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International Pork Trade and Foot-and-Mouth Disease

Abstract

International pork trade has not only been inflleshby trade agreements but also altered
by consumer perceptions on disease-infected aniniais study uses a gravity model
with fixed-effects to investigate how pork tradeaiffected by foot-and-mouth disease
among 186 countries. Results confirm that pork exfadls when an exporting country
develops FMD. Exporters with a vaccination poliagvé larger negative impacts than
those with a slaughter policy. Further, pork impostthat develop FMD and institute a
slaughter policy will import more pork, but impadewith a vaccination policy import
the same level of pork. In order to retain a positas a top pork exporter, a slaughter
policy is often a better choice than a vaccinapohcy.

Key words foot-and-mouth disease, pork exports, regiorzdragreement, gravity
model, zero-valued trade.

Introduction

Food safety scares affect consumption behavior,faod safety and animal life issues
are increasingly impacting international agricudlutrade. Member countries of the

World Trade Organization (WTQO) can apply measuffeth® Sanitary and Phytosanitary
(SPS) Agreement to ensure safe food for consunmetguather to prevent the spread of
pests or disease among animals and plants. Foatanth disease (FMD) is a highly
contagious viral-type disease which infects cloienfed ruminant animals, such as
cattle and pigs. FMD symptoms include fever, emosjcand blister-like lesion on the
hooves, lips, mouth, teats, and tongue (APHIS, 200Y swine species, about 58

countries were infected by FMD during 1996 to 2081, the volume of the international



pork exports still grew from 3.7 to 8.3 million ®r(figure 1). The volume of pork
imports has steadily grown from 1996 to 2007, betvtolume of pork exports exhibits a
drop during 1997 and 2000. The pork market angdugporting industries in importing
and exporting countries were influenced by FMD, soitne countries (and firms) were
gaining market share but others were not.

Figure 1: Pork Imports/Exports and FMD Outbreaks
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Sources: UN Commodity Trade Database and Offidatefnational Epizootics.

These FMD-infected countries reported a total lmfua 255 FMD outbreaks in
swine species to the Office International des Epies (OIE) from 1996 to 2007. Many
of these FMD-infected countries were eventuallyeabl regain a position of FMD-free

regions, yet others are still suffering from it. AMD outbreak diminishes livestock



production in all stages (due to slaughtering tieeakse-infected herds or lower herd
health) and reduces consumption for meat productgshe short-run (Yeboah and
Maynard, 2004; Roh, Lim, and Adam, 2006). If conption can return to its original

level within a short period of time, pork imports &an importing country may not be
hindered, which implies pork exports in an exp@tioountry could be stimulated,

assuming other factors constant.

International pork trade can be hindered or stitedldoy FMD outbreaks. Pork
exports of an FMD-free country usually increase nvtitee consumption levels of FMD-
infected importing countries return to normal ire tehort-run. Yet, the FMD-infected
importers may not necessarily increase importheghort-run until their consumption
level recovers. Further, pork exports of an FMDeatéd country are usually hindered
from the disease because of import bans by dideasezountries. Therefore, the first
objective of this study is to investigate whether EMD outbreak in a pork exporter
negatively impacts trade.

An FMD-infected country can apply either a slaugtde vaccination policy to
protect domestic animals. The central goal of aigtiéer policy is to strengthen the
efficacy in controlling FMD outbreaks, so all diseanfected animals are slaughtered to
prevent additional outbreaks from FMD spreadingl@ughter policy can create a larger
decline in supply. The central goal of a vaccimatmlicy is to protect healthy animals
from infection. Since a vaccinated animal cannotdoginguished from an infected
animal, countries with a vaccination policy usudiyge the FMD stigma for a longer

period. Pork exports of an FMD-infected countryl séin be hindered at least one to two



years no matter which policy is applied. Howeverkpimports can have two different
consequences when an FMD-infected importing coumitippts a slaughter versus

vaccination policies.

Figure 2a & 2b: Slaughter and Vaccination Policy Adpted by Importing Countries
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It is important to understand the effects of an FbliDbreak for a pork importing
country when two different policies are adoptedslaughter policy (figure 2a) and a
vaccination policy (figure 2b). FMD outbreaks ceed@mpacts on supply and demand
(Yeboah and Maynard, 2004; Paarlberg, et al., 20B8jh supply and demand will
decline as an FMD outbreak occurs in a countryoAstant change on the demand level
in figure 2a and 2b is assumed. The slaughteryulit cause a large decrease in supply
(shift from S to S’ in figure 2a), but supply willot fall as much under the vaccination

policy (shift from S to S’ in figure 2b). FMD-inféed importers with a slaughter policy

would likely increase their imports in the shortrr(from QQ° to Q*Q in figure 2a),

so the first hypothesis is that FMD-infected impeostwill import more if they adopt a

slaughter policy. It is not clear whether FMD-irtls¢ importers with a vaccination



policy would increase or decrease their importéshort-run (fronrQ°Q? to Q°QY in

figure 2b), so the second hypothesis is that FMBeitred importers will not specifically
import more if they adopt a vaccination policy. T8econd objective is to test these two
hypotheses and further to confirm whether FMD-itddoexporters face an impeded pork
trade under these two different policies.

Regional trade agreements (RTAS) are also impoféatdrs that have influenced
agricultural trade in the last three decades (Bamd Bergstrand, 2007; Grant and
Lambert, 2008; Lambert and McKoy, 2009; Sun anddk2610). Among 186 countries,
157 exporting countries had an RTA relation witlother country during 1996 to 2007.
The RTA factor in this studycovers: Free Trade Agreements (FTAs), Economic
Integration Agreements (EIAs), Preferential Tradgréements (PTAs), and Customs
Union (CU). In total, these agreements consist bf dfferent trading groups (see
Appendix | for definitions): AFTA, CAN, APTA, CACMCAFTA-DR, CARICOM,
CEFTA, CEZ, CIS, COMESA, EAC, EAEC, EFTA, EU27, MERSUR, NAFTA,
PAFTA, PICTA, SAARC, SACU, SADC, SAFTA, SAPTA, SPAECA, and TPP.
Hence, the RTA factor can potentially stimulateeinaitional pork trade, so the third
objective is to test whether an RTA increases p@dte among its members.

Because the analysis is for a single commodity iapldides so many countries,
the trade data consists of many zero trade flowsr(66% of the observations are zero).
The data sources are not clear whether the zede ftaws are missing or truly zero

values. If zero trade flows are excluded, it isgilde that important information is being

! Alist of all RTAs (in force) can be retrieved fmohttp:/rtais.wto.org/UI/PublicAllRTAList.aspx



lost on low levels of trade (Eichengreen and Irwir®98), which leads to biased
estimation due to heteroskedasticity. We applyaaity model which has performed well
for measuring the impacts when a large number dcdszare included. In addition, a
Heckman model is used to investigate the effectmatiding zero observations in the
estimation.

Recent developments in the gravity model have @eec two challenges
identified by the literature. The first challengevélves possible endogeneity problems
due to omitted variables. Numerous studies have/stibat fixed effects can account for
multilateral resistance (price) terms (Anderson aad Wincoop, 2003; Feenstra, 2004,
Baier and Bergstrand, 2007; Grant and Lambert, 2808 and Reed, 2010). Hence, the
endogeneity problems due to omitted variables eacodntrolled. The second challenge is
the presence of heteroskedasticity with zero-valmade and the log-linearized gravity
equation. Santos-Silva and Tenreyro (2006 and 208@ demonstrated that the Poisson
Pseudo-Maximum Likelihood (PPML) model is a verytanle estimator for the large
number of zero trade flows under such situatiomss Ftudy contributes to the literature
when an extremely large number of zero observatwasised in the gravity model with
the PPML estimator. Further, an extremely large loermof zeros may lead to the
variance exceeding the mean (called overdispersioie consequences of
overdispersion are a violation of the assumptiorhofmoscedasticity and misleading
inferences. This study also applies a negativerbialb(NB) estimator, which has more
advantages in dealing with overdispersion, to @sttrthe results with the PPML

estimator. Therefore, the fourth objective is t@lgpthe PPML estimator with fixed



effects and the NB estimator to further distinguibk impacts of FMD and RTA on
international pork trade.

Several other factors may also affect pork expastegsh as common official
language, past colonial connections, and religibekefs. Countries with a common
language and past colonial connections are moetylito trade with each other due to
similar culture. Muslims and Jews are prohibitedcemsume pork, so countries with
larger groups of Muslims and Jews are not likelymport pork. The last objective is to
identify the influence of these factors on porkd&gaThis study contributes to basic
understanding of the impacts of FMD outbreaks ierimational pork trade, the role of
RTAs, and other important factors, while analyzihgir difference influences in FMD-

infected and FMD-free countries.

Literature Review

Numerous studies have found that FMD outbreaks daamatically influence

consumption behavior, market prices, productioalirstages, and meat products’ trade.
Yeboah and Maynard (2004) discovered that consunesgonded negatively to FMD

outbreaks and decreased their consumption levidl@rshort-run. Roh, Lim, and Adam
(2006) estimated the negative effects of FMD ouwtkseon cattle, beef, hog, and pork
prices in Korea during 2000 and 2002. Costa, Besstel Rosson (2011) found that beef,
pork, and chicken export prices in Russia decliaéidr its FMD outbreak due to the
imposition of an import ban. These prices revettedormal after the import ban was

overturned. Paarlberg, et al., (2008) identified tmpacts of FMD outbreaks, which



caused pork and hog prices to decline. All pricaded up recovering after three to five
guarters based on standard- and high-outbreak segndarvis, Cancino, and Bervejillo
(2005) concluded that FMD outbreaks still impedeicadfural trade among many
countries. Past FMD research demonstrates that EMtDreaks can create dramatic

impacts on supply and demand in the short-run.

The Gravity Model

The gravity model is widely used to examine bilatdrade flows (Anderson, 2008).

Numerous studies reveal how to measure the impaictsegulations, policies, and

standards on food trade using this model (Swan@j.etl996; van Beers and van den
Bergh, 1997; Peridy, et al., 2000; Wilson and Oits2@04; Anderson and van Wincoop,
2004; and Anders and Caswell, 2009). Recent reseass recognized possible
endogeneity problems due to omitted variables (Aswleand van Wincoop, 2003) and
the presence of heteroskedasticity when usingifegtized specifications of the gravity
model (Santos-Silva and Tenreyro, 2006) or wheruekag zero observations (Hurd,

1979).

The first formal theoretical foundation of the gtgwequation was provided by
Anderson (1979). Due to the omitted bias concemcép) in the gravity equation,
Anderson and van Wincoop (2003) point out that aper gravity equation must
recognize endogenous multilateral prices termsbfl@ateral trade countries. Anderson
and van Wincoop (2003) and Feenstra (2004) suggasg country-specific fixed effects

as an alternative method in specifying multilatgyate terms for computational ease.



Baier and Bergstrand (2007) confirm that countrgesiic fixed effects are not able to
eliminate the endogeneity bias if an FTA coeffitienincluded, so they used country-
and-time fixed effects under a panel setting to larptime-varying multilateral
resistance terms, such as RTAs. Grant and Lamp@@8] also demonstrate the gravity
model with a series of fixed effects showing RTApewts on member trade. These
studies show that properly applied fixed effects asoid endogeneity problems due to
omitted variables.

It is common to use log-linearized specificationsai gravity model equation.
Santos-Silva and Tenreyro (2006) point out thaefdoskedasticity can be quantitatively
important in a gravity equation because Jensereguality, i.e.E(Iny)#InE(y), is
neglected. When observations of the dependenthlariaclude zeros, the problem of
heteroskedasticity leads to biased estimation, éwbe gravity equation is controlled by
fixed effects. Hurd (1979) indicates the problenheferoskedasticity can be enlarged if
zeros are excluded. Santos-Silva and Tenreyro [2p88pbose an augmented gravity
equation in levels using a Pseudo-Maximum-Likelthd®ML) estimator, which can
handle zero-valued trade, so the problem of hetedssticity can be avoided.

Santos-Silva and Tenreyro (2006) use Monte Carfwlsition to show that the
Poisson PML (PPML) estimator is relatively robusidaadequately behaved among
different estimators including ordinary least sgué®LS), Tobit, non-linear least square
(NLS), and PPML. Their simulations show that theMRRestimator is still well behaved
among different estimators when the dependent hariss non-negative (Santos-Silva

and Tenreyro, 2006; 2009). Westerlund and Wilhetmg2009) also examine the effects



of zero trade with the gravity model using a Mo@&rlo simulation under a panel data
structure. They had up to 83% of the values eqgalero for the dependent variable in
their simulations. They also suggest using thedeoidixed effects estimator. Hence, this
study contributes to the literature on the extrgnta@ige number of zero observations in
the gravity model and the PPML estimator.

Sun and Reed (2010) were the first to use the PB8limator with fixed effects
in the gravity model to deal with FTA variables agricultural trade. The potential
endogeneity problems with the FTA variable invohexerse causality between higher
trade volumes and trade agreements (Sun and R6&4).ZTheir application of fixed
effects shows that the endogeneity problem frontteohivariables can be controlled. The
endogeneity problem involves bias and underestsnidie parameters (Lee and Swagel,
1997). Finding instrumental variables (IV) is arteahative traditional solution for
endogeneity problems, but Baier and Bergstrand {R@0nclude that IV estimation is
not a reliable approach for dealing with the endegy bias. They propose a gravity
model with country-and-time fixed effects underamel data structure to account for the
endogeneity problem. Hence, this study will appFRML estimator in a gravity model

with country-and-time fixed effects under a pareiadstructure.

Data and Empirical Models

Data
Bilateral trade dataX{;) in U.S. dollars from 1996 to 2007 for pork exjosre derived

from the United Nations Commodity Trade Statisfatabase (http://comtrade.un.org).
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The sample period of the data is three-year interffeom 1996 to 2005 plus 2007, the
last year of data) in order to reduce computatiotiade and eliminate possible

autocorrelation. There are 172,050 observati@gBsx185x5) that include 165,675 zeros

(over 96% of the samplelPork exports are Harmonized System (HS) codin@30R6.,
meat of swine, fresh, chilled, and frozen. The rdsocof FMD outbreaks and control
policies from 1996 to 2007 come from the OIE (Hfgpww.oie.int/hs2/report.asp?
lang=en). Real gross domestic product (RGDP) in ddBars is obtained from the FAS/
USDA (http://www.ers.usda.gov/Data/MacroeconomicBjstance, colonial relations,
and common official language are collected from @entre d’Etudes Prospectives et
d’'Informations Internationales (http://www.cepildnglaisgraph/bdd/distances.htm). The
RTA variable shows if the exporting country has BARelationship with the importing
country and is collected from the WTO website.

The definition and statistical summary of variabdége shown in table 1. Annual
total value of pork exports among 186 importing rdoies (shown in Appendix Il)
averaged $0.4 million (U.S. dollars). The averagm IGDP for these countries is $224
billion (U.S. dollars) annually. The average dist@ametween the largest urban areas for
the countries is 7,936 kilometers. Almost 16% @f ditvservations represent that countries
use the same official language. Only 0.7% of theeolations reveal that countries have
past colonial connections. From 1996 to 2007 owrcéuntries had FMD outbreaks
(about 12 percent of the observations). Over sikgyg of the observations have trading

countries with an RTA connection.
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Empirical Framework
This study employs a gravity model with the PPMltireator by controlling several
different fixed effects for comparisons. Each resdlthe PPML estimator will contrast
with the results of a NB estimator. We specify ¢émepirical models for the first objective
as:
(A) Only time fixed effects
(1) In X, =a, +a; +a,In(RGDR) +a,(RGDR,) + a,(Dist; ) +a,(Lang;) +
a5(Col45)) + a;(Muslim)) + a,(FMD, ) + a,(FMD ) + a4 (RTA, ) + ¢,
(B) Time and bilateral country pair fixed effects
(2) InX;, =a, +a +a; +a,In(RGDR) +a,(RGDR) +a,(FMD,) + a,(FMD, ) +
a,(RTA,) +¢;

(C) Bilateral country pair and country-and-timeédik effects

ijt

(3) Inli
(RGDR)(RGDR,)

— 8 8 6
}—0’04'0'” +ait +ajt +0'9(RT'%1)+8ijt

In equations (1) to (3), denotes timej, denotes exporting country apdlenotes

importing country;ln X.. is the log of pork export value from exporting oty i to

ijt

importing countryj in timet; a’ are time fixed effectsa'if denote bilateral country pair

fixed effects;a’ and aﬁ denote country-and-time fixed effects to accowplieitly for
the time-varying multilateral price terms. BoRGDR and RGDR, are real gross

domestic product of the exporting and importing rdaes, respectively, as a proxy for

12



economic sizeDist; is the distance between exporting countand importing country

used as a proxy for transportation costs. Othegigghic and preference similarities,

such as sharing a common langudgang,;), past colonial connections since 1945
(Col45,), and religion in importing country (Muslim;), are commonly used in gravity
equations.RTA, is a dummy variable indicating the existence ofegional trade
agreement between the exporting countaynd importing country. The variableFMD,
(FMD;,) denotes a dummy variable indicating the exportimgntryi (importing country

j) with FMD. The g, is assumed to be a log-normally distributed eteom.

Equation (1) presents a basic gravity model withetifixed effects, and further

identifies whether the coefficients of variablese.,i Dist;, Lang;, Col45, and
Muslim;, have the expected signs. Equation (2) has timebdatéral country pair fixed
effects which account for all time-invariant biletebarriers, sdist;, Lang;, Col45,,
and Muslim;, are excluded and explained by fixed effects. Hqnaf3) not only has

bilateral country pair fixed effects but also cayrand-time fixed effects which account
for multilateral resistance (price) terms. The ablesFMD, (FMD,) are excluded and
explained by the fixed effects. The income coefints are restricted to unity in equation
(3), which is consistent with the theoretical gtgvnodel in Anderson and van Wincoop
(2003).

(D) Policy effects with time fixed effects

(4) InX;, =a,+a +a,In(RGDR) + a,(RGDR) + a,(Dist;) +a,(Lang,) +

13



a5(Col45)) + a,(Muslim)) + a,(FV, ) + a5 (FV,) + a,(FS,) + a,,(FS;) +
a,(RTA) +¢&;
(E) Policy effects with time and bilateral counpgir fixed effects
(5) InX;, =a, +a; +a] +a,In(RGDR) +a,(RGDR)) + a, (FV,) + ag(FV, ) +
ao(FS,) +ay(FS,) +a,,(RTA, ) + ¢,
The empirical models for the second objective aggessed in equations (4) and

(5)- The variables=V, (FV,) denote an interaction dummy variable indicating mvttee

exporting countryi (importing countryj) with FMD adopts a vaccination policy; the

variablesFS, (FS;) denote an interaction dummy variable indicating mvttee exporting

countryi (importing countryj) with FMD adopts a slaughter policy. The otheriatles

are defined previously. Equations (4) and (5) idenbe parameters of vaccination and
slaughter policies for FMD-infected countries. dpecifications of equation (4) and (5)
are the same as equations (1) and (2), respectieetept for the parameters related to
FMD. The model specifications controlling for botountry-and-time and bilateral
country pair fixed effects in identifying vaccinati and slaughter policies are the same as

in equation (3).

Empirical Results

The empirical results contain several comparissnosh as the PPML estimator versus
NB estimator, models with different fixed effeclBMD impacts on exporters versus

importers that vary between slaughter and vacanapiolicies, and treatment of zero-

14



valued trade. The empirical results of the NB eston are only for comparing the
coefficient signs and significant levels to theutesof the PPML estimator, since the NB
estimator varies with the scale of the dependenabig. The NB estimator has a well-
known advantage in dealing with overdispersion, iarglimportant to make sure that the
PPML estimator generates similar signs and sigmfe levels when there is an
extremely large number of zero observations.

The empirical results are reported in Tables 2 an@&ach coefficient has its
expected sign and is significantly different frorar@ Coefficients forRGDR; and
RGDR;, are close to unity which allows us to restrictiem when we apply the bilateral
country pair and country-and-time fixed effectsTable 2. The coefficientSist;, Lang;,
Col45;, andMuslim have the expected signs and are significant at%édevel in Table
2 and 3 when time fixed effects are controlled. @armg to the results of the NB
estimators, the estimated parameters for thesablarare significant at the 1% level and
have expected signs. The larger distance betweamnireges means higher transportation
costs, so the negative sign is expected. Amongnat®nal pork traders, if countries
have a common official language and colonial cotiaes, then they are more likely to
have pork trade with each other. Religious belieéts, Muslims and Jews, have an
important role and negatively impact internatiopatk trade.

In Table 2, the estimated parametersAMD;; have the expected negative sign
and are significantly different from zero for all the estimation techniques, indicating
FMD has negative impacts on pork exporters. Thslteconfirms that FMD-infected

exporters reduce shipments when they were confiragedan FMD-infected region.

15



Estimated parameters f6iMD; have the expected signs and are significantlyecifit
from zero when time fixed effects are used; furttiee estimated parameters are similar
between the PPML and NB estimators. When bilaahtry pair and time fixed effects
are used these coefficients are positive, but igoifecantly different from zero. The NB
estimation shows result very similar to the PPMLdelo FMD-infected importers may
not increase pork imports with an outbreak. Howetegse results do not distinguish
between slaughter and vaccination policies.

In Table 3, the estimated parameters Fdf; have the expected signs and are
significant at the 1% level for all of the estinmatitechniques. The estimated parameters
for FS; have the expected signs and are significant atlf#televel for all of the
estimation techniques, except for the NB estimatith time fixed effects. Any pork
exporter with FMD faces lower pork exports no nratéhich policy, slaughter or
vaccination, is adopted. However, an FMD-infectegogter with a vaccination policy
encounters a larger negative impact than an FMBetefl exporter with a slaughter
policy; no matter which fixed effects are contrdll@ his implies that a slaughter policy
can result in smaller negative impacts than a vetian policy for exporting countries.

Pork importers with FMD may not necessarily imparbre pork depending
which policy is adopted. Except for the resultlté NB estimator with time and bilateral
country pair fixed effects, the estimated paranseter FS; have the expected signs and
are significant at the 1% level for all estimatitechniques. FMD-infected importers
increase pork imports when they adopt a slaughdkeyp as reflected in figure 2a. Due

to the supply shortage, FMD-infected importers watlslaughter policy would need to

16



increase their imports. The estimated parameter&Wy are not significantly different

than zero and have different expected signs, eXoefhe result of the PPML estimator
with time fixed effects. This implies that FMD-irtked importers with a vaccination
policy may not significantly increase pork imporihis result confirms the second
hypothesis that FMD-infected importers will not sifieally import more if they adopt a

vaccination policy, as reflected in figure 2b.

As mentioned before, exporters with a vaccinatioficg have larger negative
impacts on pork trade than those with a slaughtéicyp A country could import and
export pork (e.g., the U.S.). Thus, an FMD outkreauld impact exports and imports.
If one compares the aggregated impacts (adding rexgnad import effects) of a
vaccination policy versus a slaughter policy irartry, the slaughter policy would have
smaller negative impacts on international trade thiah the vaccination policy. Hence, a
slaughter policy not only strengthens the efficacgontrolling FMD outbreaks, but also
eases the impacts of FMD outbreaks. FMD outbreaksimpair the global food chain
and international pork trade. In order to retairpasition as a top pork exporter, a
slaughter policy seems a better choice than a nation policy.

The estimated parameters for R€A; variables also have the expected positive
sign and are significant at the 1% level in Talesnd 3 for all estimation techniques.
These empirical results contribute to the literataf RTA factors in agricultural trade
(Grant and Lambert, 2008; Sun and Reed, 2010). WieeRTA is included in the model,
it is important to avoid endogeneity problems doeoinitted variables. In table 2, we

include country-and-time fixed effects under a pasetting to control time-varying
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multilateral price terms. These fixed effects welbver those related variables with
bilateral and countries-by-time factors, so thengstied parameters for the RTA will be
identical and only present in the table 2. Notd tha estimated parameters of variable
RTA; are all very similar in magnitude among the PPNlineators, and have identical
results with the NB estimator. This implies that trariableRTA; may present less of an
endogeneity problem for these PPML and NB estinsalyr controlling different fixed
effects. The endogeneity concern seems less proadugven when the primary results
are only controlled with time and bilateral counpajir fixed effects in table 2 and 3.

Over 96% of our sample data consist of zero-valiade. This study uses a
Heckman model as a final test to identify the @fexf including zero observations in the
sample. The indication of the Mills ratio in the dkenan model can confirm that the
absence of control for zero observations may géméiased results (Disdier and Marette,
2010). TheFMD; and FV;; variables are excluded for the Heckman model thuce
collinearity concerns for the PPML regressions abl€ 2 and 3, respectively (Puhani,
2000). The results of the inverse Mills ratios mble 2 and 3 reveal that there is indeed a
selection bias, and the empirical results are 8agmtly different when zero observations
are excluded. If we exclude these zero observatmumsempirical results may be biased.
In other words, these zero observations do possgestant information for international

pork trade, so they should be included in the model
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Conclusion

Our research findings confirm that FMD-infected estprs suffer from reduced pork
exports, but FMD-infected importers may not inceetigeir pork imports, depending on
which policies importers adopt. FMD-infected coiggrcan adopt either a slaughter or
vaccination policy. Among pork exporters, countriggh a slaughter or vaccination
policy suffer reduced pork exports; countries wéhslaughter policy have smaller
reductions than those with a vaccination policy.

Among pork importers, countries with a slaughteligyotend to increase pork
imports due to the shortage of domestic supply. él@r, importing countries with a
vaccination policy do not significantly increasalponports. The aggregate impacts for a
country with a slaughter policy are smaller thaasth with a vaccination policy. This
implies that a slaughter policy not only controlst lalso eases the impacts of FMD
outbreaks. In order to retain a position as a ta pxporter, a slaughter policy seems a
better choice than a vaccination policy. Better arathnding of importer countries'
reactions to FMD helps bilateral trade negotiatsbrategies that reduce the loss from
FMD outbreaks, and also helps agribusinesses tdin strategic response to the animal
health scare.

The existence of an RTA also influences pork exgartd imports. About 157
exporting countries had an RTA relation with otheuntries in the sample during 1996
to 2007. Our empirical findings on the RTA corresgand contribute findings on the

FTA and RTA effects. The results indicate that sdAvD-infected importers do not
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import more pork, but those following a slaughtesliqy and those with an RTA
connection do.

The concerns of endogeneity and heteroskedashaig often been raised with
gravity models. The endogeneity problem is corgcblhere with bilateral country pair
and country-and-time fixed effects, and the emairiesults are consistent among the
different ways for controlling fixed effects. Theteroskedasticity problem exists in our
trade data whether zero observations are includedto Over 96% of the observations in
the pork trade data base consist of zero obsengtidence, it is important to examine
whether sample selection bias exists. The restitteedHeckman model indicate that zero
observations should not be eliminated. Hence,shidy contributes to the application of
the PPML estimator using an extremely large nundfezero observations. The PPML

estimator shows its application successfully wimetuiding this extreme number of zeros.

20



References

Anders, S.M. and J.A. Caswell. 2009. “Standard asi&s versus Standards as Catalysts:
Assessing the Impact of HACCP Implementation on. 3&afood Imports.”
American Journal of Agricultural Economi®4(2):310-21.

Anderson, J.E. 1979. “A Theoretical Foundationtf@ Gravity Equation.American
Economic Review9(1):106-16.

Anderson, J.E. “International Trade Theorytie New Palgrave Dictionary of
EconomicsSecond Edition, Eds. Steven N. Durlauf and Laweda. Blume.
Palgrave Macmillan, 2008.

Anderson, J., and E. van Wincoop. 2003. “Gravitthv@ravitas: A Solution to the
Border Puzzle.’American Economic Revie®8:170-92.

Anderson, J. and E. van Wincoop. 2004. “Trade Cbdtsirnal of Economic Literature
42:691-751.

APHIS, 2007. Foot-and-Mouth Disease. Factsheegniretry Services, USDA,

February 2007.

Baier, S.L., and J.H. Bergstrand. 2007. “Do Frezd€rAgreements Actually Increase
Members’ International TradeJburnal of International Economical:72-95.

Costa, R., D.A. Bessler, and C.P. Rosson. 2011e ffipacts of Foot and Mouth Disease
Outbreaks on the Brazilian Meat Market.” Paper @nésd at the annual meeting of

AAEA, Pittsburgh, PA 24-26 July.

21



Disdier, A.-C., and S. Marette. 2010. “The Comhimaf Gravity and Welfare
Approaches for Evaluating Nontariff Measure&rherican Journal of Agricultural
Economic92(3):713-26.

Eichengreen, B., and D.A. Irwin. 1998. The Roldddtory in Bilateral Trade Flows.
NBER Chapters. InThe Regionalization of the World Econgreg. Jeffrey Frankel,
33-57. Chicago: University of Chicago Press.

Feenstra, R.CAdvanced International Trade: Theory and Evideméew
Jersey:Princeton University Press, 2004.

Grant, J.H., and D.M. Lambert. 2008. “Do AgricuiliTrade Agreements Increase
members Agricultural TradeAmerican Journal of Agricultural Economics
90(3):765-82.

Hurd, M. 1979. “Estimation in Truncated Samples Whwere is Heteroscedasticity.”
Journal of Econometric$1(2-3): 247-58.

Jarvis, L.S., J.P. Cancino, and J.E. Bervejilldd20The Effect of Foot and Mouth
Disease on Trade and Prices in International Besgkkts.” Presented at
Agricultural & Applied Economics Association Annuabnference, 2005.

Lambert, D.M., and S. McKoy. 2009. “Trade Creatéomd Diversion Effects of
Preferential Trade Associations on Agricultural &wbd Trade.'Journal of
Agricultural Economic$0(1):17-39.

Lee, J.-W., and P. Swagel. 1997. “Trade Barriets Brade Flows across Countries and

Industries.”"Review of Economics and Statisti&372—-82.

22



Paarlberg, P.L., A.H. Seitzinger, J.G. Lee, and.Kvidthews. 2008Economic Impacts
of Foreign Animal Diseas&Vashington, D.C.: U.S. Department of Agriculture,
Economic Research Service. ERR-57, May.

Peridy, N., P. Guillotreau, and P. Bernard. 200e’ Impact of Prices on Seafood Trade:
A Panel Data Analysis of the French Seafood Markdarine Resource
Economicsl5(1): 45-66.

Puhani, P.A. 2000. “The Heckman Correction for S@nplection and its Critique.”
Journal of Economic Surveygl(1):53-68.

Roh, J.S., S.S. Lim, and B.D. Adam. 2006. “The lotpaf Foot-and-Mouth Disease
(FMD) on Hog, Pork, and Beef Prices: The Experiend¢éorea.” Presented at
NCR-134 Conference, 2006.

Santos-Silva, J.M.C., and S. Tenreyro. 2006. “Thg &f Gravity.”The Review of
Economics and Statisti&3:641-58.

Santos-Silva, J.M.C., and S. Tenreyro. 2009. “Farr@imulation Evidence on the
Performance of the Poisson Pseudo-Maximum Likebh&stimator."CEP
Discussion PapeNo. 933 Centre for Economic Performance, Londdq, U

Sun, L., and M.R. Reed. 2010. “Impacts of Free &rddreement on Agricultural Trade
Creation and Trade DiversionRmerican Journal of Agricultural Economics
92(5):1351-63.

Swann, P., P. Temple, and M. Shurmer. 1996. “Staisdand Trade Performance: the

UK Experience.’"Economic Journal06:1297-1313.

23



van Beers, C. and C.J.M. van den Bergh. 1997. “Apiical Multi-Country Analysis of
the Impact of Environmental Regulations on Fordigade Flows.’Kyklos
50(1):29-46.

Westerlund, J., and F. Wilhelmsson. 2009. “Estingathe Gravity Model without
Gravity using Panel Data&pplied Economic41:1466—-4283.

Wilson, J.S. and T. Otsuki. 2004. “To Spray or oSpray: Pesticides, Banana Exports,
and Food Safety.Food Policy29(2):131-46.

Yeboah, G., and L.J. Maynard. 2004 “The Impact 8EBFMD, and U.S. Export
Promotion Expenditures on Japanese Meat DemangderRaesented at the annual

meeting of AAEA, Denver CO, 1-4 August.

24



Table 1. Descriptive Statistics of Variables (N =72,050)

Variables Description of variabl Mean Std. Dev. Min. Max.

Exports  Annual total value of countries’ pork exports (U$Sn thousand: 411 11,900 0 1,540,000
(Xi)

RGDP Annual real GDP for exporting countries (2005 U in billions) 224 960 0.052 13,050
(RGDRy)

RGDP Annual real GDP for importing countries (20U.S. $ in billions) 224 960 0.052 13,050
(RGDR))

Distance The shortest distance frothe largest population regions to the U.S. 7,936 4,492 35 19,780
(Distj))  (km)

Language Discrete variable=1 if importing countries use saffeial language 0.156 0.363 0 1

(Langj)  with exporting countries

Col45 Discrete variable=1 if importing countries had co#b relations witk 0.007 0.082 0 1

(Col45;) exporting countries since 1€

Muslim  Discrete variable=1 if over 50% of Muslim population importing 0.237 0.425 0 1

(Muslim) countrie:

RTA Discrete variable=1 if importing countries had RTéations with 0.062 0.241 0 1

(RTAy)  exporting countrie

eFMD Discrete variable=1 if exporting countries had FMiibreaks in tim¢ 0.113 0.316 0 1

(FMDy) t

iIFMD Discrete variable=1 if importing countries had FMiDtbreaks ir 0.113 0.316 0 1

(FMDy)  timet

eFMD*V Discrete variable=1 if exporting countries had FMDtbreaks an 0.073 0.260 0 1

(FVi) applied a vaccination poli

eFMD*S Discrete variable=1 iexporting countries had FMD outbreaks and 0.073 0.260 0 1

(FS) applied a slaughter poli

iIFMD*V  Discrete variable=1 if importing countries had FMDtbreaks an 0.040 0.195 0 1

(FVi) applied a vaccination poli

IFMD*S  Discrete variable=1 iimporting countries had FMD outbreaks and 0.040 0.195 0 1

(FSY applied a slaughter poli
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Table 2. The Impacts of FMD in the Comparisons of ferent Estimators and Fixed Effects

Dep. Variable: PPML Neg. Binomial PPML Neg. Binomial PPML Neg. Binomial
X (a) (a) (al.ay) (al.ay) (a7.af.ay) | (a7.af.a})
RGDR 0.625** 0.809** 0.713** 0.676** 1.000 1.000
(0.005 (0.009 (0.015 (0.010 - -
RGDR 0.204p** 0.224 ** 0.215p** 0.256** 1.000 1.000
(0.005 (0.008 (0.013 (0.008 - -
Dist; —0.733p** —1.046** : :
(0.015 (0.024
Lang; 0.129p** 0.259**
(0.036 (0.056
Col4g; 0.683[** 1.236|***
(0.079 (0.187
Muslim —0.782p** —0.740**
(0.037 (0.047
FMD;; —0.582p** —0.676*** —0.133p** —0.659p**
(0.043 (0.059 (0.019 (0.050
FMDj; 0.139p** 0.100[* 0.026 0.009
(0.036 (0.058 (0.018 (0.042
RTA: 0.293p** 0.847*** 0.330** 1.510p** 0.293** 1.852}**
(0.035 (0.075 (0.016 (0.039 (0.025 (0.039
N 172,050 172,050 172,050 172,050 172,050 172,050
Log-likelihood —135940 —47242 —56990 —40746 -50417 —37885
AIC 271908 94514 114003 81518 102871 77811
BIC 272049 94665 114114 81638 113118 88067
Mills Ratio 0.089[*

Note: *10% significance, ** 5% significance, and**1% significance; parentheses represent standavd e
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Table 3. The Impacts of FMD in Different Policies $laughter versus Vaccination)

Dep. Variable: PPML Neg. Binomial PPML Neg. Binomial
Xijt (atg) (atg) (atg’aijg) (atg’aijg)
RGDR 0.622p** 0.813** 0.722p** 0.680**
(0.002 (0.009 (0.015 (0.010
RGDR 0.204 0.230** 0.217p* 0.2607**
(0.002 (0.008 (0.013 (0.008
Dist; —0.732p** —1.038*** :
(0.004 (0.024
Lang; 0.130p** 0.276***
(0.010 (0.056
Col4g; 0.665** 1.194
(0.019 (0.186
Muslim —0.779p** —0.722**
(0.012 (0.047
FVit —1.056** —1.274 —0.368** —1.274f**
(0.021 (0.072 (0.034 (0.080
FVit 0.200}** 0.087 —-0.011 —0.041
(0.013 (0.069 (0.023 (0.053
FSt —0.074** 0.119 —0.071** —0.243**
(0.017 (0.095 (0.020 (0.054
FSt 0.039* 0.174 | 0.059 p** 0.078
(0.019 (0.094 (0.021 (0.057
RTA: 0.284p** 0.861*** 0.334** 1.516/**
(0.010 (0.074 (0.016 (0.039
N 172,050 172,050 172,050 172,050
Log-likelihood —135225% —47165 —56951 —-40681
AIC 270483 94365 113928 81390
BIC 270644 94536 114059 81530
Mills Ratio 0.088[*

Note: *10% significance, ** 5% significance, and**1% significance;

parentheses represent standard error.
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Appendix | — Trading Groups

AFTA — ASEAN Free Trade Area

CAN — Andean Community of Nations

APTA - Asia-Pacific Trade Agreement

CACM - the Central American Common Market

CAFTA-DR - the Dominican Republic-Central Ameridaited States Free Trade Agreement
CARICOM — Caribbean Community and Common Market
CEFTA — Central European Free Trade Agreement

CEZ — Common Economic Zone

CIS — Commonwealth of Independent States

COMESA — the Common Market for Eastern and SoutAdrica
EAC — the East African Community

EAEC — Eurasian Economic Community

EFTA — European Free Trade Association

EU27

MERCOSUR - Southern Common Market

NAFTA — the North American Free Trade Agreement
PAFTA — Pan-Arab Free Trade Agreement

PICTA — Pacific Island Countries Trade Agreement

SAARC - the South Asian Association for Regionab@eration
SACU — Southern African Custom Union)

SADC - Southern African Development Community

SAFTA — South Asian FTA

SAPTA — South Asian Preferential Trade Agreement
SPARTECA — South Pacific Regional Trade and Ecan@wn-operation Agreement
TPP — the Trans-Pacific Partnership
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Appendix Il — Countries List

Afghanistan Chad Haiti Micronesia Solomon Islands
Albania Chile Honduras Rep. of Moldova South Africa
Algeria China Hong Kong Mongolia Sri Lanka
Andorra Colombia Iceland Morocco Sudan

Angola Comoros India Mozambique Suriname
Antigua and Barbuda Congo Indonesia Namibia Swaziland
Argentina Costa Rica Iran Nepal Switzerland
Armenia Cote d'lvoire Iraq New Caledonia Syrian Arab Rep.
Australia Croatia Israel New Zealand Taiwan
Azerbaijan Cuba Jamaica Nicaragua Tajikistan
Bahamas Dem. Rep. of the Congalapan Niger United Rep. of Tanzania
Bahrain Djibouti Jordan Nigeria Thailand
Bangladesh Dominica Kazakhstan Norway Togo

Barbados Dominican Rep. Kenya Oman Tonga

Belarus Ecuador Kiribati Pakistan Trinidad and Tobago
Belize Egypt Korea Palau Tunisia

Benin El Salvador Kuwait Panama Turkey

Bermuda Equatorial Guinea Kyrgyzstan Papua New Guinea Turkmenistan
Bhutan Eritrea Laos Paraguay Uganda

Bolivia Ethiopia Lebanon Peru Ukraine

Bosnia and Herzegovin&U-27 Lesotho Philippines United Arab Emirates
Botswana Fiji Liberia Qatar USA

Brazil Gabon Libya Russian Federation Uruguay

Brunei Darussalam Gambia Macedonia Rwanda Uzbekistan
Burkina Faso Georgia Madagascar Saint Kitts and Nevis Vanuatu

Burma Ghana Malawi Saint Lucia Venezuela
Burundi Greenland Malaysia Saint Vincent and the Grenadinégiet Nam
Cambodia Grenada Mali Samoa Yemen
Cameroon Guatemala Marshall Islands Serbia and Montenegro Zambia

Canada Guinea Mauritania Seychelles Zimbabwe

Cape Verde Guinea-Bissau Mauritius Sierra Leone

Central African Rep.  Guyana Mexico Singapore




