors. The column label€dylizes our decision to reject (R) or fail to rej€E),
at a 5 per cent level of significance, the null tiyyesis of the number of cointegrating vectors (r=0
r<i,..., I< 7). Following Johansen (1992), we stop testinthafirst “F” (failure to reject) when
starting at the top of the table and moving sedalyacross from left to right and from top to thettom.
The symbol (#) indicates the stopping point. Heeefail to reject the hypothesis that we have one
cointegrating vectors with constants in the coirdégg vectors. Recent work on the selection of the
number of cointegrating vectors has focused onutleeof information criteria (AIC or Schwarz loss).
Such criteria can be successfully applied to sbbth the lag length and rank problem; see Kapeganio
(2003) and Aznar and Salvador (2002).
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Table 15. Tests of Cointegration Rank among DailytS8ck Prices for Five Poultry

Related Firms Publicly Traded in US Stock Markets03/08/2005-04/16/2007

R P-R T | C(5%)*| D* T C (5%) D

0 5 5472 | 75.74 F# 50.88]  68.68 F
1 4 3158 | 53.42 F 27.97] 47.21 F
2 3 1556 | 34.80 F 13.07]  29.39 F
3 2 7.45 19.99 F 4.96 15.34 F
4 1 2.48 9.13 F 0.01 3.84 F

Note: The trace test statistics from an ECM mod¢hese five stocks without any dummy or exogenous
variables.

Note: The number of cointegrating vectors ( rtested using the trace test with the constant avitinid
outside the cointegrating vectors. The test stat{$) is the calculated trace test, associatetl thi¢
number of cointegrating vectors given in the ledtiti-most column. The critical values (C(5%)) ateta
from Table B.2 (within) and Table B.3 (outside)Hansen and Juselius (1995, p.80-81). The testigesu
presented in columns marked by an asterisk areiassd with a constant within the cointegratingtoes.
The un-asterisked columns are associated with éest® constant in the cointegrating vectors, but a
constant outside the vectors. The column label€dylizes our decision to reject (R) or fail to rej€E),

at a 5 per cent level of significance, the null tiyyesis of the number of cointegrating vectors (r=0
r<i,..., I< 7). Following Johansen (1992), we stop testinthafirst “F” (failure to reject) when
starting at the top of the table and moving sedalyacross from left to right and from top to thettom.
The symbol (#) indicates the stopping point. Heeefail to reject the hypothesis that we have one
cointegrating vectors with constants in the coirdégg vectors. Recent work on the selection of the
number of cointegrating vectors has focused onutleeof information criteria (AIC or Schwarz loss).
Such criteria can be successfully applied to sbbh the lag length and rank problem; see Kapeganio
(2003) and Aznar and Salvador (2002).
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Table 16. Tests on Exclusion from the Cointegratiospace for Daily Stock Prices

for Five Poultry Related Firms Publicly Traded in US Stock Markets,

03/20/2003-03/07/2005

Firm Beta Chi-squared P-value Decision
test
AFCE 1.00 24.22 0.00 R
CALM -0.087 7.27 0.01 R
IBA -0.510 15.29 0.00 R
SAFM -0.113 0.53 0.47 F
TSN 0.009 0.00 1.00 F

Note: Tests are on the null hypothesis that théquéar series listed in the far-left-hand colummbt in
the cointegration space. The heading ‘decisiorted to the decisions t to reject (R) or fail tece(F)

the null hypothesis at a 5% level of significandeder the null hypothesis, the test statistic sritiuted
chi-squared with eight degree of freedom (exclugiom the entire cointegration space would implgon
restriction, as , based on results from Table Shaxee one cointegration vector).

Table 17. Tests on Weak Exogeneity from the Cointegfion Space for Daily Stock
Prices for Five Poultry Related Firms Publicly Traded in US Stock Markets,
03/20/2003-03/07/2005

Firm Alpha Chi-squared P-value Decision
test
AFCE -0.096 23.71 0.00 R
CALM 0.005 0.03 0.86 F
IBA 0.019 3.44 0.06 R
SAFM 0.042 4.95 0.03 R
TSN 0.028 5.42 0.02 R

Note: Tests are on the null hypothesis that thidqodar series listed in the far left hand colummnveakly
exogenous, i.e., that series does not respondtarpations in the cointegration space. The heading
‘Decision’ relates to the decision to reject (R)ait to reject (F) the null hypothesis at a 10%eleof
significance. Under the null hypothesis, the téatistic is distributed chi-squared with one degrée
freedom. The null hypothesis, that firm does nepomnd, implies one zero restriction (on the alpladrix
of the error correction representation, see texfudher discussion).
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Further, this study does the exclusive test anklyexogenous test for the
second sub-sample to identify which prices invdhes cointegration relation or long run
equilibrium among these five series and which gricdiow the variation of this long
run equilibrium. Table 16 shows the exclusive testilts. It indicates that the prices of
Cal- Maine Foods, Industrias Bachoco and AFC Enitezp are rejected from the
exclusive test at the significance level of 99%e Phnices of Sanderson Farms and Tyson
Foods fail to be rejected by the exclusive teshatsignificance level of 10%. Thus both
Sanderson Farms and Tyson Foods are not involvéteitong run equilibrium found in

the previous paragraph.

Table 17 shows the results of weakly exogenous ltgsbints out that the prices
of AFC Enterprises, Sanderson Farms and Tyson Faredsejected by the weakly
exogenous test at the significance level of 5%. @i of Industrias Bachoco is
rejected by the test at the significance level@flBoth AFC Enterprises and Industrias
Bachoco vary following the variation of their longn equilibrium. Sanderson Farms
and Tyson Foods also are influenced by the vanaifdong run equilibrium even
though both of them are not involved in that edpuilim. And the price of Cal-Maine
Foods fails to be rejected at the significancelle¥&0%. This failure shows Cal-Maine
Foods does not follow the change of long rum elgaidm. This study concludes that
Cal-Maine Foods behaves like a leader in this lmmgrelation, and both Industrias
Bachoco and AFC Enterprises behave like followafter the price of Cal-Maine
moves, their long-run equilibrium changes into meguilibrium, and Cal-Maine Foods

and Tyson Foods change their prices to rebuildraewilibrium among three of them.
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Thus this finding of long run relationship suppdtie existence of structural changes on

these two dates.

In addition to examining the long run relationstilps article also explores the
contemporaneous interrelationship between thesepfiices in the three sub-periods. In
term of whether the cointegration relation exiigs study builds a Vector
Autoregressive (VAR) model for the sub-sample i fiist and third sub-periods, and a
cointegrated-VAR mode in the second period. Thewations from the estimations of
these three models are used to analyze the contangmus relation in each sub-period

through the directed acyclic graphs (DAG). The elatton matrices of innovations are

expressed below.

CALM IBA SAFM TSN  AFCE

[ 1.000 |
0.005 1.000
Corr (£,) = -0.029 0.068 1.000

-0.009 0.041 0.107 1.000
|-0.062 0.157 0.054 0.065 1.000 |

t<19 Mar 2003 .

CALM IBA  SAFM TSN  AFCE

[ 1.000 |
0.039 1.000

cor (¢,)=| 0.097 0.016 1.000

0.080 —-0.005 0.081 1.000

| —0.070 0.063 -0.022 0.018 1.000 |

20 Mar 2003 <t<07 Mar 2005 .



69

CALM IBA  SAFM TSN  AFCE

1.000
0.118 1.000
corr (¢,)=|0.067 0.039 1.000
0.021 0.031 0.371 1.000
10.048 -0.051 0.083 0.044 1.000 |

t=08 Mar 2005 .

Figure 15 graphs their contemporaneous causalaelat the first sub-period at
2% significance level. In the graphs there are fpossibilities between any two
variables (for instance,; Bnd F): (a) there is no causal relation betweearfel R (the
edge is removed); (b) Pauses PP — B); (c) Rand R are both caused by a common
omitted variable (P~ B); (d) causal direction can not be identified betw® and R (P
00 B). Figure 1 does not determine the causal diresth@tween Industrias Bachoco and
Sanderson Farms and between Industrias Bachoc@BGdEnterprises. The appendix
D shows that the price shock of Industrias Bachoaosits to Sanderson Farms’ price;
Indutrias Bachoco’s shock also transits to AFC Emises’ price. Thus their causal
relation can be formulated into: Tyson FoodsSanderson Farms Industrias Bachoco
- AFC Enterprises— Cal-Maine Foods. Tyson Foods, Industrias Bachowb @al-

Maine Foods work as information sources; both SeswseFarms and AFC Enterprises

works as information sinks.
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DTSH

DCALM
DSAFM

DIBA -~} —— = DAFCE

Figure 15.Contemporaneous interrelationship at 2% significane level, 06/01/2001-
03/19/2003

DTSH
DSAFM P DCALM
DIBA = DAFCE

Figure 16. Contemporaneous interrelationship at 2¥significance level, 03/20/2003-
04/16/2003
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Figure 16 plots the contemporaneous relation irsdw®nd sub-period. The
direction between Tyson Foods and Sanderson Farnt determined along with the
direction between Cal-Maine Foods and AFC Enteegri8oth the appendix E and F
help to discover their directions that Tyson Foatgick transits to Sanderson Farms’
price, and AFC Enterprises’ shock impact Cal-Mdtoeeds’ Price. Thus in the second
sub-period the contemporaneous relation is expdesselyson Foods Cal-Maine
Foods, Tyson Foods Sanderson Farms Cal-Maine Foods- AFC Enterprises—
Industrias Bachoco. Cal-Maine Foods can be regaadedh information sink. Any
shock from other firms finally and always transa<Cal-Maine Foods. Both Tyson
Foods and Industrias Bachoco work as informatiames, which never receive shock

information from other firms.

Figure 17 draws the contemporaneous relation inhtiné sub-period. The
direction of information flow between Sandersonmkaiand Cal-Maine Foods is not
determined on a 2% significance level. Accordingh® appendix G, the information
flows from Cal-Maine Foods to Sanderson Farms. ddrgemporaneous relation is
expressed: Tyson Foods Sanderson Farms AFC Enterprises; Industrias Bachoco
- Cal-Maine Foods- Sanderson Farms. Sanderson Farms looks like iafitmmsink,
which has no contemporaneous impact on other fifiyson Foods, AFC Enterprises

and Industrias Bachoco behave like information cesir
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DTSH

DSAFKM = - DCALM

DIBA DAFCE

Figure 17. Contemporaneous interrelationship at 2%significance level, 03/08/2005-
04/16/2007

Table 18. Comparison of Innovation Correlation Matrix among Three Sub-samples
Based on Jennrich Homogeneity Test

Jennrich test P-value| Homogeneous?
1% subperiod vs."? subperiod| b=10.17 | 42.6% Yes
2" subperiod vs.3subperiod Js;=39.11| 0.00% No
1% subperiod vs."8subperiod| 3k=40.92 | 0.00% No
Note:

J, = 0.5xtrace (Z,,2) - diag (Z,)'S;'diag (Z,,)
1z, =c,R, (R, - R,)

Cp, = NN, /(n, +n,)

R, = (n,R, + n,R,)/(n, + n,)

S, =1 +R, " OR,

Jennrich test is a chi-square test with degreeléned (K —1) /2. k is the dimension of matrix, which
equal 5 here.
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Comparing the figures of 15, 16 and 17, this stiiays that Tyson Foods and
Industrias Bachoco behave like information soumes| the three sub-periods.
Sanderson Farms works as information sink in tfs¢ &éind third period. And Cal-Maine
Foods works as information sink only in the secsuabl-period. The causal direction
between Tyson Foods and Sanderson Farms nevereshdagng these three sub-
periods, and only weakens in the second period dtilld imply the first break is not

caused by an event related to poultry or beef itngus

Jennrich homogeneity test could be used to exathembomogeneity of
correlation matrix (Jenrrich 1970). This homogen&ststs show that the homogeneity is
failed to reject between the innovation correlatoatrix during the first and second sub-
periods at the significance level of 10%. The hoeragty of innovation correlation
matrix is rejected between the second and thirdpguwiods, and between the first and
third sub-periods. These results partially suppogvious results on two breaks and

DAGSs. The detailed information about Jennrich tastsobtained in the table 18.

This article continues to compare the short ruragiyie relationship among these
five prices in the three sub-periods. The shortralation is described by the forecast
error variance decomposition (FEVD) of these fiviegs. The FEVD shows how the
forecast error variance of each series at any boig decomposed in term of shocks
from each series. The FEVD uncovers both time-ldggirmation transmission and
contemporaneous information transmission, and woukgconomics significance of
dynamic linkages between the related series. Caatipatof FEVD requires the

innovations from model are orthogonal among thewarson and Granger (1997)
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shows the contemporaneous relation discovered b$ B&n be used to rebuild new
orthogonal innovations for the model. This artiefaploys the contemporaneous relation

found previously to compute the FEVD in the two-fdsiods.

Table 19 shows the FEVD in the first sub-periodthiis sub-period, more than
97% of the forecast error variance of each pricaeofrom its own innovation during
the first 44 days following a shock. Thus eachlsfaice has little influence on others in

the short term.

Table 20 describes the FEVD in the second peribeés FEVD finds that Cal-
Maine Foods is almost not affected by other firstgdck and only affects AFC
Enterprises more than 6% of its error variancéatiorizon of 43-days ahead.
Industrias Bachoco was only influenced significaty AFC Enterprises about 7% of
its error variance at the horizon of 43 days ah#achpacts on more than 20% of AFC
Enterprises’ error variance. Both Sanderson FamdsTgson Foods have very a little
effect on other firms. Both of them are stronglyanted by AFC Enterprises about 12%
of their own error variances. Thus it looks thatGAEnterprises is the most active in the

short term relation during the second sub-period.
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Table 21 shows the FEVD in the third sub-periods HEVD indicates that most
of firms do not strongly affect other firms and a significantly by others in
contemporaneous and short term time. Only Tysorm&strongly impacts on about
13.5% error variance of Sanderson Farms. Thisfggnt influence could imply that
something causing the second break is relateddabibaustry, and indirectly affect
poultry industry. So the event of a federal coaguesting to bar Canadian live cattle

from entering the US is a good target around tlealbdate of 07 March 2005

Finally, this article compares the estimation restdr the models in these three
sub-samples and discusses their economic meafialgke 22 provides the estimation
result for the VAR model in the first sub-periodable 23 shows the result of the
cointegrated-VAR model for the second sub-sampddld 24 does for the third sub-

sample.

In Table 10 only coefficients of differenced S&P58@ex are statistically
significant from zero on 1% level on equations ah&erson Farms, Tyson Foods and

AFC Enterprises respectively; other coefficients iasignificant.
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Table 19. Forecast Error Decompositions on Daily 8tk Prices for Five Poultry
Related Firms Publicly Traded in US Stock Markets06/01/2001-03/19/2003

Horizon | CALM | IBA | SAFM | TSN | AFCE
CALM

0 100.000 0.000 0.000 0.000 0.000
1 99.287 0.292 0.369 0.005 0.022
21 99.287 0.309 0.369 0.012 0.023
43 99.287 0.309 0.369 0.012 0.023
IBA

0 0.000 100.000 0.000 0.000 0.000
1 0.067 98.313 0.293 1.327 0.000
21 0.072 98.290 0.300 1.337 0.001
43 0.072 98.290 0.300 1.337 0.001
SAFM

0 0.000 0.362 98.643 0.995 0.000
1 0.101 1.239 97.489 1.099 0.073
21 0.101 1.240 97.484 1.102 0.073
43 0.101 1.240 97.484 1.102 0.073
TSN

0 0.000 0.000 0.000 100.000 0.000
1 0.563 0.018 0.063 99.198 0.158
21 0.566 0.019 0.071 99.186 0.159
43 0.566 0.019 0.071 99.186 0.159
AFCE

0 0.399 2.463 0.000 0.000 97.138
1 0.399 2.462 0.004 0.044 97.092
21 0.399 2.462 0.004 0.044 97.092
43 0.399 2.462 0.004 0.044 97.092

Note: Decompositions at each step are given f@earfanke” factorization of the innovation
correlation/covariance matrix. The decompositian® $0 one hundred in any row. The order of
presentation and abbreviations for each firm ifoigws: Cal-Maine Foods (CALM), Industrias Bachoco
(IBA), Sanderson Farms (SAFM), Tyson Foods (TSKYl AFC Enterprises (AFCE).
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Table 20. Forecast Error Decompositions on Daily 8tk Prices for Five Poultry
Related Firms Publicly Traded in US Stock Markets03/20/2003-03/07/2005

Horizon | CALM | IBA | SAFM | TSN | AFCE
CALM

0 98.033 0.000 0.798 0.652 0.517
1 98.189 0.061 0.694 0.794 0.262
21 98.241 0.125 0.649 0.954 0.033
43 98.215 0.141 0.622 0.947 0.034
IBA

0 0.000 100.000 0.000 0.000 0.000
1 0.004 99.461 0.142 0.377 0.015
21 0.020 95.415 0.046 0.427 4.093
43 0.042 92.713 0.023 0.369 6.854
SAFM

0 0.000 0.000 99.372 0.628 0.000
1 0.390 0.001 97.680 1.713 0.216
21 0.472 0.428 87.166 3.249 8.685
43 0.365 0.723 82.193 3.461 13.258
TSN

0 0.000 0.000 0.000 100.000 0.000
1 0.138 0.160 0.379 99.199 0.123
21 0.111 1.255 0.163 90.569 7.902
43 0.064 1.697 0.086 86.251 11.902
AFCE

0 0.000 0.440 0.000 0.000 99.560
1 0.129 0.356 0.044 0.448 99.023
21 2.996 9.107 0.936 0.641 86.320
43 6.141 20.800 2.616 0.526 69.918

Note: Decompositions at each step are given f@earianke” factorization of the innovation
correlation/covariance matrix. The decompositiain® $0 one hundred in any row. The order of
presentation and abbreviations for each firm ifoligws: Cal-Maine Foods (CALM), Industrias Bachoco
(IBA), Sanderson Farms (SAFM), Tyson Foods (TSKYl AFC Enterprises (AFCE).
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Table 21 ForecastError Decompositions on Daily Stock Prices for FivePoultry
Related Firms Publicly Traded in US Stock Markets03/08/2005-04/16/2007

Horizon | CALM | IBA | SAFM | TSN | AFCE
CALM

0 98.319 1.351 0.329 0.000 0.000
1 97.526 1.403 0.617 0.218 0.236
21 97.520 1.407 0.617 0.218 0.238
43 97.520 1.407 0.617 0.218 0.238
IBA

0 0.000 100.000 0.000 0.000 0.000
1 0.089 99.467 0.003 0.420 0.022
21 0.089 99.449 0.005 0.430 0.026
43 0.089 99.449 0.005 0.430 0.026
SAFM

0 0.000 0.000 86.054 13.534 0.412
1 0.000 0.095 85.960 13.520 0.425
21 0.000 0.096 85.959 13.520 0.425
43 0.000 0.096 85.959 13.520 0.425
TSN

0 0.000 0.000 0.000 100.000 0.000
1 0.371 0.163 0.116 98.425 0.924
21 0.374 0.165 0.119 98.415 0.927
43 0.374 0.165 0.119 98.415 0.927
AFCE

0 0.000 0.000 0.000 0.000 100.00
1 0.390 0.001 0.105 0.582 98.921
21 0.399 0.006 0.107 0.582 98.905
43 0.399 0.006 0.107 0.582 98.905

Note: Decompositions at each step are given f@earfanke” factorization of the innovation
correlation/covariance matrix. The decompositian® $0 one hundred in any row. The order of
presentation and abbreviations for each firm ifoligws: Cal-Maine Foods (CALM), Industrias Bachoco
(IBA), Sanderson Farms (SAFM), Tyson Foods (TSKYl AFC Enterprises (AFCE).
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Table 22. Estimation of VAR Model, 06/01/2001-03/12003

Dependent Independent Variable
Variable | APcaum APjga APsapm APrsn AParce
APspsoo | -0.024 0.076 0.373 0.536 0.616
(0.82) (0.11) (0.00) (0.00) (0.00)
Constant | -0.0007 0.0010 0.0011 -0.0005 -0.0000
(0.63) (0.16) (0.33) (0.67) (0.99)

Note: the values in the brackets are the P-valtiesroesponding coefficients.

Table 23. Estimation of Cointegrated-VAR Model, 0320/2003-03/07/2005

Dependent Independent Variable

Variable | APcam APa APsprm APrsn AParce

E.C. Term| 0. 011 0.017 0.040 0.029 -0.096
0.67) 0.07) (0.01) (0.01) (0.00)

APsreoy | 0.803 0265 | 0. 857 | 0.882 0.554
(0.00) (0.00) (0.00) (0.00) (0.00)

Constant -0.004 -0.009 -0.022 -0.016 0.059
(0.85) 0.12) (0.01) (0.01) (0.00)

Note: E.C. Term refers to the error correction tenmich is expressed as
(0.082P., ,, + 0.506P, +0.104P,,,, + 0.016P, — 1.OOP, .. ). And the values in brackets

are P-values of corresponding coefficients.

Table 24. Estimation of VAR Model, 03/08/2005-04/18007

Dependent Independent Variable
Variable |  APcaim APpa APsarm APrsn AParce
APspaoo | 0.581 0.299 1.110 0.763 1.069
(0.00) (0.01) (0.00) (0.00) (0.00)
Constant 0.0004 0.0012 0.0007 0.0001 0.0003
(0.68) (0.10) (0.40) (0.83) 0.73)

Note: the values in the brackets are the P-valfiesroesponding coefficients.
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In the table 22 the coefficients of error correctierm are different from zero on
1% or 10% significance level in all the equations the one of Cal-Maine Foods. The
coefficients of differenced S&P500 index are diéietr from zero on 1% significance
level. The constant term is different from zerdhe equations of Sanderson Farms,
Tyson Foods and AFC Enterprises on 1% significdenel; it is insignificantly different

from zero at 10% level in the equations of Cal-Makoods and Industrias Bachoco.

In the table 23, only the coefficients of differedcS&P500 are different from
zero on 1% significant level. Other coefficiente arsignificantly different from zero on
10% level. These differences between models supipemrt are breaks during the whole

sample.

In these three models, the difference of stoatepor index could be regarded
as stock return or market return because theycwalyy in logarithm form; the error
correction term can be regarded as some spea@kgremium related to these five firms.
In term of Capital Asset pricing Model (CAPM) thenstant term is related to the risk
free return; the coefficients of differenced S&P%@ex is the sensitivity of the stock
return to market returns, or it is called as beiffecient; the coefficients of error

correction term is the sensitivity of stock rettmrsome specific risk premium.

Comparing the tables of 22 and 23, this artialddithe sensitivity of stock
return to market return significantly increase iafte first break date. The sensitivity of
stock return to some specific risk premium sigmifitty increases also after the first
break date. This risk premium is not directly rethto the US poultry or beef industry

because both Sanderson Farms and Tyson Foodstanv@iged in that long run



81

equilibrium. And the risk free rate also looks &y after the break date of 20 March
2003. These findings may imply that the event gaqtiie break around that time is
related to the whole financial market. This stuggraines the news around that period
and found that invading Irag could be the most sotgal target to cause the beak. other
events can take that kind of effects, like bannivg cattle to import from Canada to the
US in 2003 May, SARS outbreaks from late 2002 ttye2003 and avian influenza

outbreaks late 2003 to early 2004 and so on.

Comparing the tables of 23 and 24, this study fihds the sensitivity of stock
return to market return do not to vary significgnth addition, the short run relation
between Tyson Foods and Sanderson Farms strendth&taesecond break date, which
is found previously. The event which causes thersg@break is not related to the whole
market, and only directly related to beef industngl poultry industry. Thus US banning

Canadian live cattle from entering is an ideal arption for the second break.

Conclusions

This study wants to examine whether avian influemztdreaks in early 2004 have a
long run effect on five stock price movements, tiether avian influenza outbreaks
cause structural breaks in those prices. This stagyloys the dynamic programming
algorithm and the reduced regression method otegiated-VAR model to compute
the break dates for the data sample from 01 JuB& 016 April 2007. This study find
the avian influenza outbreak in the early 2004 dagscause the structural breaks of
model. The model with two breaks are selected iy, AIC and H&Q'sP. These two

break dates are 20 March 2003 and 08 March 200S.sfindy continues to compare the
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data properties such as their long run relatioartstun relation and contemporaneous
relation, and their model estimations in thesedlmab-periods. And this study finds
these three sub-sample are significantly diffeegrtt the breaks were caused by the
events of invading Iraq on 20 March 2003 and bagp@anadian live cattle from
entering the US on 03 March 2005, not by the ewéavian influenza outbreaks in early

2004 or other possible events around relative derio



83

CHAPTER IV
DID AVIAN INFLUENZA OUTBREAK AFFECT AGRICULTURAL
COMMODITY FUTURES TRADED IN JAPANESE FUTURES

MARKETS?

This essay studies the effects of avian influenghreaks on the economy of importing
country using data from Japanese futures markéis.sfudy extends the literature in
that most previous work has been set in an exgpdiuntry. Some previous study
found food safety events have little effect ontedlaagricultural commodity futures.
(Lusk and Schroeder, 2002). TSE and Hackard (2fa6)d the effects of mad cow
announcement on agricultural commodity futures gitie data sample in minute.

This study uses daily futures prices sample of bggler, non-GMO soybean
and corn. And it combines the event study methdt auto regressive (VAR) model to
examine the abnormal return and cumulative abnoretain of these four futures
around the announcement date of avian influenzareak in Japan. Only the egg
futures is found to raise its return significantiythe window. This findings is consistent
with the result of Ishida, Ishikawa and Fukushig@Q6). The three futures price series
were not found to be affected significantly. ThBeatent effects of avian influenza
outbreaks may be reasonable because the aviaenafiloutbreaks in Japan only affect
Japan’s exports, not its imports. Japan is onbebiggest egg exporters in the world,

and one of the larger broiler, soybean and corromeyps.
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The reminder of this paper is organized as follolWse second section reveals
the research methodology; the third section dessrilata sample, the four futures
contracts, and avian influenza event in Japan.fotmh section presents the empirical
results of analysis. Conclusions and suggestiorfsitane research are offered in the last

section.

Research Methodology
The methodology of event study is a common to@xXplore the effects of some event
on security return. Let the event take place or®t Eor the security, the return of the

security time t relative to the eveR,, is expressed as:

(4.1) R =R, +¢

where R, is the normal return, or the expected or prediotégin given a particular
model. e, is called as abnormal return. The abnormal resithe difference between the
realized return and normal return. In other wosgds the difference between the return

conditional on the event and the expected retuoonditional on the event. The
abnormal return is a direct measure of the unerplechange of security return
associated with the event. The normal return caiodmeulated as market model,
constant mean model and capital asset pricing mdtiel abnormal return is the
deviation from the expected return model.

Rather than modeling abnormal return as the dewidtom the expected return model,

the abnormal return can be modeled as regresseffiaents.

K
(4.2) Ry :zei,jxit,j +p,.E +e
=1
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where the variablg, ; is non-event related explanatory variables that aftect the
return. E, is a variable taking the value of one on evensday a value of zero on non-

event daysp, is interpreted as the average abnormal retureairgty i on the event

15
day't. Zpim is the cumulative abnormal return during the windmm t, to t,. The

m=t,
tests have to be taken to examine whether bothldthermal return and the cumulative

abnormal return are statistically significant fragro.

Event Study, VAR Model and Asymmetric GARCH-M Model

The traditional event study of commodity futurespdmgs an individual-commodity
model to compute the normal return and abnormarmeCortazar, Milla and Severino
(2008) prove that the multi-commodity model catcirese information to model
normal return and abnormal return, and obtaindestalore stable spreads of
commodities because of the correlation of commdditiyres prices. And Liu (2005)
found the cointegration relationship among hognard soybean meal futures. Thus
this study builds a VAR (vector autoregressive) gla cointegrated VAR model to
explore the effect of avian influenza outbreakcommaodity futures prices if the

cointegration relation is found among the commofiityres studied.

k-1
(4.3) AR =MP_, +> [AP, +®D, +OF +& t=1..T,

i=1

(4.4) Elee}=X.
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Here Ris a vector ofn futures prices in logarithm form under study. As general

cointegrated VAR model\ is the difference operatoAR, = P, —P,_;) and AR, is return
of futures;N andl" arenxn parameter matriced), is a vector of deterministic

variables such as a constant, linear trend, selsomthexogenous variable®; is a

parameter matrix oD, ; and &, is a vector of innovation (error) terms withsx( ) 5
covariance matriXx . However, E, is the indication variable of event which equaton

on event days and zero otherwi&®;is coefficient vector and is to model the average

abnormal return.

Engle (1982) proposed Autoregressive ConditionaeHescedasticity (ARCH)
to explain the tendency of large residuals to elugigether. Volatility seems to be a
little bit persistent in ARCH(1) model. Bollers|¢¥986) built the GARCH model to
develop the ARCH model. In a GARCH model, the vac@aterm depends on the lagged
variances and lagged residuals. This allows fosipence in volatility with a relatively
small number of parameters. Equity returns exligyimmetrical conditional variance
behavior. That is, that positive values of thedeals have a different effect than
negative ones. Glosten, et. al(1993) developedtdredard GARCH model as GJR
model to explain the asymmetric characteristicgl€&rLilien and Robins(1987)
generalized the ARCH model into GARCH-M model, whabsorb the variance itself as
a regressor to explain the effect of variancesaunte returns. Thus, this study employs
the asymmetric GARCH-M model to investigate thatieh among these four futures
prices. The asymmetric GARCH-M model is expressefbbow. The equation (5) is the

mean equation and the equation (6) is the variagoation.
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(4.5) AR =¢E + X, B+ha, +h_a, +u,
(4.6) h =var(,) =c+au?, +bh_ +du’,l ., (u_,)

wherel is an indicator function, in this case fox . 18 this formulation, a positive
value of d means negative residuals tend to inertf@svariance more than positive ones.

E; is the dummy variable to present the event ococae

Data and Al Events

This study uses the nearby futures prices obtdnoead the database of EconStats (2009).
All of the selected futures are traded in Japah#sees market to capture the effect of
avian influenza on Japan’s economy. the data saogplers from 30 November 2001 to
12 February 2004 for the data availability and reaikquidity.

The egg futures contract is traded at the Cenaaduid Commodity Exchange; its
price quotation is Yen per kilogram; its contraainth covers the whole year from
January to December. The broiler Futures is tradédikuoka Futures Exchange before
December 2006 and at Kansai Commodity Exchangerite quotation is Yen per
kilogram; its contracts month also cover from Japua December. The corn futures is
traded at the same exchange as the boiler futlrefase December 2006 and then is
removed,; its price quotation is yen per 1,000 kiwmgs; its contract month covers
February, April, June, August, October and Decembtrin a twelve-month period.

The non-GMO soybean futures is traded at the Tdksgn Exchange; its price
guotation is yen per 1,000 kilograms; its contraonth covers January, March, May,

July, September and November within a twelve-mettiod.
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The first case of avian influenza virus of HSNJ&mounced on 12 January 2003
in Japan. And its announcement is seven days beferannouncement of avian
influenza outbreaks in Taiwan, and four days ldtan the announcement of avian
influenza outbreaks in Vietnam. Thus the event wwds designed from 9 January
2004 to 16 January 2004 to avoid the noise frorarawifluenza outbreaks in other
countries. The whole window is a six business @dage since both January 10 and 11

are weekend in 2004.

Empirical Results

Figure 18 plots these four futures contracts’ wiaed the dates of avian influenza
outbreaks during the period from 30 November 2@012 February 2004. This figure
gives a whole and simple picture on relations betwgrice series and events. There is
no obvious correlation between prices and events.

Table 25 provides the descriptive statistics oséhur futures contracts’ prices.
The boiler futures contract has the maximum valu& 885 in the coefficient of
variation (CV) among these four contracts. The datures contract holds the minimal
value of CV among these four contracts, which 198. This findings implies that the
contract of broiler futures is the riskiest amohgde four contracts, and the corn has less

risk than other three contracts.
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Figure 18. Plot of nearby futures contracts’ prices11/30/2001-02/12/2004

Table 25. Summary Statistics among Daily Futures @nhtract Prices for
Agricultural Commodities Traded in Japanese FuturesMarkets,
11/30/2001-02/12/2004

Agricultural futures | Mean Minimum | Maximum | Standard Coefficient
Deviation Variation
Egg 167.2 112.9 283.2 32.8 0.196
Broiler 526.6 262 1329 202.6 0.385
Non-GMO Soybean| 42927.4 28740 66380 7144.8 0.166
Corn 16257.2| 13060 21800 1704.5 0.105

Note:

1) Observed data are daily adjusted close futwagact prices for each agricultural commodity as
Japanese Yen per kilogram for egg and broiler apdrdese Yen per 1000 kilograms for others.

2) The coefficient of variation is calculated d3/8ean for each firm.
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Table 26. Tests for non-stationarity of levels andirst differences of among daily
close prices for agricultural futures contracts traded in Japanese futures
markets, 11/30/2001-02/12/2004

Firms Dickey —Fuller Test Augmented Dickey Fuller
DF) Test (ADF)
t-statistics Q(3)-statistics t-statistics | Q(3)-
(p-value) (k) statistics (p-
value)
Egg -2.257 2.35 (0.502) -2.35 (1) 1.044 0.790)
Levels Broiler -2.954 8.44 (0.037) -2.70 (1) 1.55 (0.66P)
Of Nsoybean| -0.031 19.98(0.0001) -0.206(1) 5.51 (0.137
Data Corn -1.702 9.34 (0.025) -1.735(1) 0.367(0.946)
1% Egg -27.16 0.612 (0.893) -1.23(1) 0.588(0.899)
Difference Broiler -26.077 1.53 (0.675) -18.74 (1) 0.725(0.867
Of Corn -24.937 5.42 (0.143) -17.20 (1 1.419(0.7Dp1)
Data Nsoybean| -23.27 7.94 (0.047) -16.91 (1) 6.392@).09

Note: The columns under the heading “DF” refert® Dickey-Fuller test on the null hypothesis thmat t
price data from the market class listed in thddfirhand-most column are non-stationary in leyatn-
differenced data). The test for each series okpilta is based on an ordinary least squares samnesf
the first differences of prices from each marketaronstant and one lag of the levels of pricesa{no
differenced prices) from each class. The t-statistassociated with the estimated coefficienthen t
lagged levels variable from this regression. Urtternull hypothesis the statistic is distributecinon-
standard t. Critical values are given in Fuller{&@ The 5% critical value is —2.86. We reject iodl for
observed t values less than this critical value @a$sociated Q-statistic is the Ljung-Box statistiche
estimated residuals from the above-described reigresnder the null hypothesis of white noise
residuals Q is distributed chi-squared with 30 degrof freedom. The p-value associated with the Q-
statistic is given in parentheses, immediatehhoright of the Q-statistic. We reject the null biesis
for large values of Q or for low p-values (i.e. phyes less than .05). The columns listed undehélagling
“ADF” refer to the Augmented Dickey Fuller test asgted with the null hypothesis that price datarfr
the class listed in the far left-hand-most columa@on-stationary in levels (same null as aboveyeHhe
test is of the same form as that described aboeepe that k lags of the dependent variable areddal
the right-hand side of the DF regression. Herey#iege for k is determined by minimizing Schwargdo
metric and Hannan Quinn’s measure on values ofiging from 1 to 6. [The ADF regression was run
with lags of the dependent variable ranging frora &g to six lags. The Schwarz loss metric and ldann
Quinn’s measure were minimized at the value givetihé column headed by the label “k.”] Again the
critical value of the t-statistic is —2.86 and wegect for values of the calculated statistic léstthis

critical value.
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Table 27. Loss Metrics on the Order of Lags (k) i Log-levels Vector
Autoregression among Daily Futures Prices for Agrialtural Commodities Traded
in Japanese Futures Markets, 11/30/2001-02/12/2004

Lag =k AIC SIC H&Q

0 -15.33 -15.36 -15.31
1 -28.90 -28.68* -28.77*

2 -28.94 -28.54 -28.70
3 -28.96 -28.37 -28.61
4 -29.02 -28.25 -28.56
5 -29.06 -28.11 -28.50
6 -29.11 -27.97 -28.45
7 -29.12 -27.80 -28.35
8 -29.14 -27.64 -28.26
9 -29.16 -27.48 -28.18
10 -29.18 -27.32 -28.09

Note: Metrics considered are Schwarz-loss (SL)Hadnan, and Quinn®l measure on lag length of a
levels vector autoregression:
AlIC=log(T)+®K*2/T

SIC=log([|+(6k) (logT)/T,
H&Q =log (I'| + (2.01)* (6k) log (log T)) / T

whererl is the error covariance matrix estimated with 8k (the 1 represents a constant) regressors in
each equation, T is the total number of observatameach series, the symbol “ | | ” denotes the
determinant operator, and log is the natural lagari We select that order of lag that minimizesltss
metric.

The asterisk( “* ") indicates minimum.
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Table 26 shows the unit root test statistics abluege four futures prices. The
common unit root tests are the Dickey-Fuller test the Augmented Dickey-Fuller test.
These two tests have a 5% critical value of -2rBt&im of Fuller (1976). Thus the
Dickey-Fuller test points out that the futures praf broiler is stationary at 5%
significance level. However, the Augmented Dickeyiér does not support that the
broiler futures price is stationary at a 5% sigrafice level. This study prefers the results
of Augmented Dickey-Fuller test. Other prices indls are nonstationary at the
significance level of 5% in term of these two test these four prices in the first

differences are nonstationary at a 5% significdagel in term of the tests.

Table 27 gives the results of optimal lag numbevAR model in levels for
these four prices. The information criterion isadise pick up the optimal lag number of
model such as Akaike information criterion (AICE8varz Loss criterion (SIC) and
Hanna and Quinn’'® (H&Q). SIC and H&Q reach their minimum values iz model
with one lag. The model needs more than ten lag#dfreach its minimal value. Thus
this study chooses the results of SIC and H&Q. djitecal lag number is one.

Table 28 shows the results of cointegration raskfte these four futures prices.
The trace test is used to examine their cointegratink. The test results find that these
four prices have no cointegration relation at S5@msicance level. In other words, these
four prices can not reach a long run equilibriumiryithe sample period. Liu (2005)
found the cointegration relation among hog futucesn futures and soybean meal
futures. These four prices failing to show a caind¢ion relation could be caused by the
seasonality of sample or structural change of sandile cointegration tests are very

sensitive to those two characters of sample.



93

Table 28.Tests of Cointegration Rank among Daily Rures Prices for Agricultural

Commodity Contracts Traded in Japanese Futures Markts, 11/30/2001-02/12/2004

R P-R T* C(5%)* | Decision T C(5%) | Decision
0 4 36.631 | 53.423 F# 34.841 | 47.208 F
1 3 20.117 | 34.795 F 18.905 | 29.376 F
2 2 5.940 19.993 F 5.491 15.340 F
3 1 1.422 9.133 F 0.983 3.841 F

Note: The number of cointegrating vectors ( rtested using the trace test with the constant aitinid
outside the cointegrating vectors. The test staf{$j is the calculated trace test, associated tie
number of cointegrating vectors given in the ledfttfi-most column. The critical values (C(5%)) aleta
from Table B.2 (within) and Table B.3 (outside)Hansen and Juselius (1995, p.80-81). The testigesu
presented in columns marked by an asterisk areiassd with a constant within the cointegratingtoes.
The un-asterisked columns are associated with éest® constant in the cointegrating vectors, but a
constant outside the vectors. The column label€dylizes our decision to reject (R) or fail to rej€E),

at a 5 per cent level of significance, the null ttyyesis of the number of cointegrating vectors (r=0
r<i,...,< 7). Following Johansen (1992), we stop testinthaffirst “F” (failure to reject) when
starting at the top of the table and moving sedalyacross from left to right and from top to thettom.
The symbol (#) indicates the stopping point. Heeefail to reject the hypothesis that we have one
cointegrating vectors with constants in the coiraéigg vectors. Recent work on the selection of the
number of cointegrating vectors has focused om#igeof information criteria (AIC or Schwarz loss).
Such criteria can be successfully applied to sbbth the lag length and rank problem; see Kapesanio
(2003) and Aznar and Salvador (2002).
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Table 29. Forecast Error Decompositions on Daily Rees for Four Futures
Contracts Publicly Traded in Japanese Futures Markés, 11/30/2001-02/12/2004

Horizon | Egg | Broiler | Non-GMO soybean Corn
Egg Futures

0 100.000 0.000 0.00 0.000
1 99.829 0.112 0.005 0.054
2 99.829 0.112 0.005 0.054
22 99.829 0.112 0.005 0.054
Broiler Futures

0 0.000 100.000 0.00 0.000
1 0.005 99.974 0.017 0.004
2 0.005 99.973 0.017 0.005
22 0.005 99.973 0.017 0.005
Non-GMO Soybean Futures

0 0.000 1.389 96.091 0.000
1 0.007 1.376 95.449 2.520
2 0.007 1.376 95.439 3.178
22 0.007 1.376 95.438 3.179
Corn Futures

0 0.000 0.000 0.000 100.000
1 0.017 0.004 0.114 99.864
21 0.018 0.004 0.116 99.862
43 0.018 0.004 0.116 99.862

Note: Decompositions at each step are given f@earfanke” factorization of the innovation

correlation/covariance matrix. The decompositiamn® $0 one hundred in any row.
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Table 30. Abnormal Returns and Cumulative AbnormalReturns in the Event
Window, 01/09/2004-01/16/2004

AR ARp AR, AR, AR.3 ARy AR5 CAR
1,+5
Egg 0.008 |0.001 |-.017** |-0.000 |0.026* |0.017* |0.018* | 0.053*
(0.359) | (0.931 | (0.047) | (0.976) | (0.002) | * * *
) (0.046) | (0.033) | (0.021)
Broiler | 0.054** | -0.00 | 0.040 |-0.003 |-0.047 |-0.012 |-0.037 |-0.005
* (0.995| (0.171) | (0.930) | (0.104) | (0.682) | (0.204) | (0.946)
(0.064) |)
Non- -0.010 | 0.001 |0.003 |0.001 |0.000 |0.000 |0.000 |-0.005
GMO (0.222) | (0.869 | (0.685) | (0.909) | (0.985) | (0.970) | (0.994) | (0.837)
soybean )
Corn 0.011 |-0.002|0.022* |-0.003 |-0.002 |0.004 |0.014 |0.044
(0.337) | (0.878 | * (0.790) | (0.864) | (0.689) | (0.198) | (0.128)
) (0.046)

Note: AR denotes the abnormal return. AiRthe abnormal return on 09January 2004, &ARhe
abnormal return on 12 January 2004, the date afuarging the first case of avian influenza virus of
H5N1 in Japan. CAR.sis the cumulative abnormal return for the wholeduaiw. The values in the
brackets are the P-values of corresponding ARingicates 1% significance level; (**) indicates 5%
significance level; (***) indicates 10% significaadevel.

Broiler

Hsoyvhean -

Eqn

Corn

Figure 19. Plot of contemporaneous causal relatiohg among these four futures
contracts, 11/30/2001-02/12/2004
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There is no cointegration relation among these fotures. Thus this study
employs a VAR with asymmetric GARCH model to estienthe abnormal returns (AR)
of events, avian influenza outbreaks in Japan.ridgstimation results are shown in the
table 30. Only the cumulative abnormal return (CARggg futures contract is
statistically significant at 5% levels. Others’ C&Rre not different from zero at the
10% significance level.

The abnormal returns of egg futures are statisyickfferent from zero at 5%
significance levels on the first, third, fourth aifth days following the announcement.
The broiler futures only have statistically sigo#nt abnormal return at a 10%
significance level on the business day ahead chtim®uncement day. That positive
return of 0.054 may indicate the information leakadjavian influenza outbreaks in
Japan. The Non-GMO soybean futures contract hakaitypabnormal returns
significantly different from zero. The corn futuresntract only has a statistically
significant abnormal return on the first day foliog the announcement day. Its value is
0.022.

Thus, this study finds the announcement of aviflnenza outbreaks in Japan
only affects the price of egg futures contract-days window. The announcement has
little significant effect on other three futuremt@cts. The possible reason for this
different response of contracts is that Japan sggnproducer and exporter, and
importer of broiler, soybean and corn. The positigkie of cumulative abnormal return
of egg futures supports the findings of Ishidaikdatva and Fukushige (2006). They
found that the avian influenza outbreaks in Japarease the spot price of poultry in

Japan even though the demand for poultry doeshastge too much.
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This study finally examines the contemporaneousd@pendence among these
four futures. The result is given in the figure T@e egg futures is independent from
others. Both the broiler futures and corn futurésca the non-GMO soybean futures,
and formulate an information fork.

Table 31 show the main coefficient estimation ia #8symmetric GARCH-M
model. This study finds that the return of egg fetuare affected by the one lag return of
itself and broiler futures, and its own current ame lag variances. And the asymmetric
effect is examined in its variance equation. Howgpesitive residual, negative residual
and one lag variance help reduce future volatilitye return of broiler futures is not
influenced by other futures return, and even its cwrrent and lagged variances. In its
variance equation, positive residual and lagge@mae increase future variance without
asymmetric effect. The return of Non GMO soybeadnrks are affected by its own
lagged return and variance, and other futures hgggirn. the asymmetric effect is
found in its variance equation. The return of clutares is only impacted by its own
lagged return. the asymmetric effect is not foundd variance equation. The detailed

information can be obtained in the table 31.

Conclusions

This study explores the effects of avian influeamaouncement in Japan on the
agricultural commodity futures contracts tradedapanese futures markets. Both the
cointegrated-VAR model and the event study methieduaed to examine whether avian
influenza outbreaks significantly affect the aghietal commodity futures market in

Japan. Our findings point out that only the avigftuenza outbreak impacts the egg
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futures contract, raising its contract price. Thiegincrease is consistent with the
findings of Ishida, Ishikawa and Fukushige (2008)e futures contracts of broiler, non
GMO soybean and corn are not affected by avianenfta outbreaks in Japan. This
difference could be caused by that the differeatiust of Japan in importing and
exporting agricultural commodity. And the six-dayndow may be too short to examine
the avian influenza outbreaks’ effects.

The future research will test long run effect ofaavinfluenza outbreaks in Japan.

The model is constructed considering the structtiahge and high frequency volatility.



Table 3L Estimation of Asymmetric GARCH-M Model

Mean Equation Variance Equation
R®99 , Roroter | pSYPean | R™M . | GARCH | GARCH/| constant| Residudl Variance| Residual
(-1) *) (-1) )
R®%Y -0.015 0.011 -0.026 -0.037 53.312 3.384 0.0001 -0.007 -0.075 -0.002

(0.003) | (0.015) | (0.350) | (0.503) | (0.000) | (0.000) | (0.000) | (0.000) | (0.000) | (0.000)

R [ 0.008 | 0.015 | -0.072 | -0.026 | -1.565 | -1.980 | 0.0002 | 0.309 | 0.206 | 0.210
(0.796) | (0.154) | (0.258) | (0.793) | (0.789) | (0.552) | (0.000) | (0.004) | (0.042) | (0.271)

RSN 5012 | -0.001 | 0.066 | -0.065 | 5943 | -11.484 | 0.0001 | -0.030 | -0.324 | 0.004
(0.000) | (0.000) | (0.000) | (0.000) | (0.107) | (0.000) | (0.000) | (0.000) | (0.000) | (0.000)

R®T | -0.011 | 0.004 | -0.004 | 0142 | 11.101 | 15535 | 0.000 | 0.172 | 0679 | -0.011
(0.351) | (0.375) | (0.885) | (0.001) | (0.542) | (0.306) | (0.002) | (0.014) | (0.000) | (0.858)

66
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CHAPTER V

GENERAL CONCLUSION AND DISCUSSION

This study investigates the impacts of bird fluovatks as manifest in financial markets
within the US and Japan. The study is composetrettessays each looking at different

aspects of the issue.

The first essay explores the impact of Al eventsame poultry-related stock
prices. Initially, this study employs the partigudibrium analysis to develop
expectations about impacts of Al outbreaks insideutside a poultry exporting country
in term of effects on poultry meat or egg produ@ard poultry food producers; then it
empirically investigates how actual Al outbreak#\sia and US affected five poultry-
related firms publicly traded in the US stock mankging historical decomposition
analysis and the vector error correction model.eRedevelopments in search method of
cointegration rank and directed graphs are apjti¢kis study as well. Empirical results
support the expected results: Al outbreaks ingidecbuntry drop stock prices of poultry
meat producers and raise stock prices of pouliwy faroducers; Al outbreaks in other
poultry meat exporting countries raise stock priafgoultry meat producers and drop
stock prices of poultry food producers. This stiglthe first one to investigate the firm-
level stock price consequences of Al outbreaks atgdt is the first one to employ the
historical decomposition to analyze stock priceawédrs. The findings of this study
carry some important implications. First, it prossdevidence that Al outbreaks in

different countries have significantly differentesfts on stock price behaviors of
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poultry-related firms depending on whether the oedk is in or outside of the country.
Second, the model and its results in this studybeaunsed to analyze the impacts of

other animal diseases or food safety events ok gtaces of related firms. Finally, this
study can help understand how the change of iniena trade affects stock prices of

the related firms.

The second essay examines whether avian influantbaeaks in early 2004 had
a long run effect on the stock price investigatedssay one, or whether avian influenza
outbreaks cause structural breaks in models of $heck price behavior. This study
employs dynamic programming algorithm and redueggassion method for a
cointegrated-VAR model to compute the break datesl@ta from 01 June 2001 to 16
April 2007. This study find the avian influenza brgak in the early 2004 did not cause
the structural breaks of model. The estimated madsl found to have two structure
breaks as selected by AIC, SIC and H&@'sThese two break dates are 20 March 2003
and 08 March 2005. This study continues to comjmang run relations, short run
relations and contemporaneous relations, plus muetevior in the three sub-periods
divided by breaks. We find behavior in the threl-sample is significantly different
and that the breaks were likely caused by the iowasf Iraq on 20 March 2003 and the
BSE induced ban of Canadian live cattle importh&éoUS on 03 March 2005, not by the
event of avian influenza outbreaks in early 2004tber possible events around relative

period.

The third essay explores the effects of avian arflza outbreak announcements

on the agricultural commodity futures contractsiéin Japanese futures markets. Both
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the cointegrated-VAR model and the event study pteHre used to examine whether
avian influenza outbreaks significantly affect dggicultural commodity futures market
prices in Japan. Our findings point out that avrdluenza outbreak only impacted the
egg futures contract, raising its contract pridee price increase is consistent with the
findings of Ishida, Ishikawa and Fukushige (2008)e futures contract prices for
broiler, non GMO soybean and corn were not affebtetlird flu outbreaks in Japan.
This difference could be caused by that the diffestatus of Japan in importing and
exporting agricultural commodity. Also the six-daindow may be too short to examine
the avian influenza outbreaks’ effects.

These three essays find that outbreaks of avidueinta have significant impacts
on poultry-related stock prices and futures markBtgese examined impacts change the
movement of those financial equity prices in thershun, but not in the long run.
However, investors and poultry-related produceahsestcounter huge financial risk and

loss. Further research should take steps to metsiggiantity of possible risk and loss.
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Timeline and countries and virus types of Al outbeaks during January 8, 2004 to

March 15, 2004.

Timeline Country Virus Type
January 8, 2004 Vietnam H5N1
January 11, 2004 Japan H5N1
January 20, 2004 Taipei China H5N1
January 23, 2004 Thailand H5N1
January 26, 2004 Cambodia, and Hong Kang H5N1
January 27, 2004 Laos H5N1
February 2, 2004 Indonesia H5N1
February 4, 2004 China H5N1
February 11, 2004 Delaware, USA H5N2
February 19, 2004 Canada H7N2
February 23, 2004 Texas, USA H7N2
March 15, 2004 Canada H7N2
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APPENDIX B

Pattern found with PC algorithm with its P-value =0.03 on innovations from a
VEC model on daily stock prices for five poultry rdated firms publicly traded in
US stock markets, 06/01/2001—-04/16/2007

DAFCE

DTSN DCALM

DSAFM DIBA
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APPENDIX C

Pattern found with PC algorithm with its P-value =0.05 on innovations from a
VEC model on daily stock prices for five poultry rdated firms publicly traded in
US stock markets, 06/01/2001—-04/16/2007

DAFCE

DTSH DCALM

DSAFM DIBA
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APPENDIX D

Contemporaneous interrelationship at 5% significage level, 06/01/2001-
03/19/2003

| DSAFM |
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APPENDIX E

Contemporaneous interrelationship at 1% significane level, 03/20/2003-
04/16/2003

DTSH

DSAFM = DCALM

Bk DAFCE
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APPENDIX F

Contemporaneous interrelationship through GES algoithm, 03/20/2003-
06/16/2003

DTSH

DSAFM —8 DCALM

DIBA DAFCE
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APPENDIX G

Contemporaneous interrelationship at 15% significace level, 03/08/2005-
04/16/2007

DTSN

DSAFM 8 DCALM

DIBA = DAFCE
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APPENDIX H

Rolling cointegration rank test with 200-day windav

rolling cointegration rank (200)

—Seriesl
3 —— Series2
§ Series3
= — Series4
— Series5

1 56 111 166 221 276 331 386 441 496 551 606 661 716 771 826 881 936 991 1046 1101 1156 1211 1266
day
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APPENDIX |

Rolling cointegration rank test with 350-day window

rolling cointegration rank (350)

— Series1
—— Series2

Series3
~— Series4
— Series5

1 49 97 145 193 241 289 337 385 433 481 529 577 625 673 721 769 817 865 913 961 1009 1057 1105 1153
day
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