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ABSTRACT

THREE ESSAYS ON ECONOMICS OF

HIGHLY PATHOGENIC AVIAN INFLUENZA

Highly pathogenic disease can affect trade between cesinlibw health officials in an
affected country manage a disease event can affect #atipbtmpacts of a disease event.
Highly pathogenic avian influenza (HPAI) and exotic Newcatidease (ND) are two diseases
that affect poultry industries and it is important to undedstaa ramifications of having an
event of either of these diseases. The implicatidas @utbreak are first felt internally, where
domestic markets are affected through changes in stockwiaadhanges. Secondly, the
impacts are external. These external impacts can aothe form of potential trade bans from
importing countries as a result of health concerns. whik analyzes both of these impacts to
provide a holistic understanding of a HPAI or ND event on pdaltry markets.

The first essay models the U.S. egg layer industry to atithe producer and consumer
impacts of a regionalized disease outbreak to compatetiedits of using business continuity
during a disease event. The estimated value of businessuity during a hypothetical disease
event is $13.6 milliorin two quarters. The second essay then determines thesfawbaffect
trade quantities for exporting countries including the efféet disease outbreak on the quantity
traded. Highly pathogenic avian influenza is found to changeahmposition of trade between
different product categories, providing exporters a bettderstanding of how product mixture
might change during a disease event. The third essa lauilthe methodology of the second

essay to compare modeling properties of an improved estimadetermining the factors that



affect bilateral trade quantities. There are smalliefficy gains captured by using a systems
approach, but data are limited due to the methodology, causiadenff between usable
bilateral trade data and efficiency gains in estimafldre three essays combined provide an
overview of how a highly pathogenic disease outbrealaffact U.S. markets for poultry

products both domestically and internationally.
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CHAPTER 1 - INTRODUCTION

Highly pathogenic disease events in animal agriculture aa& ¥evere and lasting
effectsonthe entire food supply chain including production, constonpaind trade. In the
United States, poultry production is a valuable domestic indastwell as export market. The
2015 value of U.S. poultry production was $48.0 billion (USDA-NASS, 201) 1% of total
supply exported abroad (USDA-ERS, 2016)S. consumer preference for poultry products ha
steadily increased over the past 50 years. In 2015, pia capsumption of poultry products
was 106.1 pounds, which translates to 50.3% of total U.S. mesdiroption, making it the top
protein consumed (The National Chicken Council, 2016). Thergantustry is important to
U.S. agricultural production and a highly pathogenic diseasd eae have drastic and costly
ramifications domestically and internationally along the suppéin.

In the poultry industry, exotic Newcastle disease (ND) agtihipathogenic avian
influenza (HPAI) have caused billions of dollars wortldamage worldwide with over 71
distinct events from 2000 to 2015 (OIE, 2015). The United Statekdtha limited number of
highly pathogenic poultry disease events. However, due to theerathighly pathogenic
diseases, the events in the United States have beeresFor example, HPAI was detected in a
small backyard flock in Oregon on December 19, 2014. The viass migrated using bird
migration routes called flyways. From Oregon, wild birds cdrtie virus through the Pacific
Flyway to the Mississippilifway. The total number of birds affected grew to more than 48
million for 219 reported detections before it was eraditatgth the final detection on June 17,
2015 (USDA-APHIS, 2015a)Yotal costs to taxpayers were estimated to be greatef@idn
million according to United States Department of Agriculture (USARHIS,2015b), which

accounts for the government response cost including depa@pldisinfection, and indemnity.
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Additionally, consumers faced drastically higher egg prises i@sult of the disease event
further increasing the total impact (Huang, Hagerman, & BesX)46).

Production losses can be compensated by federal agemhiels,can provide indemnity
and reimbursements for certain disease management ragqoieduring a disease event.
Consumer food prices can be impacted due to negative suqmulyss such as depopulation of
infected animals thatandrive supply shortages of domestic products. Trade fromfacted
country or region can be impacted due to trading decisionspmriimg countries to limit or stop
all trade. Total welfare implications of a disease edepend on the severity and length of the
event.

Each disease event is unique, and affected parties eval lof the supply chain are
impacted differently. If an exporting country could kndwe potential ramifications of a disease
event, they could optimize their response and understandathe of a rapid eradication
strategy. Producers that are able to move their productgydudisease event benefit from
potentially higher prices as a result of product shortagessi®ners are expected to have
negative price implications from a disease event, bugation of supply losses can reduce these
impacts. Processors might be able to better manage stiogkeducts, allocating goods along
their production chain to best meet demand. Exporters weuldtérested in knowing the
expected length of trade disruptions or the factors thatibote to increased trade disruptions.

The overarching theme of poultry disease impact analydisveloped for the following
three essays to analyze highly pathogenic poultry diseastsean the United States, focusing
on total welfare and trade. These essays fill some afdps in the literature surrounding highly
pathogenic poultry disease events by estimating a prodegargtanalysis of trade and

estimating the impacts of business continuity on produaed consumers. The purpose of this



research is to provide industry and government with an uadeliag of the economic impact of
disease management strategies and trade implicationg dutisease event

The objective of the first ess@g/to estimate the economic impacts of business cotytinui
during a disease event. Business continuity allowsithrstries to prepare for unplanned
situations so that they can function as smoothly asigesiuring an unexpected event. The
second essay focuses on international trade implicatibRIPAI and ND disease events using a
gravity model of trade for poultry products. The third essaymethodological extension of the
gravity model analysis to improve efficiency of the Haustawglor (HT) estimator used in the
second essay, focusing on methodological improvementg @stimator with empirical
estimations. This research provides additional informatagpolicy makers to help reduce the
negative effects of highly pathogenic disease events.

The costs of any disease event can be significant, Tthasmperative to have best
disease management practices to reduce the burden ofm@tnadile also maintaining the
security and safety of the food supply. The first esshiyesses these issues by analyzing the
economic impacts of a simulated HPAI outbreak in Minnelkgtiag houses to compare
scenarios that allow for business continuity versus dalfew business continuity. Business
continuity implies a preplanning by industry actors suchrassfor the government so that when
major events occur, the disruptions to business procassesinimized. Business continuity is
paramount for most industries, but especially so for thabehigh debt and asset fixity like the
U.S. poultry industry. Farmers rely on contractual nexestreams to cover the high debt burden
of production. If the revenue streams stop, a layer prodwedd cease to meet financial

obligations within a few days without outside interventiorassistance.



During adisease event such as HPAI, the initial response farabng and eradicating
a highly contagious disease is to establish a conteal aound the infected premises. Movement
restrictions, or stop movement orders, are given fsdltontrol areas, which limits movement
onto and off of farms. These control areas could paignencompass non-infected farms that
would also be subject to the movement restrictions. Egdupeys have limited storage capacity
and are forced to dispose of products due to disease evennfewbéd. The costs of a disease
event can be reduced and business continuity for theilad@stry can be achieved by creatang
process that allows the movement of product from prentisgdest negative for HPAI for a
specified period of time provided in disease spread rislssismants. To estimate these impacts, a
partial equilibrium model is developed for the U.S. layer itjgu®isease shocks are applied
with and without business continuity, and the diseasetstiare compared to assess permitting
movement as a viable disease management practice.nbfysia provides estimates of the
market changes, in prices and quantities, and resultingrevéifgacts of changing disease
management practices to incorporate business continuity.

The focus of the first essay is the domestic implicetiof disease management.
Although international trade is accounted for within thedelmg framework, the focus on U.S.
markets desnot provide any understanding of the international tragdicgations of a disease
event. The second essay addes$isis matter by using an econometric approach to estifmate t
factors that influence the quantity of poultry producssiéd during a highly pathogenic poultry
disease event, HPAIr ND. Estimating a model for international trade thabaicds for the
presence of disease events over time provide policy malames information to plan foa
potential future disease event and the ability to estirhate¢onomic costs of disease-related

polices while accounting for trade implications. PreviouskWw@s investigated factors that



contribute to export revenue recovery after a diseasd,dugrhas not estimated changes in
guantity traded (Johnson et al., 2015). By extending tloeighson to quantity, this analysis
provides insights into commodity-specific bilateral tradingiglens during a disease event and
can provia ex ante insights on potential subsequent trade implications.

To estimate the factors affecting trade, a gravity motigbade is applied to monthly
bilateral trade data for 22 exporting countries that hadeelther HPAI and/or ND within the
time frame of the data. The monthly data spans from 2004 to 8015 different poultry
product categories (e.g., 020711 - Fresh Chicken not cut into piBa¢a)are obtained from the
Global Trade Information System’s Global Trade Atlas. The disease event data are cedpil
from reported disease events through the World Organizatioknimal Health (OIE)
accounting for 71 distinct disease events (Johnson, @04l5). The modes estimated with a
Hausman-Taylor (HT) estimator for panel data to accounnébvidual effects while also
estimating the impacts of time variant and time invanamniables. For each product category, a
separate HT estimation is modeled due to the dimensiooélihe complete bilateral trading
data These results are expected to show differences in thetefif factors that influence trade
of fresh and frozen poultry products differentiated by preingsstage, a level of modeling not
estimated previouslyAn exporting country’s industry and government can use the estimates to
understand the potential shift in import demand for products awlfyrproduction and
processing for export during a disease event given tperter's trade response.

The final essay builds on the methodology of the seesedy to address the need to
estimate each product category individually. The methodaogyloyed in the second essay
does not take into account the underlying factors that influgwecproduct categories

simultaneously due to limitations in estimation. Typica#lyseemingly unrelated regression



(SUR) would be applied to a system of related equationstceeffeciency across the
estimations, which would account for the correlatiorhaérror terms across models. A three-
dimensional HT estimation has been developed and used potikical economy literature, but
has not been employed in agricultural trade analysesleTanalyses that use the HT approach
are two-dimensional in nature as motivated by the dataaailHowever, the data used in the
second essay are three-dimensiordaltime, 2) bilateral trade partners, and 3) individual product
categories. To address this issue, a seemingly unrelatechbiadzylor estimator (HT-SUR)
will be used to estimate the three dimensional model.eTtesailts will be compared with
individual modeling as detailed in the second essay. Themsgsapproach will be applied in an
empirical estimation using data from the second essayding those observations that can be
estimated with a SUR approach. This methodologicahsikia expands the HT estimator for
three-dimensional data not found in current economics litexand can provide researchers
with efficiency gaining methodology.

Each of the three essays creates better understaridhmyeconomic impacts of a
poultry disease event in the United States as starelatodies. However, it is also the intention
of this work to show complementarity of the findings fromale essay to describe the
implications of an avian disease event across theeeupply chain from consumers to
international trading partners. The analyses provideareh into the different levels of the
supply chain to estimate the effects of domestic disesg®nse throughout the economy and
the factors that influence trade during a disease eveaseldnalyses provide industry,
government, and researchers with valuable insights thdiecapplied to future animal health

events.



CHAPTER 2 - ECONOMIC IMPACTS OF BUSINESS CONTINUITY ON AN OUTBRE

OF HPAI IN MIDWEST EGG LAYING OPERATIONS

INTRODUCTION

Animal disease outbreaks, especially those involving pathdganare transboundary
and/or zoonotic, can have substantial potential for seyeidemiological and economic impacts
throughout the animal supply chdifthe U.S. federal government’s response to a positive
identification of highly pathogenic avian influenza (HPAl)jstamping out or depopulation of
infected and contact premises. In addition, control aaeasreated around infected premises and
restrictions of the movements of poultry and poultry préslugthin and out of these control
areas may be implemented, including stop movement orders (WSBAS, 2012Y A stop
movement order disease management strategy can haveetab&deconomic implications for
producers, and depending on the concentration of affecteldqers within the control area,
could distress the entire industry. These potentialemprences have led stakeholders to question
whether or not there are cases where, after assessingkhit is deemed economically
beneficial to allow monitored premises to move product welnit from inside of to outside of a

control are&.

! Transboundary diseases are those that are highly transm@sdzintagious and are not limited to a
specific geography such as national borders. Zoonotic diseasafeat®ils diseases transmissible
between animals and humans.

% A disease response plan reflecting changes to movement aegntdtions as suggested by business
continuity work and the Secure Egg Supply Plan, has beendIi(&f8DA-APHIS, 2015).

3 A monitored premises is an Atk premises within a control that “objectively demonstrates that it is not
an Infected Premises, Contact Premises, or Suspect Premises” (USDA-APHIS, 2015).



Business continuity planning is a means for industriesdpgse for unplanned events so
that businesses can function as smoothly as possiblehgitbast disruption during these events
(Miller & Parent, 2012; Zsidisin, Melnyk, & Ragatz, 2005). Qatks of HPAI in commercial
poultry can have many economic impacts on producers ¢oatinact and independent),
processors (integrators), and consumers, as evidenced 2Q1i#he2015 outbreak of HPAI in
domestic egg layer flocks in the United States-fanning for animal disease outbreaks such as
HPAI can potentially alleviate some of these businesgst(elennessey et al., 2010)

Studies have estimated the economic impacts of HPAlariaty of geographic
locations including Southeast Asia (Rush&bal., 2005) and the United States (Djunaidi &
Djunaidi, 2007). The transboundary nature of HPAI lends iteedtimations of the economic
cost of outbreaks and spread between closely connected esyBteato & Capua, 2011). The
use of spatial equilibrium modeling has been used heavily ie giadies because of its tractabl
nature and ability to estimate economic implicationsrgna disease event (Paarlberg,
Seitzinger, & Lee, 2007; You & Diao, 2007). Johnson et al. (201#aed the potential
economic impacts of a hypothetical HPAI outbreak on e supply chain for broilers,
turkeys, and egg production. Their research estimated gaeimof regionalization, (i.e., a
separation of a specific section of geography from thieafehe United States.) In their work,
Texas was regionalized during an HPAI outbreak. When tratiécteons were concentrated on
Texas, the impacts of HPAI were lessened on the rébedfnited States.

Objective

Similar to previous literature, the current analysis usg®nalization during a

hypothetical outbreak of HPAI as a means of preserving gtienal trade for the regions of the

United States not affected by the outbreak. The goal op#pusr is to evaluate the economic



consequences of allowing business continuity during aneakbpecifically, this work
evaluates the economic impacts of a hypothetical HPAlreakbin the State of Minnesota by
guantifying the regionalized domestic production and markettsfivhile accounting for
possible changes in international trade. Using diseasadpliata derived from an
epidemiological model, a partial equilibrium model of th& Lkgg laying industry is constructed
to assess the impacts of the movement of nest run aetigs and from within to outside of,
control areas, as well as the ability of regionalizatm meet domestic needs.

Figure 2-1 is a simplified schematic of the U.S. egg industrilining the diversion of
egg products. Egg layers produce either hatching eggs or nestetbeggs, more commonly
called shell eggs. Hatching eggs are excluded from this anadygieyaare produced through
special breeder houses and are not substitutable aatketrtevel for consumption eggs. Shell
eggs are diverted into table eggs or breaker eggs (to berfprdoessed into specific final
consumption products). Prior to packaging into cartons, &gge must be processed (i.e.,
graded, washed, and sanitized). These cartons are then slipptadiérs or final consumers.
Breaker eggs are broken and processed into liquid, driedyzenfieggs. These egg products can
be packaged and sold as processed eggs or used as inputs inauthoflucts. For this study,
liquid, dried, and frozen eggs are aggregated into one group called “processed eggs.”

As the first study to estimate the economic impactausiness continuity, this analysis
opens the dialog for benefits and costs to affected paitieng a disease outbreak. Economic
assessment of permitted movements will provide governmmenindustry decision makers ar
ante evaluation of the potential plausibility and effectivemef an outbreak response strategy

that provides industry with business continuity.



BACKGROUND

Since 2006, risk analysts at the USDA’s Center for Epidemiology and Animal Health
have participated in a joint collaborative effort witdustry, federal and state agencies, and
academia, called the Egg Sector Working Group. This group ediitfegg@otential risk of HPAI
spread given movement of various poultry products from pesniigated in close proximity to
a known infected premise during an outbreak. The collaleratffort is in support of the
USDA’s Animal and Plant Health Inspection Service’s (APHIS) emergency preparedness and
response planning. In response to topics identified by the Egor $%orking Group, a set of
proactive risk assessments have been crafted to anbéydesease spread risk of movement
within and from inside to outside of a control area fariaus egg productsThese assessments
adhere to the World Organization for Animal Health’s (OIE) international standards and
guidelines for risk analysis which are meant to ensure foetysas well as animal and plant
health (2013a, 2013b), which arise from the Agreement on Baaitd Phytosanitary Measures
of the World Trade Organization.

Components of a proactive risk assessment include: asgpssment, exposure
assessment, consequence assessment, and risk estilBatigrassessments describe the
pathways in which a pathogen, such as HPAI, can be intrdda@n environment. Exposure
assessments estimate the likelihood of disease tresiemi or exposure occurring through
different vectors. For HPAI, these assessments estimatdisease spread risks associated with

product movement inside and outside of control areasy Bntt exposure assessments have

* This working group was instrumental in developing the SeeggeSupply Plan to help support
business continuity in the egg industry (Hennessey et al., 2010).
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been estimated for eight egg commodities (USDA-APHIS, 20T8)s research builds on these
risk assessments to create a consequence assessmam@povus assessment of the direct and
indirect impacts, for business continuity during a diseabreak. The risk estimate is a
combination of the first three assessments to generamplete risk estimation for business
continuity.

In deciding whether or not it is feasible to allow a pésystem during a HPAI outbreak,
risk assessors should consider many factors. Firststieyld consider the probability of the
increased exposure of susceptible poultry due to product movesemand, the likely social
and economic consequences of this increased exposure doduotpnovement should be
considered. Finally, if stop movement orders are in plaeesocial and economic impacts of
these orders should be estimated.

Movement permits can be issued when premises are shdwerfriee from HPAI and
following prescribed biosecurity measures. A movement pexioilvs for movement of
sanctioned products within, into and out of control aréasse permits require a premises to test
negative for HPAI prior to any movement, with continued tgstiinensure a disease free
premises (USDA-APHIS, 2013). Additionally, premises must follavetsbiosecurity measures.
When these requirements are met, premises may bedjraotement permits that sanction
selected movements (e.g., eggs and egg product) off farmfarrorie.g., animal feed). Each of

these additional movements poses a specific levaldddrisk for the potential spread of HPAI.

®>The eight egg products include: pasteurized liquid eggs, reieypaed liquid eggs, washed and
sanitized shell eggs, nest run shell eggs, hatching eggs, dalyiekd, ®gg shells, and inedible eggs.
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METHODOLOGY

This analysis involves two components. First, an epidemadbgiodel is used to
estimate the spread of HPAI in the State of MinnesotarSeoutputs from the epidemiological
model are incorporated into a quarterly economic partidliegum model. Two outbreak
management strategies are simulated in the epidemialagid economic models for
comparison: 1) implementing business continuity; and 2)nmelementing business continuity.
Epidemiological Modeling

Epidemiologic diseases are tools that can be used to sae#sd dynamics in a
population and to evaluate the effectiveness of controsumea and the impact of permitted
movements. HPAI spread among commercial poultry operatiodinnesota is simulated using
InterSpread Plus (Stevenson et al., 20&3)epidemiological modeling framework specifically
parameterized for the scenario in Minnesotée model simulates disease spread among
commercial poultry operations via movement of animale¢tiicontact), movement of people,
vehicles, and other fomites (indirect contact), andllacea spreadr disease spread that is
associated with distance between infectious and sus@ept#nises, but cannot be attributed to
a specific mechanism or traced (e.g., via wildlffe).

Detection of infected premises occurs through either passiveillance or active
surveillance. The probability of detection of infected premggen the number of days since
infection via passive surveillance is defined using a mortiigshold trigger applied to output
from a separate within-flock disease spread model (Madlaal., 2015). Passive surveillance

applies to the entire population during the period prior taainitétection of disease and to

® Disease parameters were established based on the 1983 PenasyRANH5N2 virus strain.
"It is assumed in this study that movement of egg productsiffected premises is prohibited.
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premises located in the free area (i.e., outsidecoh&rol area) after initial disease detection. The
probability of detection via active surveillance applies to eslocated within control areas
and is also derived from a within-flock disease spread nimdedvery other day testing by real
time reverse transcription-polymerase chain reac®RIT{PCR) is assumed rather than a
mortality threshold trigger. When business continuigasures are implemented in the model,
table-egg layer premises located within control areaasmemed to be tested daily rather than
every other day, consistent with those outlined in tle®eEgg Supply Plan; however,
premises from other sectors of the poultry industry latatéhin control areas continue to be
tested every other day. Associated control measurearthanplemented within the model are
depopulation of infected premises, tracing of contact pesn@eation of control areas, and
movement controls for premises located within contredainfected and detected premises are
guarantined while all other premises in the control ase@ heduced frequency of direct and
indirect contacts.

Disease spread is simulated with 100 iterations under twarsaen 1) allowing for
business continuity; and 2) without business continuity. Allgwor business continuity, table-
egg layer premises that are tested daily and are notaedfemiit are located within a control area,
are permitted to move egg product outside the control ar¢h.ndibusiness continuity
measures, product movement from table egg layer premises thwat control areas is prohibited
(i.e., any premises located within a control area mustitaia a stop movement order whether or
not infection has been detected on the premises). Modehpéers for detection within control
areas and on-farm biosecurity are different for the tvanagement strategies. Daily testing of
layers located in control areas is assumed for thiedssscontinuity scenario, whereas every

other day testing is used for the no business continwgtyeso. Enhanced biosecurity measures
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described in the Secure Egg Supply Plan are representednmotie by decreasing the
probability of transmission given indirect contact.
Economic Modeling

The market impacts on control areas and the surroundmgatrol areas will be
estimated assuming stop movement orders are issuedll as wéh permitted movement of
products. Accordingly, a quarterly, partial equilibrium modelaseloped of the U.S. egg
industry. The model accounts for the movement of eggs flaommto processor, diversion to
type of final egg product, and movement from processor tauooes Additionally, international
trade is incorporated in the model. While trade quantibieegg commaodities are relatively
small compared to other poultry commodities, the incluefdnternational trade allows for a
complete model of the U.S. egg industry.

The partial equilibrium model used in this analysis mode&slitersion of farm eggs to
the final end consumé&rThis includes the processing decision to produce table orgzede
eggs. The model is written in its fully differentiatedrfosuch that all variables represented are
percent change&(is used to denote din).

EP, = 0, Ew + 0, EP, + 0, ; ET; (1)

Price @) of output egg typé (te: table eggspe: processed eggs) is determined by the price of
inputs used in productiomj, the price of shell egg®{), and returns to capital)(in Equation 1.
0 represents the unit revenue share for input (labBr shell eggsg), and capitalk)) by egg type

i.

ES = Ed) + As,te EQte + As,pe ECIpe + As,te Eas,te + As,pe Eas,pe (2)

® For this analysis, shell eggs relate to eggs at the famr(igat those produced by layer birds), table
eggs are cartons of eggs that consumers purchase, and preggssace an aggregation of final egg
products of breaker eggs from Figure 2-1.
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Shell egg supply9) is a function of the quantity of eggs demandgfand the per-unit
derived demand for eggs of different consumption types ¢ represents the factor share of
production. Exogenous shocks to the egg supply, such as depopalalied due to HPAI, can
be applied using.

ES =& EP; 3)

Additionally, shell egg supply is a function of the producérepof shell eggs multiplied
by the own-price elasticity of shell eggs)((Eq. 3). This additional equation is applied to derive
the change in shell egg price that drives changes in finadnidprices.

Ek; = Eay; + Eq; 4)

Industry capacityk) is a function of the quantity and the per-unit derived atehrof the
i"™ egg type (Eq. 4). While some asset fixity exists in eggessing capital, the assumption in
this model is that there are marginal changes in eff@j in production given price incentives;
thus, allowing for changes in industry capacity to occur.

Eas; — Eay; = —0g i (ER — ETy) %)
Ea;; — Eay; = —oy(Ew — ETy) (6)

Equation 5 indicates substitutability of capital and shellieggts that depend on the
returns to capital and returns to shell eggs. Equatiom@slor the substitution between labor
and capital. Fordgh equations, ¢ represents the elasticity of substitution between the two inputs.

OciEas; + 0, Ea;; + 6y Eag; =0 (7)

Equation 7 represents an adding up condition that diathtewyes to the per-unit derived

demand multiplied by its respective unit revenue share dtsowh to zero.

qiEq;+ it 1El iy = (X; — M))E(X; — M)+ D;ED ; + 1;,EI ;; (8)
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Market clearing conditions (Eq. 8) insure that the marlesrslsuch that net exports
(exports Ki) minus importsi{l;)), domestic consumptiof®;) and ending stocks;) in the
current periodt] should equal production plus beginning stodks () in the previous period~
1). This condition holds for both table eggs and procesggsl e
El, = & EF; 9)
Ending stocksl() are a function of the price of shell eggs defined by toué9) for
current time period.
ED; = Ey; + &, EP; + ¢, EP; (10)
Domestic demand for egg typés a function of ownR;) and cross price$() and own-
(i) and cross-price elasticities § (Eq. 10). Possible demand shocks to demand preferences
during a disease outbreak are represented Biere are no published studies on the impacts of
HPAI on U.S. egg consumption. A case study for Italianwmess (Beach et al., 2008) could be
drawn upon to represent U.S. demand changes, but due to diffeirenoasumer buying ability
and additional factors such as specific attitudes regadigeases that have not been researched
for U.S. consumers, the exogenous change in demand iseakgaro for this analysis.
E(X; — M) = E§; + &x_mEPY (11)
Net exports are a function of the world reference pim shocks to net exports (Eq. 11).
Net exports are regional expord§)(minus regional importd\;) for producti. This provides a
means to model international trade embargos by regiamesult of a disease outbreak.
Exogenous trade shocks are representeil by
PYEPY = P, EP; + c;Et; (12)
The world reference pric®}”, is assumed to be a function of U.S. domestic priaes pl

transportation costgij (Eq. 12). This reference price helps the markets cléhimwhe model.
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STUDY REGION

The Midwestern United States is the focal region ferdtudy. Regions are defined based
on geography and value of production using the 2013 percent of/tatatl States production as
published by USDA - National Agricultural Statistics Service (USRASS, 2014). The
Midwest region accounts for 43% of annual commercial egg priodud¥ithin the Midwest
region, Minnesota produced 2,852 million eggs in 2013 making eléwenth largest egg
producing state (USDA-NASS, 2014). For this analysis, the indek & located in Minnesota
and the State of Minnesota is subsequently regionalined the rest of the United States
(ROUS). The ROUS is considered disease free and hadiceduin state-level imports from
Minnesota dring regionalization. International trade is modeled to only affect Minnesota’s
exports as it is regionalized from the ROUS.

DISEASE MANAGEMENT STRATEGIES

Disease management strategies (or model scenarios)ubesianalysis consist of an
outbreak of HPAI originating in an egg layer house in MiotesThe modeled outbreak is
contained within the Minnesota layer industry (i.e., mm$boundary or state-state
transmission). Two disease management strategies anatest for both the epidemiological
and economic models: 1) allowing for business continuitgl;2) no business continuity.

The epidemiological model results provide a range fontimber of affected birds that
will then be incorporated in the economic model. Epiddagiical model output is disaggregated
into the number of depopulated birds and the number of suh\enas affected (Table 2).1

The number of affected birds enters the economic madedlaulated shocks to the
guantity of shell eggs given movement restrictions, or thekeof. These shocks are calculated

using the annual eggs per laying hen equivalency. Values are@ntto the economic model
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stochastically using a triangular distribution that lintits lower end of birds affected to zero, in
order to account for variability in epidemiological modetmuts. Using Simetar software, the
model is estimated for 500 iterations which provides the reelions reported as well as the
variation around these estimates (Richardson, Feld&g&chuemann, 2003). The average
duration for the modeled HPAI outbreak is 42 days within itise quarter. The overwhelming
majority of the estimated outbreaks are contained mvitie first quarter (91%), with eight
percent of outbreaks lasting through the second quartkfessmthan two percent of the
epidemiological model outbreaks continuing to the third quavWkile market price implications
can extend beyond this study period, layer repopulationamgoing process that reduces the
duration of the disease impacts.

Repopulation is the process in which farms are restockechenttbirds to start a new
cycle of production. Repopulation processes typically inciadeng pullets moved from pullet
farms to layer farms prior to full maturity, or before treset of egg production. Traditionally,
the poultry industry has a supply chain for replacemedsbDuring an outbreak, replacement
birds are used to replenish depopulated flocks, as well assedréatching numbers. From the
hatchery, bird maturity occurs in less than five mornbngwo quarters. Given that birds stocks
could be significantly repopulated during this time, it is gamsdo rebuild similar bird
populations that existed prior to the outbreak within two grsrkeor this model, the economic
impacts for both scenarios are estimated for two gquactenciding with the epidemiological
outbreak scenarios and industry repopulation potential.

DATA FOR THE ECONOMIC MODEL
Baseline data for supply and demand are collected fromugad@DA sources including

Agricultural Marketing Service (AMS) (2015), Economic Resb&service (ERS) (2013, 2015)
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National Agricultural Statistics Service (NASS) (2014, 2046y the World Agricultural
Supply and Demand Estimates (WASDE) (USDA-ERS, 2016). Data irckglp use,
consumption, beginning and ending stocks, imports, expadse@g prices for all levels of
production. Exogenous shocks for the analysis are ctddudes a percentage change from
baseline egg production using the epidemiological model olRpuameters that are calculated
are derived through substitution of the behavioral equatisimg) parameters and initial baseline
values where appropriate. Stocks, net exports, and priceiéilesiare estimated, as they are
specific to the type of product, either table or processed, eggdescribed in appendix 1.
RESULTS AND DISCUSSDN

U.S. layer production is predominantly managed under coritnaning in the United
States (79%) and producers are responsible for faciitidsmanagement of layers birds under
this system (MacDonald & Korb, 2011; USDA-NASS, 2QR¥pducers are paid on the number
of eggs produced. During a disease outbreak, if movementtiesisiare put in place, a non-
infected farm that is unable to move eggs produced could leefioamcially distressed and
unable to meet financial obligations if the restrictiores@arsistent. Typical midsized
commercial operations have three to four days of egg stod®8)eA-NASS, 2014). After
producers fill storage to capacity, they are left to beabtirden of these foregone earnings.
Given a monitoring timeframe of at least 21 days (USDA, 2Qdbgucers are left with no
choice but to destroy eggDuring this monitoring period, flocks are tested and monitared,

are under surveillance, for signs of HPAI infection.

% It should be noted that producers can be compensateddasdisnanagement compliance in the interest
of food safety and human health concerns, but the extemes¢ tompensations are at the discretion of
USDA (Johansson, Preston, & Seitzinger, 2016).
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Table 2-2 is a summary of the economic impacts for Miot@esnder both disease
management strategies, with and without business comtifitie model results are estimated
distributions around each of the endogenous variablesh&gurpose of this exposition, the
mean values are presented and discussed. In 97% of the epadpeal scenarios, the disease i
contained within two quarters. While economic costs coutdimoe beyond the simulated
disease outbreak with industry repopulation efforts, tb@@mic model results are only
estimated for the first two quarters.

Minnesota Results

The loss of birds through depopulation and the reductisheii egg supply as a result of
movement restrictions, translates into the total reduatidime number of shell eggs supplied. As
expected, shell egg prices increase in both scenaria® die reduction in supply. In the
business continuity scenario, the increase in shelpeagg is muted as the reduction in supply is
reduced. Eggs produced on premises within control areasranétpd to move, mitigating the
losses associated with disease management. In qoaeiethe change in shell egg price is
80.8% less when compared to the no business continuity sceMirinesota table egg prices
were 41.0% higher in the same scenario, while processed egg wace 16.9% higher with no
business continuity. Table egg prices were affected maregiocessed eggs in relative terms
due to changes in production, which is discussed below

Pricing differences between the two scenarios areanbén how the egg model handles
surveyed birds (i.e., those birds being monitored for preseihdisease); they are treated as
birds removed from the system in the absence of businesmuity. With fewer birds and no
change in consumers’ demand, prices increase for eggs and egg products. In this case, prices are

driven higher with no business continuity as a redudupply shortages. Disease management
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practices that provide business continuity during an oalkkiidecreases the reduction in supply
and lessens the consumer price impact as compared ttiomoh@ business continuity.

In addition to price changes, there were also egg quahttyges due to the combined
effects of the imposed reduction in shell eggs and thdtires model-predicted price effects.
Production of table and processed eggs decreased over bo#rgjuamsistent with a reduction
in production inputs (shell eggs). In both quarters, theusiness continuity scenario shows a
greater reduction in production. Table egg and processed egg pooduete reduced by 1838
and 44.8%, respectively, in quarter one as compared witiothesiness continuity scenario.
The differences in these impacts are explained by howarggslocated in Minnesota. Part of
the decision-making process along the supply chain is tcsehwmw to allocate shell eggs
between table eggs and processed eggs. In Minnesota, proagssedcee impacted to a greater
degree than table eggs, as the higher price of table exgygiinzed more eggs to be diverted for
table egg consumption. It is also important to remembeéthbeae are industry capacity
constraints that limit the amount of eggs that can berthd to either production process.

The quantity of eggs demanded in Minnesota decreased ovesdaotdrios for table and
processed eggs due to an increase in end product prices. thgaiifferences between business
continuity and no business continuity scenarios showateareeduction in quantity demanded in
the no business continuity case. The reductions in theditjudemanded led to increases in net
state-level exports of both products in both scenaridgjaarters. The net exports from
Minnesota are modeled as movement to the ROUS as phda e€bnomic model specification.

There was a larger impact on net exports of table eggpthaessed eggs.
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Rest of the United States Results

The price impacts for the ROUS were similar in sign taridsota (Table 2-3). Prices for
shell eggs, table eggs, and processed eggs all increasedhfecéoarios. However, the
differences between the two disease management stategie smaller than those for
Minnesota; 0.4% and 0.2% for table and processed eggs, respedtr quarter one. These
differences are expected to be smaller than Minnesota’s, as the ROUS shocks are only the
reduction in trade with Minnesota, and the ROUS was still alieade egg products
internationally. The supplies from Minnesota that tradaity would have been exported were
removed from the model as Minnesota was regionalized by iemgort

Production changes differed for the ROUS as table egg productireased for both
guarters. Processed egg production was estimated to decrd@ssecond quarter. These
changes in processing are due to increases in net etgdlitthe void caused by lost supply
from Minnesota. As part of the market clearing conditidins, expected that all excess eggs not
consumed domestically are exported. While regional conspopariation changes were
exogenously increased in the model to reflect actual ceang®nsumer population, changes in
the quantity demanded was estimated to decline due to higher giriegg products. The market
must clear the eggs, implying an increase in exports to tradirigers.
Welfare Effects

Table 2-4 presents the changes in producer and consumer stliffgas measures were
calculated using Wohlgenant’s (2013) estimation of changes in consumer surplus (CS) and
producer surplus (PS) when calculating a linearized padialilerium model. Equations 13 and

14 represents consumer and producer surplus, respectively.

ACS; = —(1 + &)7" Py Qo (e Te0EF~0 — 1) (13)
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APS; = (14 &)™ Py; Qo (e+e)EP =550 — 1) (14)
whereP,; and Q, ; are the original baseline price and quantity, €; is the price elasticity of demand
for theith good,es is the price elasticity of shell egg supply, 6 is a demand shock, and @ is a
supply shock.

For Minnesota, the total economic impact to the produdeeisombination of
calculated changes in producer surplus plus the exogensiusftbe shocks that are imposed.
The model does not account for the excess burden on prodhfeeted by HPAI including the
explicit costs related to depopulation. The depopulation itsgae based on a conservative
estimate of total depopulation costs ($0.89 per bird), whiclndesdisposal, depopulation,
cleaning and disinfection, and indemnity costs, multiptigdhe number of affected bird$.
Indemnity is estimated to be the average value of a fayeveeks 20-110, the typical lifespan
of layer birds in commercial layer operations.

Non-infected producers that are able to sell their productsgdaritisease outbreak
benefit from increased prices. Changes in producer sun@ysoaitive across all scenarios and
guarters. The results for the no business continuityas@eshow an additional $2.3 million in
producer surplus over business continuity due to the steepipciease in quarter one.
However, accounting for depopulation impacts that are natdedl in the producer surplus
measure, total economic impact to the producer is negatial fquarters except quarter two of
the business continuity scenario. These calculatiombased on the expected number of

affected birds, which was zero for quarter two of the busio@ssnuity scenario. For quarter

9 The estimated depopulation cost of $0.89 per bird was elititedgh expert opinion within the layer
industry.
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one, the total potential negative change in economic intpdabe producer without business
continuity is $9.4 million more than the case with busineontinuity.

As expected, changes in consumer surplus are negatiketfoscenarios due to price
increases and reduced supply. For quarter one, businessutgngiovides a $3.7 million
reduction in potential losses in consumer surpluserfabe of no business continuity. By
providing a disease management method that alleviatessahe supply stress, consumer
surplus losses are minimal

Total welfare effects for Minnesota are negative duedatmbination of negative
changes in total economic impact to producer and consuntiareveuarter one has a reduced
total change in welfare of $5.9 million for business continaitgl a reduction of $19.0 million
for no business continuity, a difference of $13.1 millibhe total difference for quarter two is
$0.5 million, due to relatively smaller disease shocks and tepepulation. The estimated
welfare impact in Minnesota by allowing business contingiitying a disease outbreak is $13.6
million; a conservative estimate given the low expewtdde of indemnity payments used for
depopulated birds.

The ROUS has much smaller impacts in absolute dollastexsthere were no infected
birds in either scenario. This simplifies the welfargnestion for the ROUS, as the costs
associated with depopulation do not apply. Producer surplus chamege relatively small, but
positive, again due to increases in retail prices. Prodge@msd slightly more surplus during the
no business continuity compared to business continuityile® to Minnesota, changes in
consumer surplus losses were mitigated when allowingueinbss continuity. Total welfare
changes for ROUS were nominal, including marginally poséféects for the business

continuity scenario and marginally negative resultdlierno business continuity scenario.
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The movement of shell eggs from non-infected, monitorechises poses relatively low
risk for increased disease spread compared to movemeittieassr (USDA-APHIS, 2010)
Providing permits for movement from monitored premiseésices the loss in shell egg supply,
which in turn reduces the price increases caused by supptiadibpresulting in muted welfare
impacts relative to the no business continuity casele/Mmere are other factors to consider
when discussing disease management (such as diseaskrgkgabest management practices,
and additional strain on management requirementsgdmeomic implications for business
continuity imply a social benefit for providing a mechanfemmovement of products with low
disease spread risk from non-infected premises.

CONCLUSIONS

During an outbreak, if stop movement orders are establishih & control area, #
total number of birds, or equivalent quantity of eggs supplectduced not only by the number
of depopulated birds, but also the quantity of product producguemises within the control
area. Business continuity allows premises that arenfextted to move product out of the control
area. To qualify for a movement permit, premises must subrimtreased biosecurity measures
in accordance with state animal health officials.

Business continuity maintains income streams for faratsnfected with HPAI, and
accordingly, decreases the negative supply shocks assowittteraditional disease
management strategies that do not allow for businessuaipt This allows products that are
not infected and considered low-risk for disease spread e ofb monitored premises, thus
alleviating some of the impacts of a HPAI outbreak. Duriveg2014-2015 HPAI outbreak in the

United States, more than 7,800 permits were issued which redectaiticial strain on
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producers and consumers (Thompson & Pendell, 2016). Theityajothese movements were
for animal feed and eggs/egg products.

When comparing results between the two disease managsimaagies, business
continuity vs. no business continuity, providing a systemssue permits for product movement
reduces the negative economic impact of an outbreak. &ssgontinuity during an outbreak
decreases the negative welfare effects on consumgmaducers by decreasing potential price
increases for final egg products and minimizing potential revéosses at the producer level.
The total welfare impact on Minnesota, the infected regiba,HPAI outbreak may be reduced
by $13.6 million if business continuity is allowed as a disemanagement strategy. The impacts
on the ROUS are minimal under the business continuéyas® considering there is mitigated
reduction in egg shocks in Minnesota. The total welfare impaktdes the implicit costs such
as disposal costs, depopulation, cleaning and disinfeetimhindemnity. These are included in
the analysis to account for the cost associated watlsupply shock, which is typically excluded
from traditional welfare measures. In addition, whenudising the economic impacts of the
estimated hypothetical HPAI outbreak in Minnesota, the adaditiourden of financial stress
beyond the cost of disposal was not calculated, but shouftlnieled in future research as
additional costs of stop movement orders. The model pre@ad®nservative, yet valuable
benchmark estimate of the welfare effects of changisgadie management practices to
incorporate business continuity during a disease event.

This analysis estimates the impacts of an outbreak of KPPtk United States, but the
implications apply to other diseases and industries. Theoagonmpacts of other foreign
animal diseases could be mitigated through proactive riglsssents, sound disease control

measures, and continually improving disease testing. Hisllgriaa outbreak of a highly
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pathogenic disease has led to devastating reductions in atooks$ and costs across the
affected industries. If the risk of spread can be estidhfor different diseases and industries, it
may prove valuable to move past traditional movement castrs and allow for business
continuity during an outbreak. The livestock industry, witbrayer restocking phase than the
poultry industry, would benefit from continued revenue streamagian outbreak. While the
risk estimates for the livestock sector have not beadwsted yet, the future of animal health
management should to take into account the costs of traalifpractices. With increases in
biosecurity, surveillance, and detection, business cotyimay be new norm as evidenced by

this analysis and experience from the 2014-2015 outbreak of HiRA¢ iUnited States.
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Table 2-1 Summary statistics of epidemiological model output foyaothetical Midwestern

U.S. highly pathogenic avian influenza outbreak (in numbebg d$)

Scenarios Mean Std. Dev. Min Max
Business Continuity
Depopulation Quarter 1 2,946,622 3,076,405 189,340 14,675,910
Depopulation Quarter 2 38,547 320,158 0 6,828,979
Surveyed Quarter 1 9,283,398 6,430,009 746,583 23,229,372
Surveyed Quarter 2 150,405 817,428 0 11,219,885
No Business Continuity
Depopulation Quarter 1 3,598,477 3,721,945 189,340 20,004,252
Depopulation Quarter 2 70,960 387,807 0 7,626,020
Surveyed Quarter 1 9,283,398 6,430,009 746,583 23,229,372
Surveyed Quarter 2 150,405 817,428 0 11,219,885
Outbreak Duration Days 42 17 12 216

Source: Malladi et al., 2015
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Table 2-2 Model estimated mean changes in HPAI economic impactsnnédota (%) with

and without business continuity

Business No Business
Continuity Continuity
Quarter Quarter Quarte Quarter
r
Unit 1 2 1 2
Shell Egg Price $/Dozen Eggs 38.4% 15.9% 1%2.2 41.3%
(0.19) (0.10) (0.39) (0.20)
Table Egg Price $/Dozen Eggs 221% 11.0% 63.1%  24.3%
(0.10) (0.05) (0.20) (0.10)
Processed Egg Price E/ggguwalent Dozen 8.9%  4.1% 25 804 9 2%
(0.04) (0.02) (0.08) (0.04)
Production Table Eggs Dozen eggs 65% -1.1% - -6.5%
25.3%
(0.05) (0.02) (0.09) (0.05)
Production Processed Equivalent Dozen 50 A0k . 10 - 55 20
Eggs Eggs 20.4% -8.1% 65.2% 22.3%
(0.11) (0.05) (0.22) (0.11)
Net Exports Table Egg: I\Eﬂggzns of Dozens of 12.9%  6.4% 37 0% 14.2%
(0.06) (0.03) (0.12) (0.06)
Net Exports Processed Millions of Equivalent 22%  1.0% 6.4% 2 3%
Eggs Dozens of Eggs
(0.01) (0.01) (0.02) (0.01)
Demand Table Eggs  Millions of Dozens of . = . - o, - 11 70
Eqos 10.6% -5.3% 30.1% 11.7%
(0.05) (0.02) (0.09) (0.05)
Demand Processed Millions of Equivalent -
Eggs Dozens of Eggs -3.8%  -17% 145, -3.8%
(0.02) (0.01) (0.04) (0.02)

Source: Economic Model Estimatigri&tandard deviation in parentheses
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Table 2-3 Model estimated changes in mean HPAI economic impactbdaest of the United
States (%) with and without business continuity

Business No Business
Continuity Continuity
Quarter Quarter  Quarter Quarter
Unit 1 2 1 2
Shell Egg Price $/Dozen Eggs 1.7% 1.7% 2.5% 2.5%
(0.001) (0.000) (0.000) (0.001)
Table Egg Price  $/Dozen Eggs 3.5% 3.5% 3.9% 4.0%
(0.002) (0.002) (0.001) (0.002)
Processed Egg $/Equivalent Dozen Eggs 1.2% 1.2% 1.4% 1.4%
Price
(0.002) (0.002) (0.002) (0.001)
Production Table Dozen eggs 2.0% 2.0% 1.8% 1.8%
Eggs

(0.001) (0.001) (0.001) (0.001)
Production Equivalent Dozen Eggs 0.0% -0.1% -0.5% -0.5%
Processed Eggs

(0.002) (0.002) (0.002) (0.001)
Net Exports Table Mill. of Dozens of Eggs 2.0% 2.1% 2.3% 2.3%
Eggs

(0.004) (0.003) (0.004) (0.004)

Net Exports Mill. of Equivalent 0.3% 0.3% 0.4% 0.3%
Processed Eggs  Dozens of Eggs

(0.001) (0.001)  (0.001) (0.001)

Demand Table Mill. of Dozens of Eggs -1.7% -1.7% -1.9% -1.9%
Eggs

(0.001) (0.001) (0.001) (0.001)
Demand Processec Mill. of Equivalent -0.5% -0.5% -0.5% -0.5%
Eggs Dozens of Eggs

(0.001) (0.000) (0.000) (0.000)
Source: Economic Model Estimations; Standard deviatigraientheses
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Table 2-4 Model estimated changes in producer and consumer surudeaopulation costs
resulting from a hypothetical HPAI outbreak in Minnesotdwaihd without business continuity
(Thousand $)

Business Continuity No Business Continuity
Quarter 1 Quarter 2 Quarter 1 Quarter 2

Producer Surplus Change 1,138 604 3,415 -439
Depopulation Costs -5,284 0 -16,925 0

Total Economic Impact Producer -4,147 604 -13,510 -439
Consumer Surplus Change -1,796 -855 -5,543 -263
Total Change in Welfare -5,942 -251 -19,053 -702

Source: Economic Model Estimations
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Figure 2-1: U.S. egg production by type of final consumption
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CHAPTER 3 - INTERNATIONAL TRADE IMPLICATIONSOF HIGHLY PATHOGENIC

POULTRY DISEASE EVENTS ON QUANTITY TRADED

INTRODUCTION

Disruptions in international trade can cause negatdecastly impacts to both exporting
and importing countries. Disease events in animal agnieuttan cause severe disruptions in
trade and can be costly along the supply chain includingasieof mitigation or eradication of a
disease (Huang, Hagerman, & Bessler, 2016; Paarlberg, L8eit&inger, 2003). The decisions
regarding disease management further contribute to palteatile disruptions or can help reduce
potential impacts (Seitzinger & Paarlberg, 2016). It is impottabetter understand the
potential market disruptionsd the associated costs as a result odn animal health event.

There are many factors that may lead to trade disrupticansinmal agriculture including
political policies, food safety concerns, and animal deseagnts in an exporting countifjo
complicate the trade disruptions further, importer responses to animal health events could vary
by species (e.g., chicken or turkey), cut (e.g., whole or parts), and/ordegree of processinge.g.,
fresh or frozen) for meat and egg products. For the poultry indystng could also include
different species of birds. An importing country’s response to a highly pathogenic disease event
such as highly pathogenic avian influenza (HPAI) or highly pathogerains of Newcastle

disease (ND) in the poultry industry can be thought of ashiimga two-part decision process.

1 Newcastle disease is defined by OIE as an infection of badsed by a virus of avian paramyxovirus
serotype 1 (APMV-1) that meets one of the following critéafavirulence: a) the virus has an
intracerebral pathogenicity index (ICPI) in day-old chickslli{Sagallus) of at least 0.7; or b) multiple
basic amino acids have been demonstrated in the virus (eithatydimeby deduction) at the C-terminus
of the F2 protein and phenylalanine at residue 117, which is-tleeriinus of the F1 protein. Source:
http://www.oie.int/fileadmin/Home/fr/ Health_standards/tau®3.14 _ NEWCASTLE_DIS.pdf.
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First, does the situation warrant a limitation on treiden that exporting country? If so, what
should the scope of that limitation be? The scope candasured in terms of the relative risk
posed by various product categories, geographic extent ofeéhé er the duration of limitations
(Marsh, Wahl, & Suyambulingam, 2005). Each of these decigm@ssifies or lessens the
burden of trade embargos imposed on exporting countries.

Regionalization is another decision importers canidengoncerning restrictions on
trade with increased globalization. Regionalization iseams for continued exports from disease
free regions or regions managing disease outbreaks/agthinations (Blayney, Dyck, &

Harvey, 2006). For example, foot-and-mouth (FMD) outbreaksgentina and Brazil were
managed using regionalization, among other management tools cto exipiorters could
negotiate with importers testing free from infectioraigiven region (Countryman & Hagerman,
2016; Seitzinger & Paarlberg, 2016; Paarlberg, Seitzinger,e% 2@07 Steiger, 2006; U.N.

Food and Agriculture Organization, 2006). While trade isa&ffiicted as a result of a disease
event, the use of regionalization in negotiating bildtesale can mitigate some of these impacts.

In animal agriculture, trade embargo decisions are comptaxust in scopebut also in
terms of affected products as product categories within a odityrgroup can bémpacted
differently. For example, whole fresh chicken may have a different trade response than cooked
chicken products. Commodity trade analyses typically aggregate commoddiéeir highest
level that can over or underestimate the effectsidividual product categories. Product
categories separate commodities kpecies, processing level, and cut. The objective of this
study is to analyze factors affecting poultry tratla granular level not found in current
literature. Instead of aggregated commaodities, this analisaggregates poultry commodities

into their six digit harmonized system categories. Usingugmented gravity model of trade
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(AGM), these disaggregated individual product categories are edditoatietermine what
factors affect bilateral product trade flows during a diseaisraakand whether these differ by
poultry product category.

BACKGROUND

The gravity model of trade has been widely used in trade literature to predict bilateral
trade (Bergstrand, 1985; Salvatici, 2013; Serlenga & Shin, 2007; Tinbergen, 1962). Gravity
models of trade have been used to evaluate factors that affect bilateral trade due to the predictive
power of distance and purchasing power of the respective countries. Gravity models can also be
adjusted (called augmented gravity models, AGM) to include additional information (e.g.,
financial, disease indicators, etc.) to estimate the impact of a disease event on bilateral trade
(Martinez-Zarzoso & Nowak-Lehmann, 2003).

Many factors influence bilateral trade including geographical lonatelative spending
power of the importing or exporting country, and identigadisruptions in trade such as a
disease event. The size of the importing and exporting country’s relative spending power
measured by gross domestic product (GDP) weighted by the popwétimatrading partners
has been shown to be a predictor of bilateral tradeapsdtips (Tinbergen, 1962). The distance
between trading partners also plays a role in bilatexdét Distance influences transportation
costs between partners and can also be an indicatoe efrength of bilateral relationships.
Geographical proximity can b important factor in negotiating trade agreements (Sunge &
Mapfumo, 2014), which can be a favorable means to secure exgets and increase trade
flows between participating countries.

For the poultry industry, these additional variaklesld include the categoriesf

products being exported, the nature of the disease-ewamth can be limited to wild birds or
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can be zoonotie-as well as other indicators of tratfeThe types of products traded can change
drastically during a disease event as substitutions cam betwveen fresh, frozen, and fully
cooked products depending on the importer preference and regiktance. Products that can be
viewed as having less risk for disease spread may be prédeters risk averse importing
country. A disease event thatviewed as riskier for consumers in an importing countay
haveagreater trade impact than those viewed as less riskyaddmented model allows for the
extension of the gravity analysis to include these othetributing factors for a more robust
analysis of trade and enables researchers to answeqtrast®ns related to factors outside of
the traditional gravity model.

Previous analyses of highly pathogenic avian diseases havates the time it takes for
export market revenue to recover after a disease evdamis@lo et al., 2015) and the impact on
United States domestic markets (Brown et al., 2007; Djunaldjuaaidi, 2007; Johnson et al.
2014; Miller & Parent, 2012). The latter studies use a padialierium modeling approach to
estimatesconomic impacts of HPAI. Johnson et al. (2016§s a zero inflated negative binomial
model to determine recovery time for exporting countrieghkir study, the authors determined
that several factors, including type of domestic productioroaigéh of exports, led to longer
export revenue recovery times than the World OrganizéioAnimal Health (OIE) guidelines
on disease free status for a country given no new dmtsabif infection (OIE 2013a, OIE
2013b)

This research extengsevious literature by analyzing the bilateral trade implications of

guantity of product traded of poultry products during a highly pattiiogisease event. Previous

12 700notic diseases are infections disease transmissible fiamla to human, from either direct
contact or carried by a vector.
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work aggregates all poultry commodity exports into spemiesstotal for all poultry trade, which
can mute the effects on importer trade bans for spgeiiduct categories as defined by the
harmonized commodity description system (e.g., Meat aildeeOffal of Chickens, Not cut
into Pieces, Fresh or Chilled; see Table 3-1). By anadymionthly bilateral trade and
disaggregating the commodity grougss study will be the first known research to evaluate the
consequences of highly pathogenic disease events on specdiacts, both in cut antbgree of
processingThis will providetimely and policy relevant estimates of bilateral trade disruptions
during a disease event.
METHODOLOGY

The gravity model of trade builds from Sir Isaac Newton’s gravity equation, where
gravitational force is directly proportional to the magswo objects and indirectly proportional
to the distance between the two objects. Tinbergen (1962) waxd theefirst to adopt the use of
gravitational force as a model to describe trade flowsadtsince continued to be used to
estimate bilateral trade flows between countaigbaugmented to expand the explanatory
variables beyond distance and size of the trading parthe estimate the AGM, the model is
linearized to facilitate estimation across panel data ubmgdausman-Taylor estimatas seen
in equation 1

In q{f]- = Bo + P1In(GDP; GDP;) + B, In[(GDP; /Pop;)(GDP;/Pop;)]

— B3 In(Disty ;) + vy Z (1)
where:i = exporterj = importer;k = product categoryGDP = Gross domestic product for both
exporters and importerBpp= Population of exporters and importelést = Distance from
trading center to from exporter frointo j; p = variable coefficients; y = vector of coefficients;

and Z = matrix of additional explanatory variables.
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Augmented gravity models are traditionally estimated using ordinary least squ&es)
with cross sectional data. This implies that thesdetsoare based on a single time period or that
time or another dimension is collapsed when using patel Allkhough a cross sectional
analysis can provide valuable insightsjoes not incorporate all of the available information
that estimates effects across time if the underlying deititgable are panel.

A random effect approach is appropriate for AGMs if tteeeno individual effects
(Baltagi, Bresson, & Pirotte, 2003). If this assumpt®found to be erroneous, a fixed effect
model can be used. However, fixed effect models also haitations in simultaneously
providing parameters for time invariant variables and egtoms that can be extrapolated to the
underlying population. Taking into account both the within and beatwariation in the panel, a
consistent and efficient estimator for the AGM is aistaan-Taylor (HT) estimator (Hausman &
Taylor, 1981). A HT estimator assumes the regressoarelated with the individual effects
SO it separates the variables into four categoriesdEql) time variant exogenous {)X2) time
variant endogenous g¥ 3) time invariant exogenous @)Y and 4) time invariant endogenous
(W>). Equation 1°s lincarized model variables are separated into respective HT categories (Table
3-2) and estimated usirguation 2:

Yie = BiXuie + B2Xzie + 6. Wiy + 8, Woie + a; + € (2)
where:i = bilateral trade flows, = monthly time period$ andé are coefficients for factors that
affect trade, angt is quantity tradedThe endogenous variables are correlated with the individual
effects (a;). The assumption still holds that all variedare uncorrelated with the error term, E[¢;
| Wi, Xji] = 0, but now the HT expands the model assumptions suchadhall variables are

uncorrelated with the individual effects, E [o; |Wait, X2it] # 0.
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The HT estimator approximates the time invariant variablesigh an instrumental
variable approach. The time variant exogenous variabdetha instruments for the time
invariant endogenous variables. By using this approach, is&lge to have estimates that can
be predictive of the underlying population and include unbiasedassrof relevant time
invariant variables, which are limitations of fixed effectsdels.

To correctly specify the model, a random effects modestsnated. To determine
whether true random effects exist or if an OLS regresshionld be employed, the results of the
random effects model are tested using a Bre®afan Lagrangian Multiplier test. The presence
of random effects is statistically different from zettigreby motivating the panel approach.
Next, a Hausman specification test is performed to test whett@dom or fixed effects model
is more appropriate by testing if there are individutdat$ that are correlated with the error
term. The Hausman specification test suggests a fixedeffeael is appropriate for the data. A
fixed effects model limits the analysis to between or witlsination estimators. In order to
capture both variations, a HT model is used. To addresheaaskedasticity, robust variances
are used.

Summary statistics for the variables used in the aisadyse listed in Table 3-2. The HT
variable designation is provided and indicates whetheriablaris time variant or time
invariant as well as endogenous or exogenous. Summary statistiggoar@ed for the original
data prior to linearization for equation 1, a step thatimxcbefore estimatiofopulation and
Gross Domestic Product (GDP) are the weights used in the AGM and enter as both expant
importer partner values. The population and GDP weightsadeelated prior to estimation.
Distance is the measure in kilometers between the bilateralnggotirtners and is a proxy for the

relative shippingosts between partners and is measured as the distance béhseaain
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shipping port in the exporting and importing country. Tradingneastin closer proximity may
have preferential trade as result of reduced shipping eostsluced distance and this
preferential proximity variability between trading partneradsounted in th®istance variable.
Additional factors are included in the analy$isough the Z matrix inequation 1. The
additional variables allow for the analysis to extend hdyarediction of trade to provide
meaningful insights into the factors that influence tr&hare is the exporting county’s annual
share of the world market for poultry exports and is used to appate the relative global
importance of the export@r the market. An exporting country’s global share, Share, can affect
how trading partners make trade restriction decisions.kéy&ariables of interesiD, is a
binary variable that provides an estimate for the makegifiact aND disease everitas on
guantity traded. SimilarlyjiPAI, another key variable, estimates the marginal trade isplaat
occur with a HPAI disease event. Both ND &iféAl marginal effects provide more information
for the change in quantity traded and composition of tbetdeen bilateral partners due to a
highly pathogenic disease event by product category. The cdmopaxitrade is the complete
mix of product categories being imported by a trading paenércan change as a result of
preferences, risk concerns, or trade response to aelisgantOut Year, a count of
simultaneous disease events for the reporting yeaglabal poultry health measure. The
number of exporting countries known to be managing a disaase can influence importing
partners’ trading decisions. Per capita is a measure of the relative importance of poultry rnmeat
importing markets as measured by the global per capitaiegmi®n of poultry products. While
the value is the same for all similar time periods, ¥hisable acts as a global preference trend

variable.
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There areadditional variables included in the analysis to provide explangiovyer for
the strength of a trade relationship. These variables iactudiguous partners andcommon
currency. Thebinary variablecontiguous partners indicates whether the bilateral trading partners
are geographically contiguous. Countries that are contiguouisasee preferential trade
relationships due to reduced transportation costs or a hatade relationship. For example,
this would help to account for trading within the European Udimng a disease event even
when other trading partners reduced the quantity traded ngetiahe composition of trade.
Common currency is a binary variable that designates whether the tradiiggra use a common
currency. Likecontiguous partners, countries with a common currency can have preferential
treatment. This variable also accounts for slighttiuced transaction costs, as there are no
currency conversion fees.

Finally, there are regional binary variables that accountefgion specific characteristics
of importers. While proximity of trading partners is includedhe gravity specification through
Distance, there are regional differences in trade agreemetitigness to accept product from
infected exporters, and risk aversion tied to the decisiavhen to resume trade, all of which
are accounted for by the regional variables. The smgional variables includeAsia, Europe,
South America, North America, Africa, Oceania, andthe Middle East (Appendix 3 Table A 3-11
DATA

The data used for this research include poultry specifiaskseevents (i.e., HPAI biD
events). These data include 71 distinct disease eviéettiray 382 bilateral trade relationships
for 15 poultry product categories from January 2004 to December B3d#nation concerning
the disease eventse available on the OIE website, whicincludes number of infected flocks,

the number of outbreaks during a disease event, anatinerof the disease event (OIE, 2015)
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Using these categorizations, individual disease eweatecorded in geopolitically defined
countries thatre non-endemic for HPAI or ND, where an endemic diseasaashat is
persistent in a population without external influences.

Bilateral trade data for this analyai® from the Global Trade Information Services’
Global Trade Atlas. Monthly bilateral trade data used for 24 exporting countries for 24
months prior to a disease event and 24 months after thel€lared the countdisease
free!* Bilateral trade is limited to trade relationships that anted for more than five percent
of total exports from each reporting countmy2013. This excludes countries that have vaeiabl
trade relationships for reasons extending beyond animdbaddealth concerns as well as
economically less significant trading partners. This alsdudes non-recognized trading
partners such as “High Seas” and “International Waters.” The trade data spans from 2004 to
2015 for 15 poultry product categories based on the harmonjgehscode (HS code) at the
six-digit level (Table 3-1). The dataset used is composdtu@e dimensions: 1) bilateral trade
flows; 2) time; and 3) product categories. To estimateatioifs that affect trade, individual
models are estimated for each of the 15 product categooieadHBitional information regarding
the dataset used in this analysis, see Johnson et al. (2015).

Additional information included in the analysis are publicalzailable data. Population
and real GDP data are annual values reported by USDA-ERS (204fnd2i and geographical

indicators are retrieved from the GeoDist database published through the Centre D’Etudes

13 Austria, Belgium, Brazil, Canada, Chile, China, Denm&rlance, Germany, Greece, Hungry, Italy,
Japan, Mexico, Netherlands, Poland, South Korea, Spain, Bw&dézerland, Taiwan, Turkey, the
United Kingdom, and the United States.

11t was possible that a repeat disease event occurred wighP4-month post disease period that made
it impossible to have the 24-month period disease free barfbeind the first event. Due to data
limitations there is not a 24-month period to any outbreaks egurefore January 2006.
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Prospectives et D’Informations Internationales, commonly called CEPII (Mayer & Zignago,
2011) Country currencies, as reported by United Nations’ Food and Agriculture Organization
Corporate Statistical Database (FAOStat), are used taxdateif a trading pair used a common
currency (2015a). Annual global per capita consumption of poslrecorded m the UN’s
Organization for Economic Co-operation and Development [@EEAO Agricultural Outlook
(2015b).

RESULTS AND DISCUSSDN

Poultry product category regression estimates are pegsgnfable 3-3. The uneven
panel was estimated after compiling and transforming thefalathe linearized model.
Individual models were estimated for eaghroduct category listed in Table 3-1; thus, providing
insights into disaggregated commodity groups and the factdwemeing the quantity traded
between bilateral partners.

Each individual model represents a different poultry produtfi.e., whole or parts),
species (i.e., chicken, turkey, or other), and processimd(iex, live, fresh, frozen, or cooked).
This allows for comparison of how changes occur acrdt&seit products groups. For instance,
share of global export markefhare) had a significant positive impact on trade for live chickens,
but was not a significant factor for live turkey trade. lemclividual product category model
provides an analysis of the factors that influence its trade

For both whole chicken models (fresh and frozen), populatiohe exporting country
had a significant impact on quantity traded; however, eawdtupt category was affected
differently. For whole fresh chicken, exporter popwalatnegatively affected quantity traded
while the opposite waund for whole frozen chicken. Specifically, as exporter poputatio

increases by%, quantity traded is expected to decrease by 11.8% for wholednesken and is
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expected to increase by 11.9% for whole frozen chicken. As pa@putgiows, across time and
between exporters, fresh chicken exports tend to decire&seor of frozen chicken. Changes in
composition of exports may be driven by the between ti@ni@f exporters. Larger exporters,
such as the United States or Brazil, tend to have tramdirigers at a greater distance requiring
more stable transportation methods than countries hipoasthin region (e.g., Turkey or
Belgium).

GDP of importing and exporting partners also contributeBaatiantity of poultry
traded. Across the chicken and turkey modelspii@neter estimates for importer GDP was a
significant factor affecting trade, implying that acrosssthmodels, as importing countries
become wealthier, their demand for poultry products inceedse frozen chicken parts, a 1%
increase inthe importing country’s GDP increases the quantity of trade by 1.2%. As importing
partners become wealthier, preferences are for incréagedts of poultry products. In contrast,
there were a few product categories that were negatively iegpdae to increases in importer
GDP. For example, frozen turkey parts decrease by 0.9%awillicrease in importing country
GDP. This could indicate a change in preferences and ¢oadeosition as an importing country
increases in relative wealth.

Comparing the ipact of importing country’s GDP on product categories across
constitution, there are greater impacts for fresh prodbatsfrozen. For example, given a 1%
change in importing country GDP, whole fresh chicken exporttguasmexpected to increase
by 5.0 compared to 0.9% for whole frozen chicken. One explan#diothese changes is the
nature of markets ithe importing countries. Some importers hareagrarian focused open
market that values fresh products. Typically, more developarket structures, such as in the

European Union (EU) or the United States, have differenkeh@references that may not
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include open markets. Increases in exportingntry’s GDP leads to increases in exports of
whole fresh chicken, which can be explained by the compaosititrade demanded by
importers. The composition may change due to increasastief processing in response to
importer risk concerns. Neighboring partners, where furtfergssing occurs after shipment,
could also increase import demand for fresh products.X@mge, the United States ships the
majority of whole fresh chicken exports to Mexico, providing for reducadsportation costs
and flexibility in composition of products export&d.

The composition, or mix of products, being traded is atsamportant factor that affects
trade. Countries that import poultry meat, typically imgiarzen products (61% of meat
products exported in 2013 were frozen products), possibly due tdnéindiness to withstand
transportation. Countries with contiguous national bardepear to import more cooked
products than those that do not. Having a contiguous nationadér is expected to increase
guantity traded of cooked chicken and cooked turkey by 22% and &Spectively.

Trading partners that have a common currency tend to hergased trade quantities.
For example, live birds have a 45% increase in trade quaviien the bilateral trading partners
share a common currency. While exchange rate variabilitidexplain some of the preference
for a common currency, the more likely explanationld be tied to proximity. For example,
within theEU, countries have preferential trade between EU membes stédee proximity, and
a common currency that facilitates easier transactiatén the Euro zone.

The world export market share positively affects the gtyatreided for all products

except live turkeys. As country’s share of the global export market increases, the itjeardf

1°As evidenced by the bilateral trade data used in this asaiysre 77% of the whole fresh chicken was
exported to Mexico in the base year of 2013.
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poultry products exported increases. As an exporter hastamgsbare of the market, this creates
precedence for trade relationships based on exporter reputation

Finally, the disease variableB”Al andND were only significant for select product
category models. ThED variable was only significant for half of the estimatedisle
including: whole fresh chicken, frozen turkey parts, egg prodantsall three cooked products.
Theseresults tend to show an increase in quantity traded during a diseese Eor example,
whole fresh chicken is expected to increase trade by 21%gdudisease event. These results
indicate a change in composition of trade. While total gtyaatiross all poultry products may
decrease during a disease event, this indicates thag Wwheh chicken trade increases. This
could be due to the preferences of certain trading partngpsdducts to be further processed or
this could indicate an increase in cheaper products tha soporting partners are willing to
accept, as whole fresh chicken is relatively less expensigemportant to note that less than
2% of the panel was affected by ND, which could imply itatred rarity as a trade disruption.
Additionally, in terms of the duration of a diseasent\eom first reported outbreak until last
reported outbreak, ND had less than 3% of the reportedslasting more than a year, whereas
this was closer to 18% for HPAI events. Importing countiesreapond to any event, but an
explanation for why ND does not significantly contribute hargges in trade might be tied to the
relative shorter disease duration.

Highly pathogenic avian influenza has varying impacts on thetifp#&raded across
poultry product category models. HPAI hasignificant negative impact except for positive
signs for select categorie$ive chickens, live turkeys, whole fresh chicken, wholedim
chicken, fresh chicken parts, frozen chicken parts, wihoieh turkey, whole fresh turkey, and

cooked turkey. As expected, several models estimate #aigt guantity decreases as a result of a
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HPAI event. Whole fresh chicken exports were estimated to aget®y 15% in the event of a
HPAI event, all else equal. Contrarily, live chicken tradegased by 43% during a disease
event and whole frozen turkey exports were estimated tease by 53%This counter intuitive
increase in live birds could be explained by demand for repkcebirds, or new hatchlings, in
importing countries. Importers who are geographically closkeanfected exporter, especially
for European partners where the importing country migiat bé infected, could lead to an
increase in demand as the importers could need to repofuiae ds a result of a domestic
highly pathogenic disease eveTihis increase could also be driven by a decrease in thefprice
live birds in the infected exporting country. In the exparttountry, it could be possible that
these birds, which cannot be more than 6.5 ounces (see3Fapleould not be placed on farms
still under surveillance. This would lead to an oversupplyirafs that could be placed on farms,
in which an importer could procure at a reduced price. Thiease in whole frozen turkey
represents a change in composition of trade. The lengttaduction times for turkeys lead to a
higher premium price when there are shortages. Duringeask event in which birds are
potentially depopulated, the shortage and expected future ghadald decrease the expoiser
desire to sell whole frozen turkey. For all other productdPAI disease event significantly
decreases the total quantity traded through increased impare barriers as well as a change
in exporter supply.
CONCLUSION

Many factors affect global poultry trade and impact bikterade relationships
differently. Trade relationships may be driven by prainproduct and country reputation, and
importer preferences to name a few. Highly pathogenic paditgase events can cause

disruptions in trade flows, leading to changes in the gyamitproduct traded, composition of
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products traded, and sources of imports. This analysis pravi@esation on the factors that
influence trade and quantify the impact a highly pathogenitryalisease event has on
guantities traded. Highly pathogenic disease events cambgagive effects on exporter trade
guantity. Exporters with more information can potentially drefitrecast trade implications of a
domestic disease event, enabling them to adapt more quickhahges in importersrade
composition preferences and the price of exports.

In addition to the analysis of factors that affect é;atie individual product category
model results suggest that HPAI disease events tend to lgagatar impact across all poultry
product categories when compared to ND. While ND does have an iopaeide particularly
for cooked poultry products, HPAI has a significant impact ondsddhtrade in more poultry
product categories. This coudd due to the small number of ND disease events, the highly
prolific nature of HPAI, or that HPAI has many strains witlozotic potential. However, this
information does reveal the differing impact of risksaasated with specific poultry diseases for
trade restriction decisions. This reinforces the impararf disease mitigation strategies
domestically and the importance of biosecurity for redutiiegisk of having a disease event.

Analyzing trade flows by product category allows for product caiegpecific changes
to be estimatetb provide valuable insights for production decisions in the @@ disease
event. For aggregated analyses, the actual change in dtampsnot parsed out and
estimations can over or underestimate the impact datiers affecting trade. By understanding
the trade implications of disease event, it mighpassible to alleviate some of the economic
strain that these events pose and aid in market recoddirgitation of this work lies with the
individual product category estimations, which do not accoumidtential endogeneity across

the product categories. An extension of this researchdilmuextending the methodology by
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creating a system of trade equations to potentially impradehefficiency within the HT
context. Other future extensions of this work could inclather animal commodities to
determine their trade influencing factors or cross producysesito investigate the total

composition of meat demand by importers in the facedidease event.
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Table 3-1 Poultry product categories used in bilateral trade analysis

Product Short Name Product Name HS Code

Live Chickens Commodity: 010511, Chickens, Live, Weighing N« 10511
More Than 185 G (6.53 Oz.) Each

Live Turkeys Commodity: 010512, Turkeys, Live, Weighing Not 10512

More Than 185 G (6.53 Oz.) Each

Whole Chicken: Fresh Commodity: 020711, Meat And Edible Offal Of 20711
Chickens, Not Cut In Pieces, Fresh Or Chilled

Whole Chicken: Frozen Commodity: 020712, Meat And Edible Offal Of 20712
Chickens, Not Cut In Pieces, Frozen

Chicken Parts: Fresh  Commodity: 020713, Chicken Cuts And Edible Of 20713
(Including Livers) Fresh Or Chilled

Chicken Parts: Frozen Commodity: 020714, Chicken Cuts And Edible Of 20714
(Including Livers) Frozen

Whole Turkey: Frozen Commodity: 020725, Turkeys, Not Cut In Pieces, 20725
Frozen

Whole Turkey: Fresh  Commodity: 020726, Turkey Cuts And Edible Offe 20726
(Including Livers), Fresh Or Chilled

Turkey Parts: Frozen Commodity: 020727, Turkey Cuts And Edible Offe 20727
(Including Liver) Frozen

Shell Eggs Commodity: 0407, Birds' Eggs, In Shell, Fresh, 407
Preserved Or Cooked

Eggs Products Commodity: 0408, Birds' Eggs, Not In Shell And 408
Egg Yolks, Fresh, Dried, Cooked By Steam Etc.,
Molded, Frozen Or Otherwise Preserved, Sweete
Or Not

Cooked Turkey Commodity: 160231, Meat Or Meat Offal Of 160231
Turkeys, Prepared Or Preserved, N.E.S.O.l.

Cooked Chicken Commodity: 160232, Prepared Or Preserved 16032
Chicken Meat, Meat Offal Or Blood, N.E.S.O.l.

Cooked Other Commodity: 160239, Meat Or Meat Offal Of 160239
Chickens, Ducks, Geese And Guineas, Prepared
Preserved, N.E.S.O.I.

Source: Global Trade Information Systerlobal Trade Atlas; HS: Harmonized System
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Table 3-2:Descriptive statistics and Hausman-Taylor model descriptions fiables used in bilateral quantity trade analysis

Name Variable Description Unit HT® Description Mean Min Max

Quantity Exporting quantity Pounds TV® Exogenous 281,484 1 120,000,000

Population Fz’opulation for trading partner Per Capita TV, Exogenous 83,800,00 102,918 1,360,000,0C
[ 0 0

GDR, Real GDP for trading partnef i Billions of TV, Exogenous 1,841.75 0.71 16,271

USD

Distance Distance between trading Kilometers TIV>, Endogenous 2,497 60 19,080
partners

Share Annual share of world export % TV, Endogenous 0.05 0.00 0.33
market

Highly Pathogenic Binary variable indicating if 0,1 TV, Endogenous 0.02 0 1

Newcastle Disease (ND ND was reported

Highly Pathogenic Binary variable indicating 0,1 TV, Endogenous 0.07 0 1

Avian Influenza (HPAI) whether HPAI was reported

OutYear The number of simultaneous  Number TV, Exogenous 5.28 0 15
disease events in a given yea

Percent Capita Annual global per capita % TV, Exogenous 12.15 10.7 13.74
consumption of poultry meat

Contiguous Partners Binary variable to indicating 0,1 TIV, Exogenous 0.45 0 1
partners who are
geographically contiguous

Common Currency Binary variable indicating 0,1 TIV, Exogenous 0.27 0 1
trading partners who share a
common currency

Asia Binary variable for exporting 0,1 TIV, Exogenous 0.10 0 1
country

Europe Binary variable for exporting 0,1 TIV, Exogenous 0.70 0 1
country

South America Binary variable for exporting 0,1 TIV, Exogenous 0.03 0 1

country
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Table 3-2:Descriptive statistics and Hausman-Taylor model descriptions fiables used in bilateral quantity trade analysis, cont.

Name Variable Description Unit HT® Description Mean Min Max

North America Binary variable for exporting 0,1 TIV, Exogenous 0.06 0 1
country

Africa Binary variable for exporting 0,1 TIV, Exogenous 0.06 0 1
country

Oceania Binary variable for exporting 0,1 TIV, Exogenous 0.01 0 1
country

Middle East Binary variable for exporting 0,1 TIV, Exogenous 0.04 0 1
country

'Dependent Variable

2j = exporter, importer

®HT Description=Hausman Taylor variable description
*TV: Time Variant

*TIV Time Invariant
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Table 3-3: Individual model estimations for factors contriigito quantity exported by product
category for monthly bilateral trade data, 2004-2015

Whole Whole Fresh
Live Chicken Live Turkey Fresh Frozen Chicken
Chicken  Chicken Parts
Importer Population -0.36 -6.22%** -1.18 0.45 -2.09%**
(0.80) (1.24) (0.81) (0.43) (0.42)
Importer GDP 1.28*** 0.20 4.,99*** 0.91*** 0.92%**
(0.25) (0.37) (0.35) (0.17) (0.19)
Exporter GDP -8.43*** 0.47 -2.12%** -0.87*** -0.32
(0.28) (0.49) (0.25) (0.16) (0.21)
Exporter Population 4.1 4%** 1.98 -11.80***  11.87*** -0.61
(1.11) (1.92) (1.21) (1.02) (0.54)
Per Capita 4,39%** 2.15%** 3.76*** -0.60** 5.47%**
(0.41) (0.52) (0.32) (0.29) (0.21)
Out Year Count 0.03*** -0.01 -0.02*** 0.00 0.02***
(0.01) (0.01) (0.00) (0.00) (0.00)
Contiguous Partners 0.45%** 0.14 -0.17%** 0.02 0.07**
(0.07) (0.08) (0.05) (0.04) (0.03)
Common Currency 0.07 -0.41%** 0.14*** 0.03 0.31***
(0.06) (0.10) (0.05) (0.06) (0.04)
H'gh'y Pathogenic -0.04 -0.08 0.21%* 0.08 0.07
ewcastle Disease
(0.12) (0.14) (0.08) (0.06) (0.06)
Highly Pathogenic 0.43%* 0.14* 0.15% 009  -0.16%*
Avian Influenza
(0.09) (0.08) (0.07) (0.06) (0.05)
Share 0.57*** 0.15 1.02%** 1.32%** 1.29%**
(0.08) (0.13) (0.07) (0.06) (0.05)
Asia -11.27 - - -26.79 -5.67
(11.54) - - (45.33) (5.00)
Europe -13.97 -1.70 -33.68 -19.75 0.91
(23.91) (15.63) (35.92) (51.77) (5.35)
South America -13.92 - - -11.80 -0.20
(13.40) - - (46.80) (6.10)
North Amerca -4.24 3.21 -27.70 -26.10 3.90
(23.77) (17.52) (37.15) (51.09) (5.64)
Africa -10.45 - -72.20* -1.97 -
(14.88) - (41.19) (41.85) -
Middle East -15.27 -1.63 -32.26 -16.42 0.12
(14.05) (21.27) (39.32) (42.37) (5.61)
Distance -0.28 3.28 16.77 -8.04 1.43
(2.79) (5.63) (11.53) (10.72) (1.55)
Constant 2.93 53.38 134.00 -125.20 29.33*
(34.56) (42.71) (93.53) (109.44) (15.04)
Observations 4,675 2,448 4,605 7,219 6,352
No. Trade Partners 49 32 47 80 60
R? 0.02 0.03 0.04 0.18 0.00
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Table 3-3: Individual model estimations for factors contriigito quantity exported by
product category for monthly bilateral trade data, 2004-2015, cont.

Erozen Chicker Whole Whole Frozen
Parts Frozen Fresh Turkey  Shell Eggs
Turkey Turkey Parts
Importer Population -0.06 -3.16%** -2.08*** 5.16%** 0.27
(0.24) (1.20) (0.52) (0.33) (0.89)
Importer GDP 1.21%** 0.50 2.20%** -0.87*** -0.80***
(0.11) (0.42) (0.27) (0.15) (0.26)
Exporter GDP -0.27** 1.05 1.51%** 2.46%** -5.97***
(0.12) (0.86) (0.29) (0.20) (0.37)
Exporter Population 0.15 2.97 -2.26%** -4, 75%** -3.89%**
(0.38) (3.01) (0.82) (0.70) (1.31)
Per Capita 3.13%** -0.29 2.78*** 1.55%** 9.82%**
(0.21) (0.98) (0.26) (0.24) (0.50)
Out Year Count -0.00 0.00 -0.01 -0.01* 0.06***
(0.00) (0.01) (0.00) (0.00) (0.01)
Contiguous Partners -0.05 0.10 0.06* -0.09*** -0.11
(0.03) (0.10) (0.03) (0.03) (0.10)
Common Currency 0.19*** 0.27** 0.02 0.01 1.32%**
(0.04) (0.13) (0.04) (0.04) (0.14)
Highly Pathogenic 0.07 10.06 002  011* -0.04
Newcastle Disease
(0.06) (0.17) (0.08) (0.06) (0.15)
Highly Pathogenic 0,11 053  .0.15%*  0.06 0.05
Avian Influenza
(0.04) (0.17) (0.05) (0.05) (0.10)
Share 0.73*** 0.32* 0.15** 0.24*** 1.15%**
(0.03) (0.17) (0.07) (0.05) (0.07)
Asia -2.50 -5.86 - 2.98 -5.87
(4.92) (29.41) - (12.44) (13.54)
Europe -11.21* -23.95 -1.49 6.98 -21.31**
(6.38) (29.69) (6.00) (12.76) (10.26)
South America -4.24 -17.01 - 11.19 -19.39
(6.78) (26.55) - (12.97) (13.92)
North America -7.49 -8.64 -1.19 2.11 -
(5.54) (26.88) (7.38) (12.55) -
Africa -1.98 -10.93 -4.79 9.64 -23.83*
(5.06) (22.60) (6.94) (11.22) (13.43)
Middle East -3.13 -17.51 - 14.57 -20.63
(5.41) (24.41) - (12.99) (13.17)
Distance -2.87** -6.31 2.51 -0.55 3.19
(1.41) (7.48) (2.19) (2.39) (3.35)
Constant 23.88* 62.18 33.18* -19.20 97.18***
(14.20) (68.30) (17.63) (25.01) (30.99)
Observations 10,725 1,743 5,259 8,619 8,526
No. Trade Partners 99 54 53 86 82
R? 0.08 0.05 0.10 0.00 0.00
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Table 3-3: Individual model estimations for factors contrifmito quantity exported by
product category for monthly bilateral trade data, 2004-2015, cont.

Eqg Products Skin & Cooked Cooked Cooked
Feathers Turkey Chicken Other
Importer Population 4.84%** 1.69 -7.68*** 3.00*** 3.00***
(0.61) (1.06) (0.68) (0.60) (0.60)
Importer GDP -0.53** -0.53** -0.25 0.55** 0.55**
(0.26) (0.21) (0.25) (0.21) (0.21)
Exporter GDP 0.30** 0.70%** -0.29 0.04 0.04
(0.15) (0.16) (0.25) (0.15) (0.15)
Exporter Population -0.57 -1.77* -0.48 -1.40* -1.40*
(0.86) (1.02) (0.90) (0.72) (0.72
Per Capita 3.05%** 0.64 4,97*** 6.73*** 6.73***
(0.29) (0.43) (0.30) (0.25) (0.25)
Out Year Count -0.02%** -0.01* 0.02%** 0.01~* 0.01~
(0.00) (0.01) (0.00) (0.00) (0.00)
Contiguous Partners 0.00 0.12* 0.19%** 0.22*** 0.22%**
(0.03) (0.06) (0.04) (0.03) (0.03)
Common Currency -0.31%** 0.58*** -0.10** 0.33*** 0.33***
(0.05) (0.08) (0.05) (0.05) (0.05)
Highly Pathogenic 0.11* -0.04 0.13* 023 (23
Newcastle Disease
(0.06) (0.13) (0.08) (0.07) (0.07)
E'Qh'y Pathogenic 0.02 -0.09 0.15* -0.02 -0.02
vian Influenza
(0.06) (0.07) (0.06) (0.05) (0.05)
Share 0.20*** 0.45%** 0.47*** 0.04* 0.04*
(0.03) (0.05) (0.04) (0.02) (0.02)
Asia 9.35 3.40 -10.19 2.54 2.54
(13.42) (12.21) (27.21) (12.41) (12.41)
Europe -1.21 6.66 21.63 -0.21 -0.21
(15.72) (14.89) (22.68) (12.96) (12.96)
South America 12.66 6.31 7.65 4.19 4.19
(14.40) (14.20) (24.48) (12.09) (12.09)
North America -2.30 3.29 28.65 -1.70 -1.70
(15.26) (13.53) (24.04) (13.44) (13.44)
Africa -3.51 4.22 - - -
(18.85) (17.44) - - -
Middle East 19.69 8.85 -0.92 1.53 1.53
(15.36) (18.29) (23.87) (16.27) (16.27)
Distance -6.99 1.74 7.46** -0.04 -0.04
(5.14) (3.34) (3.71) (2.43) (2.43)
Constant -27.78 -13.93 62.44 -43.02 -43.02
(44.48) (36.66) (39.66) (26.16) (26.16)
Observations 6,546 4,572 6,770 8,213 8,213
No. Trade Partners 74 57 66 72 72
R? 0.09 0.05 0.11 0.00 0.10

Source: Model Results; Standard errors in parentheses; ***, ** * indicate p< 0.005p&fd p<0.1, respectively.
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CHAPTER 4 - SYSTEMS APPROACH FOR THREE-DIMENSIONAL PANEL DATAD

ESTIMATE POUTLRY TRADE IMPACTS DUE TO ANIMAL DISEASE EVENTS

INTRODUCTION

As described in chapter three, highly pathogenic diseasesssamtause costly
disruptions in international trade. These disruptionsccame in the form of trade embargos,
changes in exporter supply; importer preference changes. Management of a highly getio
disease event can contribute to an importer country’s decision in determining trade limits, if any
(Marsh, Wahl, & Suyambulingam, 2005; Seitzinger & Paarlb29d6; USDA-FAS, 2016). It is
important to know the factors that influence bilateral trade @dmmodity to understand the
ramifications a disease event can have on bilateds @ad domestic markets.

Global consumer demand for poultry products has stemdiigased over the last half
century and has been gaining in popularity as an affordablees of protein. The 2015 annual
U.S. poultry consumption was estimatd .06 pounds per capita for poultry products as
compared to 105 pounds per capita for beef and pork combinedN@Eiomal Chicken Council,
2016b; USDA-ERS, 2016). Despite growing domestic demand, U.S. poutiaye highly
competitive in international markets. U.S. broiler expavere 32% of the 2014 global poultry
exports among major traders (USAS, 2016) and U.S. broiler exports accaafor 19% of
total broiler production (The National Chicken Council, 201Baixing the 2014-2015 HPAI
event in U.S. layer and turkey flocks, U.S. exports deetkefim the first time since 2006 as a
result of trade bans by importing countries and reductidiiréhstocks (Seitzinger & Paarlberg,

2016; USDAFAS, 2016). Increases in bird stocks and lifting of trade banaitied in U.S.
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poultry market recovery, but the reduction in U.S. poulkgoets allowed for a shift in trade to
other exporters, mainly Brazil (USDA-FAS, 2016)

Highly pathogenic avian influenza (HPAI) and exotic Newcadidease (ND) are of
particular concern to the poultry industry due to their pgéimic nature and potential losses as a
result of a disease event. The most recent outbreldR Af in the United States resulted in
depopulation of more than 48 million birds and an estimatedodiion dollar cost to the U.S.
government (USDA-APHIS, 2015; USDA-Office of Communications, 2015)b&lg from
2000 to 2015 there were more than 400 distinct HPAI or ND dise@sds in non-endemic
regions, or those regions that a disease is not regidariyg (OIE, 2015). Each of these events
had implications for domestic markets and potentially &ffiéthe global market.

Poultry trade in general can be affected as a resald@&ease event, but trade
disruptions on commodity categories can differ basetherevel of processing (e.g., fresh,
frozen, or cooked), cut (e.g., whole or parts), and typeaxfymt (e.g., chicken or turkey).
Disaggregating commodity data into sub-commodity product ceé=gallows for an
understanding of the impact highly pathogenic diseases carohavade of specific product
categories. Disaggregation of commodities into spepifoduct categories has traditionally been
limited in estimation due to dimensionality of the data. Dinwmedity refers to the number of
different identifiers in a dataset such as time, hiddtigading partners, or product group, a case
in which there would be three dimensions. Limiting an aislyo aggregated commodities can
lead to less accurate analyses of how trade of a spafilict category might change during a
disease event.

During a disease event, importing countries may choolgmitdrade with an exporting

country known to have a disease event (Jarvis, CanciBzréejillo, 2005; Marsh, Wahl, &
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Suyambulingam, 2005; Paarlberg & Lee, 1998). Importing countrdgshan products or change
the composition, or mix of imported goods, as a redudtdisease event (Djunaidi & Djunaidi,
2007; Seitzinger & Paarlberg, 2016). To better understand theddbtd affect poultry trade,
this study evaluates disaggregated poultry product categoties six-digit HS level to estimate
bilateral trade quantities during a HPAI or ND event. Spedjicthe objective of this study is
to determine the factors that influence the quantity of bdhteade using a three-dimensional
system of Hausman-Taylor estimators (HT-SUR). The re&utn the systems methodology
will then be compared to the use of individual Hausman-Tagtmated models, thus providing
an agricultural trade analysis of the effects of pathimgdisease events on exports by product
category.
BACKGROUND

A system of Hausman-Taylor estimations (HT-SUR) was firesented by Egger and
Pfaffermayr (2004a) to address limitations in panel estimatooss three-dimensional data. The
methodology employed in this research incorporates panelbted regression to the Hausman-
Taylor (HT) estimator creating the HT-SUR estimations, Wisicould provide efficiency gains
for estimations and consistent estimates of the fa¢hat influence bilateral trade during a
disease event. While HT-SUR is applicable across many fifldesearch, it has been mainly
applied in the political economy literature to assespttiéical factors influencing trade
(Angulo, Lépez, & Mur, 2011; Serlenga & Shin, 2007). Few studige banployed this
methodology in the agricultural trade literature (Slandaugelsdijk, & Hennart, 2011). Often,
the methodological innovation of Egger and Pfaffermawvirlooked in favor of the

contribution to foreign direct investment (FDI) analy@iegger & Pfaffermayr, 2004b; Egger &
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Winner, 2005; Fratianni, Marchionne, & Hoon Oh, 2011; Mitze, Ale&kBntiedt, 2007
Turkcan, 2011)

It is important for exporting partners to understand the tauting factors that can cause
trade disruptions or changes in trade composition as k oésuhighly pathogenic outbreak.
These changes can be costly when considering imp@kesaceptance and long term revenue
recovery (Jin, McCarl, & Elbakidze, 2009; Johnson eR8lIL1; Johnson et al., 2015). Using the
HT-SUR methodology, better disaggregation and efficientnasion of product categories can
be estimated (Egger & Pfaffermayr, 2004a). This will allowasters to understand potential
impacts of a disease outbreak and adjust business prauatamslingly to potentially mitigate
some of the economic costs of an outbreak.

METHODOLOGY

Random effect estimators provide the most informationvarelyzing panel data as it
provides estimates of the within and between variaticdhetiata. However, the assumptions of
a random effects model are often violated, especialtyafao correlation between the
individual effects and the error term. An alternativeneator when this key assumption is
violated is the fixed effects model. The fixed effects nhoelmoves individual specific effects
by decomposing the random effects estimate into two comp&né) between; and 2) within
variation. Between estimators model the cross sedt@fets across time for individuals, but
cannot be applied to the underlying population, as they are sapgdific. Within estimators
compare effects across identifiers, but do not estimateiticariant variables.

A hybrid solution to account for both the between and withimation is a Hausman-
Taylor (HT) estimatotHausman & Taylor, 1981). This multistep approach estimates

coefficients of both the within and between estimatoryariables that vary across time or are
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constant (i.e., time variant and time invariant vagahl The HT estimator provides estimates
over two-dimensional panel data. These dimensions caimbeeunique identifiers, geography,
etc. Traditionally, if a dataset is three-dimensipaalesearcher must choose which dimension to
collapse to facilitate estimation, or must choose tiomase M equations (where M is the number
of unique identifiergn the data’s third dimension). Collapsing the dataset implies averaging over
that dimension and can reduce the efficiency of the asafysr example, if the third dimension
is commodity type (e.g., whole chicken or frozen turkagy] only select commodities have a
response to some external factor such as a disedsealytcollapsing the data across these
commodities might lead to statistically insignificant estiies of disease impacts for aggregated
data. However, there may be statistically significamaots estimated for a specific commodity
had it been modeled individually. Furthermore, individuatiele do not account for correlations
in the error terms across these models, if present.

This analysis uses the augmented gravity model of trade specification and is estimated
with a HT estimator. The HT estimator assumes that some regressors are correlated with the
unknown individual effects (a;). The HT estimator separates the variables into four categories:
time variant exogenous (X), time variant endogenous (X3), time invariant exogenous (W), and
time invariant endogenous (W;). The variables used in the gravity model are separated into these
HT designations and calculated using equation (1):

Yie = X1it'Br + Xoit B + Wiy 61 + Wayi '8, + a + & (1)
where i is the unique identifier, ¢ is time, y is the bilateral trading quantity,  and J are vectors of
coefficients, and ¢ are the residuals. Matrix dimension of 7 is N and ¢ is T such that y;, is NTx1.

The endogenous variables are those variables that are correlated with the individual

effects. The assumption that all variables are uncorrelated with the error term, E[ Wi, Xjii] = 0,
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still holds as with other panel estimators, but model assumptions are now extended so that not all
variables are uncorrelated with the individual effects, E[ ai|Wait,X2it] # 0. Important assumptions
of'the HT estimator include (Cameron & Trivedi, 2009; Hausman & Taylor, 1981):

1) EloilXiit, Wiit] = 0; E[ 0| X2it, Wait ] # 0

2) V[0ilXiit, Wiit, X2, W] = 02

3) Cov[(0,&)| X1, Wi,X2,W2] =0

4) V[(0i+e)|Xi,W1,X2,W5] = 62+02

&

5) Corr [(oi+ &5 o+ &) X1, Wi, Xo, Wa] =

(oG+a2)

The first assumption implies only certain variables are endogenous. Assumption 2 defines
the variance of the random effects model that is used in later assumptions. Assumption 3
assumes that there is no covariance between the individual effects and the error term.
Assumption 4 defines total HT variance as the sum of the variance for the individual effects and
the error term variance. Assumption 5 is the correlation between panel observations. If these
assumptions are true, then the HT estimation will be consistent and efficient.

The HT estimator is a multistep process that approximates the time invariant variables
through an instrumental variable approach using the time variant exogenous variables as
instruments for the time invariant endogenous variables. The HT estimator then estimates a
weight for a feasible generalized least squares (FGLS) estimator using the estimated variances.
This approach makes it is possible to have coefficients that can be predictive of the underlying
population and include unbiased estimates of relevant time invariant variables, which are both
limitations of using either of the classes of fixed effects models individually. Below is a brief
description of the solution method, steps 1-5, adapted from Hausman and Taylor (1981) and

Greene (2001).
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1)

2)

3)

4)

Estimate the model with either a within or least squares dummy variable approach. The
within estimation is presented in equation (2). This estimates the cross sectional variation
consistently. Variance of this estimation will be 2.

Ve =V = K1 — X)) B + Xoie — X20)' B2 + (60 — &) (2)
Calculate the residuals from step 1 by subtracting the estimated y from the observed y.
Next, calculate the mean residual by time for individual i. Stack these to create a vector
of mean residuals, e;".
Use e; as the dependent variable in an instrumental variable regression with W and X
as instruments (Z;; and Z,;) for W, and W,. This will consistently, but not efficiently,
estimate &, and &, from equation (2). Additionally, this provides an estimate for 6° to be
used in later steps.
Using assumption four from above regarding overall HT variance, o2 can be calculated
using the estimated variance from step 1 for the within estimation or 62, (eq. 3) where T
is the number of periods. Using the calculated variances, a weight for the FGLS in step 5

can be estimated using equation 4.

2
o? =02+ %/p (3)
A o2
0=1- (To2+0?) (4)

5) Use the estimated weights, 0, from equation (4) to create a new W* matrix.

W* = [Xiie, Xaits Ziis Zoi 1 = 0[ X, Xaits Zii, Zai] (5)
y* =vi- Oy ©)
Vie = [(X1ie — Xli)’ » (Xaie — th)"lei »Xli] (7)

A final two stage least squares (2SLS) is estimated of y* on W* with instruments V.
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Estimating individual HT models for data that are composed of three dimensions would
result in consistent estimates across the two included dimensions, with the third dimension
determining the individual models. However, if there are unknown factors that are endogenous
across the M models, this information is not incorporated into the modeling framework. To
account for the relationship across the error terms in related models, a system of equations
should be used, such as a system of seemingly unrelated regressions (SUR). To account for
three-dimensional panel data, a HT-SUR estimation that creates a system of HT estimations (eq.
8) should be used which expands the model to a system of £ models. The key relevant aspect of
this approach is that the variance of the estimator incorporates not only the combined variance of
the within and between estimators, but also includes the variance across the individual HT
estimators to capture those efficiency gains.

Vi = XiuBr + XpieB2 + Wi 81 + WSy + a; + & (8)
where i is the unique identifier, # is time, & is the third dimension (i.e., poultry product
categories), and the other variables are defined above.

The HT-SUR uses the same steps as the HT estimator, except there is a stacking of
equations. This implies that the dimensions of y change from NTx1 to NTKx1, where each NTx1
matrix is stacked by £, or the third dimension (e.g., poultry product categories). The variance is
no longer ¢%1 for each individual model, but now implies T & I where diagonal components are
individual model variance covariance matrices and off diagonal components are the covariance
between individual models.

To empirically test the HT-SUR model, a system of individual models estimated for
poultry product categories will be compared to individually estimated models (as presented in

Chapter 3). In order to correctly specify the appropriate model, a random effects model was
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estimated and results were tested using a Breush and Pagan Lagrangian Multiplier test to
determine whether true random effects exist or if ordinary least squares regression would be
better suited. The presence of random effects was statistically different from zero, thereby
motivating the panel approach. Next, a Hausman specification test is performed to test between
random and fixed effects models, which determined whether or not the individual effects are
correlated with the error term. The Hausman specification test suggested a fixed effects model is
appropriate. In order to have the most complete set of explanatory variables, a system of HT
models are used to capture both the within and between variation of the data.
DATA

The HT-SUR estimator will be applied to the three-dimensional poultry trade dataset
used in Chapter 3. The data are a combination of disease outbreaks of HPAI or ND and trade
data from the Global Trade Information Services’ Global Trade Atlas. The data consist of
monthly bilateral trade for 24 exporting countries, from January 2004 to December 2015 for
fourteen different poultry categories (Table 4“lnformation concerning the diseases are
recorded for HPAI and ND and reported on Wierld Organization for Animal Health (OIE)
website (OIE, 2015). The OIE detailed reports on disease outbreaks included number of infected
flocks, the number of outbreaks during a disease event, and the nature of a disease event in
geopolitically defined countries. This study limits these outbreaks to those that are non-endemic
for HPAI or ND. For more information on the diseases dataset see Johnson et al., 2015.

Bilateral trade is recorded for United Nation (UN) recognized trading partners so as to

eliminate non-recognized trading partners such as “International Waters” or “High Seas.” In

16Austria, Belgium, Brazil, Canada, Chile, China, Denmark, France, Germany, Greece, Hungry, Italy,
Japan, Mexico, Netherlands, Poland, South Korea, Spain, Bw&dézerland, Taiwan, Turkey, the
United Kingdom, and the United States.
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addition, only trading partners that account for at least 5% of trade from the exporting country
for the base year of 2013 are included in the analysis, as this is a period in which there were no
outbreaks from non-endemic trading countries and should represent a non-infected, or “normal,”
year’s trading value.

Poultry product categories are assigned based on the six-digit level of the harmonized
system code (HS code) for fourteen poultry products (Table Bréyluct categories are assigned
a HT-SUR model group based on the nature of the productiaated in the product name. For
example, Live Chickens (HS 010511) is assigned to the live modalNdole Fresh Chicken
(HS 020711) in the fresh model. These groupings were determined dasimilar patterns of
bilateral trade changes as well as feasibility in estimatMore aggregated groups, such as a
turkey or a chicken model, were considered, but data limitatsra result of the SUR
estimation exclude these more aggregated groupings.

Additional data are recorded from publically available sairé@nual population and
real GDP data are reported by United States Departméwgjrwiulture - Economic Research
Service (USDA-ERS, 2015). Distance and geographical indicatopubtished in the GeoDist
datbase through the Centre D’Etudes Prospectives et D’Informations Internationales, or CEPII
(Mayer & Zignago, 2011)Country currencies, as reported by UN’s Food and Agriculture
Organization Corporate Statistical Database (FAOStat) (30dfsmused to determine if a
trading pair uses a common currency. Annual global peracapiisumption of poultry is
recorded from the UN’s Organization for Economic Co-operation and Development (OECD)-
FAO Agricultural Outlook (2015b).

Variable summary statistics for this analysis are ptesein Table 4-2. These include the

variables necessary for a gravity model of tra@G&P andpopulation, of both exporting and
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importing partners, as well @sstance between trading partner&are indicates the share of the
world’s export market and is included as an indicator for the relative importance of the exporter
on the global market.

The two disease variables of interestdBeandHPAI, which indicate discreetly whether
there was a disease event of either ND or HPAI in therérgaegion. Additional disease
information includeout year, which is a count of simultaneous outbreaks in a giwam.yWhile
some importers may not change their preferences dugtapal disease event, there is a
possibility that with increased global disease pressum@porter may change the types of
products imported or ban imports from infected exporters.

Per capita is the annual per capita consumption of poultry meat,hwiriovides a
variable to account for the global trend in consumpoibpoultry products across time.
Contiguous partners specify whether trading partners share a common bardszommon
currency specifies whether trading partners have a common cytrBath contiguous partners
andcommon currency are variables meant to provide insights into potentidirigafavorability
based on either proximity or reduced transaction cogthiar shipping or exchange fees. To
acount for potential regional and cultural variability, mgwvariables are included to indicate
the regiorof the exporer.

RESULTS AND DISCUSSION

To compare the two methodologies presented in chapter 3 and chapter 4, 14 difféfen
models were estimated for each of the different popltogluct categories creating a baseline to
compare to the five HT-SUR models (Table A 4-1 and Table2\ Fo compare the two model
results, data were limited in the individual models to only those observations that could be used

in the HT-SUR models. For the seemingly unrelated regression analysis, observations must be
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consistent across identifiers. Only those bilateral partners that traded all products in the HT-SUR
group could be included. While this is not optimal for estimation, this allows the researchers to
compare similar modeling results. The HT and HT-SUR models were estimated using Stata
(StataCorp, 2016). Full results are presented in Appendix 4 Tables A 4-1 and 4-2, respectively.
Selected results are presented in Table 4-3 for select poultry product categories assigned to the
frozen model for both the HT and HT-SUR estimations. The frozen category includes chicken
and turkey as well as different cuts of meat (i.e., whole and parts). The individual models are
those that were estimated as an individual model and would represent the traditional method of
estimating three-dimensional data (as described in Chapter 3). The three product categories
included in the frozen model were estimated in the system of equations as part of the HT-SUR
estimation.

Using a Z-test, assuming asymptotic normality, the coefficients of the HT and HT-SUR
models were tested to see if they are significantly different. For all significant levels, the tests fail
to reject the null hypothesis that the values are statistically similar. Testing provides assurances
that the coefficients are statistically the same and supports consistency in estimation across the
two modeling frameworks.

For both the HT and the HT-SUR estimations, similar variables are estimated to be
significant. An instance where this varies can be observed in the per capita variable, which is
estimated to have significantly influenced bilateral trade for whole frozen turkey in the HT-SUR
estimation, but was not statistically different than zero in the individual HT model. The
expectation of the HT-SUR estimator is an increase in modeling efficiency. In this analysis, there
are small improvements in the standard errors, 2.57 for the HT estimator and 2.53 for the HT-

SUR. The estimated coefficients differ, such that given the standard error estimated, it is
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determined significant at the 0.1 level, or 90% confidence. This significance implies that
increases in global poultry consumption by 1% decreases the quantity of bilateral trade of whole
frozen turkey by 4.24%. The individual model results indicate no significant relationship
between global consumption trends and quantity traded.

Variables influencing trade based on the gravity model of trade specification tend to be
significant in determining bilateral trade quantities. These include importer and exporter
population and GDP as well as the distance between trading partners. Importer population
significantly affects all sample models except whole frozen chicken. Distance significantly
impacts all sample models. Directionally, distance negatively influences whole frozen chicken
and frozen chicken parts, a decrease of 2.4% and 0.34% respectively for a 1% increase in
distance between partners for the HT-SUR estimation. This implies that as the distance between
bilateral partners increases, indicating a change in partners, the quantity traded of these products
decreases. The opposite is true for frozen turkey product categories. The further the distance
between trading partners the greater the quantity traded of whole frozen turkey, or an increase of
0.95% for a 1% increase in distance. These results reflect differences in preferences in importing
countries as well as preferences for shipping methods.

The two disease variables HPAI and ND were predominantly insignificant influencing
factors for the quantity traded of frozen poultry products with the exception of whole frozen
chicken for both modeling frameworks. The quantity of whole frozen chicken is estimated to
decrease during an outbreak of HPAI. These results are surprising in that a disease outbreak of
HPALI is traditionally expected to influence bilateral trade. This is not to say that countries do not
respond, but that in the reduced dataset, it was not statistically significant for the frozen product

categories. Extending this to compare all poultry product categories (Tables A 4-1 and A 4-2)
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there are more product categories with the HPAI variable that are statically significant. One
explanation for this is in terms of composition of trade. Some commodities might not be
affected, as importers are not sensitive to those products due to preferences or risk perceptions of
those products. Others could increase or decrease trade based on type of product. A ND event is
not a significant factor affecting trade in any of the commodity groups. This is an important point
to note, that during a disease event trade may be affected between some trading partners, but not
so much as to significantly change the total quantity traded.

Limitations of this analysis lie with an unbalanced panel in the underlying data. Given
that the HT-SUR must have a balanced panel to estimate, observations were excluded when
estimating both models. This limits the bilateral trade pairs that are being used in the estimation.
For a balanced panel, this would not be an issue as the HT-SUR estimator would not drop those
observations missing by bilateral trading pair. Consistently, the results indicate slight efficiency
gains by using the HT-SUR model, motiving its potential methodological appropriateness for
three-dimensional data. Future research with balanced panels could benefit from using this
methodology as a way to estimate three-dimensional datasets consistently and efficiently without
having to collapse across one of the dimensions.

CONCLUSION

Many factors affect global poultry trade, and are of interest to exporting and importing
partners during a disease event such as HPAI or ND. Understanding the influencing factors
provides increased understanding of the consequences of a disease event in an exporting country.
This work estimates the factors affecting bilateral trade, and compares the extended HT-SUR

methodology to a traditional HT approach. The empirical results provide a deeper understanding
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of those factors, which can be used to estimate the changes in quantity traded of a poultry
product category given a highly pathogenic disease event.

The augmented gravity model of trade provides a means for specifying predictive factors
of the quantity of bilateral trade. The additional information included in this analysis allows for
increased predictability, accounting for changes in global tastes and preferences across time,
relative importance of the exporting partner, and a measure for preferences linked to geographic
proximity and potential economic favorability (e.g., common currency).

Using the HT-SUR estimator, this work bridges the gap franptiitical economy
literature to agricultural trade in showing the gains imetidr efficiency by using a systems
approach for three-dimensional par#éle data used in this analysis are a unique bilateral trade
dataset across time and product categories. The use of the HT-SUR allows researchers to
maintain data dimensionality, not typical of panel data analyses in the agricultural economics
literature. Often these compromises come in the form of aggregation across one of the
dimensions, which can smooth out potential effects of explanatarjables By using the HT-
SUR, this aggregation is not necessary, providing a framework for a three-dimensional analysis.
The presented method is not limited to trade, in that any dataset with three-dimensions and time
variant and time invariant variables that have individual effects could be estimated using this
methodology, gaining in efficiency without compromising one of the dimensions or consistency
in estimation. Using this methodology, future work could include other agricultural sectors to
estimate the effects of major trade distorting events to improve the available information to

exporting and importing countries.
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Table 4-1: Poultry product categories used in bilateral tradgssavith the associated HT-

SUR model

Product Short Nae Product Name HS Code HI\-LI-;)Sdl;IR

Live Chickens Commodity: 010511, Chickens, Live, Weighin 10511 Live
Not More Than 185 G (6.53 Oz.) Each

Live Turkeys Commodity: 010512, Turkeys, Live, Weighing 10512 Live
Not More Than 185 G (6.53 Oz.) Each

Whole Chicken: FresFCommodity: 020711, Meat And Edible Offal O 20711 Fresh
Chickens, Not Cut In Pieces, Fresh Or Chilled

Whole Chicken: Commodity: 020712, Meat And Edible Offal C 20712  Frozen

Frozen Chickens, Not Cut In Pieces, Frozen

Chicken Parts: Fresh Commodity: 020713, Chicken Cuts And Edible 20713 Fresh
Offal (Including Livers) Fresh Or Chilled

Chicken Parts: FrozerCommodity: 020714, Chicken Cuts And Ediblc 20714  Frozen
Offal (Including Livers) Frozen

Whole Turkey: Frozer Commodity: 020725, Turkeys, Not Cut In 20725 Frozen
Pieces, Frozen

Whole Turkey: Fresh Commodity: 020726, Turkey Cuts And Edible 20726 Fresh
Offal (Including Livers), Fresh Or Chilled

Turkey Parts: Frozen Commodity: 020727, Turkey Cuts And Edible 20727  Frozen
Offal (Including Liver) Frozen

Shell Eggs Commodity: 0407, Birds' Eggs, In Shell, Frest 407 Eggs
Preserved Or Cooked

Eggs Products Commodity: 0408, Birds' Eggs, Not In Shell 408 Eggs
And Egg Yolks, Fresh, Dried, Cooked By Stee
Etc., Molded, Frozen Or Otherwise Preserved
Sweetened Or Not

Cooked Turkey Commodity: 160231, Meat Or Meat Offal Of 160231 Prepared
Turkeys, Prepared Or Preserved, N.E.S.O.1.

Cooked Chicken Commodity: 160232, Prepared Or Preserved 16032 Prepared
Chicken Meat, Meat Offal Or Blood, N.E.S.O.I

Cooked Other Commodity: 160239, Meat Or Meat Offal Of 160239 Prepared

Chickens, Ducks, Geese And Guineas, Prepa
Or Preserved, N.E.S.O.I.

Source: Global Trade Information Systerslobal Trade Atlas; HS: Harmonized System; HT-SUR

Model based on similar product processing levels.
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Table 4-2:Descriptive statistics and Hausman-Taylor model descripfangriables used in bilateral quantity trade analysis

Name Variable Description Unit HT® Description Mean Min Max

Quantity Exporting quantity Pounds TV*, Exogenous 281,484 1 120,000,000

Population Population for trading partner i Per Capita TV, Exogenous 83,800,000 102,918 1,360,000,000

GDR Real GDP for trading partner i’ Bﬂ[l}%r]l)s of TV, Exogenous 1,841.75 0.71 16,271

- - - 5

Distance Distance between trading Kilometers TIV>, Endogenous 2,497 60 19,080
partners

Share Annual share of world export o TV, Endogenous 0.05 0.00 0.33
market

Highly Pathogenic,. . T

Newcastle Diseas > Pary variable indicating if ND 0,1 TV, Endogenous 0.02 0 1
was reported

(ND)

Highly Pathogenic, . . .

Avian Influenza  Dinary variable indicating 0,1 TV, Endogenous 0.07 0 1
whether HPAI was reported

(HPAI)

OutYear The number of'51mu1'taneous Count TV, Exogenous 598 0 15
disease events in a given year

Percent Capita  Annual glgbal per capita o TV, Exogenous 12.15 10.7 13.74
consumption of poultry meat

Contiguous Binary variable to indicating

Partners partners who are geographically 0,1 TIV, Exogenous 0.45 0 1
contiguous

Common Currenc Binary variable indicating
trading partners who share a 0,1 TIV, Exogenous 0.27 0 1
common currency

Asia Binary variable for exporting 0.1 TIV, Exogenous 0.10 0 1
country

Europe Binary variable for exporting 0.1 TIV, Exogenous 0.70 0 1
country

South America  Binary variable for exporting 0.1 TIV, Exogenous 0.03 0 1

country
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Table 4-2:Descriptive statistics and Hausman-Taylor model descriptangriables used in bilateral quantity trade analysist.co

Name Variable Description Unit HT® Description Mean Min Max

North America  Binary variable for exporting 0.1 TIV, Exogenous 0.06 0 1
country ’ ’ )

Africa Binary variable for exporting 0.1 TIV, Exogenous 0.06 0 1
country ’ ’ )

Oceania Binary variable for exporting 0.1 TIV. Exogenous 0.01 0 |
country ’ ’ )

Middle East Binary variable for exporting 0.1 TIV. Exogenous 0.04 0 |
country ’ ’ )

'Dependent Variable

2j = exporter, importer

®HT Description=Hausman Taylor variable description
*TV: Time Variant

°TIV Time Invariant
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Table 4-3: Selected results for estimated factors inflagriailateral poultry trade comparing Hausman-Taylor to Haushastor

seemingly unrelated regression models

Importer Population

Importer GDP

Exporter GDP

Exporter Population

Distance

Per Capita

Share

ND

HPAI

Out Year Count

Frozen Model Individual Individual Individual
Whole Frozen Frozen Chicken Whole Frozen Whole Frozen Frozen Chicken Whole Frozen

Chicken Parts Turkey Chicken Parts Turkey

-5.86 9.26*** -13.65%** -5.77 8.91*** -14.76%**
(4.85) (2.33) (4.98) (4.93) (2.37) (5.06)
-1.27 0.98 8.92%** 0.28 1.34 9.25%**
(2.19) (1.10) (2.17) (2.22) (1.12) (2.20)
11.08*** -2.47* -1.19 10.30%** -2.79** -0.92
(2.37) (1.15) (2.83) (2.41) (2.17) (2.89)
-3.47 -10.57** 21.15* -12.20 -11.80** 18.01*
(10.21) (4.91) (10.73) (10.38) (5.00) (10.93)
-2.40%** -0.34*** 0.95%** -2.25%** -0.25%** 1.04***
(0.23) (0.09) (0.14) (0.23) (0.09) (0.14)
6.48** 0.58 -4.24* 6.83** 1.05 -3.42
(2.61) (1.30) (2.53) (2.64) (1.33) (2.57)
0.94** 1.27%** 0.61 1.08** 1.30%** 0.61
(0.47) (0.23) (0.51) (0.48) (0.23) (0.52)
0.30 0.10 -0.32 0.23 0.13 -0.31
(0.42) (0.20) (0.42) (0.43) (0.20) (0.43)
-1.14%** -0.08 0.42 -1.15%** -0.09 0.39
(0.40) (0.17) (0.36) (0.41) (0.17) (0.37)
0.06** -0.00 -0.02 0.07** 0.00 -0.01
(0.03) (0.01) (0.03) (0.03) (0.01) (0.03)
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Table 4-3: Selected results for estimated factors inflogricilateral poultry trade comparing Hausman-Taylor to Hausnagioil
seemingly unrelated regression models, cont.

Frozen Model Individual Individual Individual
Whole Frozen Frozen Chicken Whole Frozen Whole Frozen Frozen Chicken Whole Frozen

Chicken Parts Turkey Chicken Parts Turkey
Contiguous Partners -0.32 -0.65%* -0.02 -1.00** -0.69*** -0.19
(0.45) (0.23) (0.34) (0.46) (0.24) (0.34)
Common Currency 2.82%** 1.40*** -0.39 3.74%* 1.5 -0.29
(0.43) (0.33) (0.32) (0.45) (0.35) (0.33)

Constant 222.25 100.16 -336.25 538.83* 149.74 -206.15

(302.75) (136.41) (296.02) (308.18) (139.85) (301.72)

Number of Observations 478 478 478 478 478 478

R? 0.556 0.680 0.622 0.560 0.681 0.623

Source: Model Estimations; Standard errors in parenthese<®01, ** p<0.05, * p<0.1
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CHAPTER 5 - CONCLUSIONS

Highly pathogenic diseases can spread quickly and can bengjrthus potentially
infecting a great number of animals and creating a sigmifiburden on the food supply chain.
The overarching theme of this work is estimating the ingata highly pathogenic poultry
disease event on the U.S. poultry supply chain. Highly patho diseases have the potential to
devastate stocks of animals in a matter of months, edgetiencontrollable vectors carry
them. For the poultry industry, HPAI is particularly @ihcern due to its virulence and
pathology. For example, in two quarters during the 2014-2015eak of HPAI in the United
States, more than 48 million birds were affected. Tla@aic impact of a disease event
includes direct disease costs such as the cost of depopuladaning and disinfecting,
restocking, etc., and also indirect costs that areffieets of having a confirmed disease event
such as export losses due to trade embargos and negative effecinsumer and producer
welfare (Thompson & Pendell, 201@&)s global trade increases, disease management will
continue to be an issue of great importance to ensure#iidhtulness of domestic production
and the competiveness of markets domestically and inkemady .

The first essay shows that farm level disease manageateeisions from animal health
officials have impacts along the supply chain. Decisior®tinue stop movement orders
potentially impact uninfected premises within the control zeitke a loss of potential revenue
(Thompson & Pendell, 2016). Producers that are able to progricts can benefit from
increased prices, but taking into account the losses taffdwted producers leaves the net
impact to producers as a loss in total welfare. Consumeaffected by disease management

decisions through changes in final prices of goods. Stopmenteorders effectively exacerbate
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the reduction in egg supply caused by the disease evdhtTise resulting changes in prices can
lead to losses in total welfare. By providing a proactive fadatusiness continuity, $13.6

million in forgone welfare may be recovered in the dated outbreak. These economic losses
of a disease evemtith only stop movement orders show the value of a pergiftincess based
on proactive risk assessmery assessing the value and the potential risks of business
continuity practices, policy makers can make more méat decisions.

The second essay analyzes the impaetdidease event in exporting countries on
bilateral tradelmporters can choose which trade restrictions to imposeous products and
for how long. These decisions can drive changes in tipasitionof trade as importing
countries may choose to import from other sources or inghber products. Model estinest
show that commodities are influenced differently by dise@mphasizing the impact of
commodity specific estimations. While HPAI and ND both haweacts o total bilateral trade
when modeling individual product categories, HPAI was found to sgnifly impact trade in
certain product categories. ND was not found to significanflyence trade quantity during a
disease event. The analysis also estimated thes@ieother factors that influence trade
including common currency or contagious partners. The thai@aliproduct category estimations
help to provide more accurage ante results to be used in the face of a disease event andgr
practitioners with improved understanding of bilateral tfiale influencing factors and
composition during a disease event.

The final essay builds from the limitations of curreatle literature to show
methodological efficiency gains by using a system of HT gopuginstead of product category
individual models. Extending the methodology to incorpottageHT-SUR model developed by

Egger and Pfaffermayr (2004) provides an estimator thapabta of analyzing three-

91



dimensional data without compromising any of the dimemssiBobust bilateral trading data for
multiple commodities over time are often collapsedrane of the dimensions in practice.
Using the HT-SUR estimator, factors that influence quattiyed were investigated. The
limitation of this analysis is in the usable observatfonshe system of equationdowever,
even limiting the comparison across methodologies tsdh® observations, there was evidence
of slight efficiency gains using the systems approachs@&lgains imply that future work on
panel data do not have to compromise a dimension in esiimaspecially considering the rich
data available to researchers

The negative impacts of disease events are neveedgeBurt this work shows that there
are mechanisms that can be used to mitigate some disdaiset impacts and provides estimates
to understand the potential trade implications. Businessntaiiytcan provide a reduction i
negative welfare effects throughout the supply chain by aifp¥or a quicker permitting
process to move products or goods on or off of premises vaitbimtrol area. By knowing the
trade impacts of a disease event, exporters can maddy predict implications, and may be
better prepared to respond to potential trade restricticife inase of a disease event. These
analyses provide usable tools and methodologies that can bim tisedvent of a highly
pathogenic event, such as HPAI, in the United States to unitttb@economic costs
associated with disease-related management practidésaae impacts. This also provides a
framework that can be used to study disease events inindlstries such as beef or pork.
These analyses can be extended to other industries to ahetéfsimilar disease management

practices are economically viable or to more fully undedsthe factors that influence trade
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APPENDIX 1: MODEL PARAMETER CALCULATION DESCRIPTIONS

This appendix provides further explanation for the caledigiarameters. All parameters
are reported in Table A 2-1 below.
Unit Revenue Shares

Unit revenue shares are derived from published informatiolhy @®1) and
supplemented with industry expert opinions. The revenuesiase calculated as a percent of
the price going to different factors of production. Thageaggregated into three main
categories: 1) shell eggs (breaker eggs); 2) costs ofgziage and 3) margin. The most likely
values are requested when eliciting expert opinion. In ordemipare prices across multiple
products, the processed egg products are calculated using egshetjuivalent. Where
necessary, the shell egg equivalent conversion factorisi¢eti pounds per dozen shell eggs
(USDA-AMS, 2015)

Egg prices used to calculate the unit revenue shares é&2@lhianean prices as reported
by the USDA-AMS (2015). Table eggs are the average 2014 prices of Sradiée, large
eggs. For processed eggs, an aggregate processed egg qaicelated using the AMS reported
prices in conjunction with expert opinion for the dsien of eggs into the three processed egg
categories: liquid, frozen, or dried eggs. Each product awlpt priceis converted to a shell
egg equivalent. The average tended toward the average friozeessed egg prices.

Costs used in calculations are general values for edb&r or processed eggs (Ibarburu
& Bell, 2014). All transportation costs are assumed to beefits@er dozen. Table egg costs
consist of 22 cents per dozen processing costs for washimzieg, and cartooning the eggs

plus transportation costs. Processed egg costs aratestias 24 cents per equivalent dozen,
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which include transportation, processing, and pasteurizingpiuessing costs include the
costs associated with breaking eggs. Eggs are typicallgyasid as egg products, such that a
shell egg equivalent had to be used to estimate the cost oreggoeasis. These costs were
elicited from industry experts.

Margin on eggss assumed to be the difference between the end pricesdiqis
(USDA-AMS, 2015) minus the aforementioned costs. This redueesettsitive nature of
eliciting opinion on margin values from producers. This nmeagcrues to the processor and
retailer as well as any additional middle steps includingl@galer, warehousing, or additional
transportation outside transportation costs.

Product Specific Elasticities

The nature of the economic egg model diverts eggs irtterd@ble or processed eggs. In
order to parameterize the model appropriately, elastiggiesific to end product are needed for
most accurate results. These are not found in curterdtlire or government sources. Available
elasticities are generalized egg elasticities that indlldesyg products (including hatching
eggs). In order to facilitate modeling endeavors, stock xpetre and price elasticities are
calculated by end product used in the model (i.e., individ@ailiable and processed eggs). This
provides a means to differentiate market responses by prygecinstead of assuming similar
responses by type of product. All elasticities are caledlay use of double log models, which
assume constant elasticities.

Sock Elasticities
To estimate the stock elasticities;), individual models are calculated using ordinary

least squares for ending stock$ for bothi goods (i.e., table and processed eggs) as a function
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of the price of shell egg®{ during the current time periadThe values were logged, assuming
constant elasticities in equation 1.
(1) El, = By + &, EP;
Net Export Elasticities
Net export elasticities had to be calculated for both egg proyhest due to limitation of
the available net exports elasticities. Elasticitietherelevant literature were aggregated for all
egg product and were separated into import and export elastidib calculate the net export
elasticities £x.m;), @ simple ordinary least squares regression was eéstf@ net exportsX-
M;) for both table and processed eggs using world pAte for the respective egg type as the
regressor. All variables were logged such that the regudbefficients are the elasticities. Below
are the equations used in these calculations.
(2) E(X7g — Mrg) = B1 + &x_mreEPrg
(3) E(Xpg — Mpg) = By + &x_mprEPpE
Price Elasticities
For similar reasons as above, the elasticitieshieindividual egg type were calculated to
better parameterize the U.S. Egg Model. These againas@neated with ordinary least squares
on a double log specified model. The quantity, giregressed on the own and cross prices to
better estimate the price elasticities.
(4) EDrg = By + ergre EPrg + €rppr EPpg
(5) EDpg = B1+ €pppr EPpp + €pp e EPrg
Calculated Parameters
Calculated parameters are those parameters that aredd#frough the model

substitution process. When substituting to reduce the 22 equattiorike three final equations
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to be solved using inverse matrix algebra, these were thg defined coefficients on variables.
They are defined using the exogenous parameters speciftesl Trable A 2-1. Appendix
equations 6, 7, 9, and 10 are all input elasticities for eitlie or processed eggs. These
elasticities represent the relative change in quantityngavehange in an input for tihgroduct.
Equations 8 and 11 represent the supply elasticity faritpeoduct, which is the change in
guantity supplied given a change in the end price of thaugtoAll parameters have been

defined in the text and summary is provided in Table A 2-1

- q],TE (s[,k|TE (qk,TE + q],TE) + qs,TEss,k|TE)

(6) 1
TE G..re
(7) /7 — qS,TE (ss,k|TE (qk,TE + qS,TE) + ql,TEsl,k|TE)
TE,s q
k,TE
(8) /7 — q[,TEsl,k|TE +qS,TEsS,k|TE
TE,TE
qk,TE
(9) h — ql,PE (sl,k|PE (qk,PE + ql,PE) + q.Y,PESS,kIPE)
PE,w
qk,PE
(10) /7 — qs,PE (ss,k|PE (qk,PE + CIS,PE) + ql,PES l,k|PE)
PE,s
qk,PE
(11) h — ql,PES 1,k|PE +qs,PEss,k|PE
PE,PE

qk,PE
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Table A 2-1: Summary of parameters used in the econondeloalysis and their sources

Parameters Description Value Source

01 te Unit revenue shares 0.160 Bell, (2001); Industry Expertise
0ste Unit revenue shares 0.515 Bell, (2001); Industry Expertise
Okte Unit revenue shares 0.325 Bell, (2001); Industry Expertise
01, pe Unit revenue shares 0.164 Bell, (2001); Industry Expertise
0 spe Unit revenue shares 0.532 Bell, (2001); Industry Expertise
0k pe Unit revenue shares 0.304 Bell, (2001); Industry Expertise
As te Factor Share 0.700 USDA - AMS (2015)
As, pe Factor Share 0.300 USDA - AMS (2015)

Ey.te Income Elasticity 0.346 USDA - ERS (2013)

&y,pe Income Elasticity 0.346 USDA - ERS (2013)

€ te Stock Elasticity  -1.315 Author's Calculation

&, pe Stock Elasticity  -0.108 Author's Calculation

Ex. te Net Export Elastidy 0.590 Author's Calculation

Ex,pe Net Export Elasticity 0.250 Author's Calculation

Ete,pe Cross Price Elasticity 0.149 Author's Calculation

Ete Own Price Elasticity -0.538 Author's Calculation

€pe Own Price Elasticity -0.801 Author's Calculation

Osk: te Substitution Elasticity 0.436 Ollinger, MacDonald, & Madison (2005)
Olk: te Substitution Elasticity 0.436 Ollinger, MacDonald, & Madison (2005)
Osk:pe  Substitution Elasticity 0.436 Ollinger, MacDonald, & Madison (2005)
Ol k: pe Substitution Elasticity 0.436 Ollinger, MacDonald, & Madison (2005)

€s Egg Price Elasticity -0.088 USDA - ERS (2013)
Ns Raw Egg Supply 1.000 USDA - ERS (2013)
Elasticity

Nee, w Input Elasticity 0.215 Author’s Calculation
N, s Input Elasticity 0.692 Author’s Calculation
Nte, te Supply Elasticity  0.907 Author’s Calculation
Npe, w Input Elasticity 0.321 Author’s Calculation
MNpe, s Input Elasticity 0.762 Author’s Calculation
Npe, pe Supply Elasticity  0.996 Author’s Calculation
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APPENDIX 2: EXPANDED MODEL EQUATIONS FOR U.S. EGG INDUSTRY

The model is written in its fully differentiated forrach that all variables represented are

percent change&(is used to denote din, e.g., dli’noted a&P;).

(1) EPrg = 07 Ew + 0575 EPs + O 1 Evrg

(2) EPpg = 8, pg EW + 05 pg EPs + 0y pg ETpg

(3)ES =E¢p + Ase Eqre + As,pe Eqpe + Aste Eagte + As,pe Eagpe

(4) ES = &,EP;

() Ekrg = Eagrg + Eqre

(6) Ekpp = Eaypg + Eqpg

(7) Easrp — Eagrp = —Us,k|TE(EPs — Errg)

(8) Eayrg — Eagrg = —Ul,k|TE(EW — Errg)

(9) Ocre Eaere + Oi7e Eayre + Ok e EQire = 0

(10)Easpr — Eaypg = _O-s,klPE(EPs — E7pg)

(11)Eaipr — Eagpg = —Ul,k|PE(EW — ETpg)

(12)65 pe Easpe + 601,pp Eaypp + Ok, pg Edgpp = 0

(13)qreEq e + It -1 El rgt-1 = (Xrg — Mre)E(Xre — Mrg) + DrgED 1 + I El gy

(14)qpeEq pe + Ipge—1El pee—1 = (Xpe — Mpp)E(Xpe — Mpg) + DpgED pp + Ipp E1 pi ¢

(15)El, = &, rgEP;

(16)El, = & pgEPs

(Y7)EDrg = Eyrg + €rere EPre + €rgpp EPpg

(18)EDpg = Eypg + épgpe EPpp + €pgpre EPrg
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(19)EXrg — Mrg) = 675 + gx—m,TEEPTWE
(20)E(Xpg — Mpg) = 6pg + €x—mpeEPpg
(21)PrzEPYy = Prg EPrp + crgEtrg

(22)PpzEPpy = Ppg EPpg + cppEtpg
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APPENDIX 3: REGION SPECIFICATION USED IN GRAVITY ANALYSIS

Table A 3-1: Region specification for gravity model regiactors

Region Model Country Region Model Country
Region Region
Asia 1 China South America 3 Brazil
Asia 1 Hong Kong | South America 3 Chile
Asia 1 Hong Kong | South America 3 Costa Rica
Asia 1 Japan South America 3 Cuba
Asia 1 Kazakhstan | South America 3 Domlnlc_an
Republic
Asia 1 Singapore | South America 3 Guatemala
Asia 1 Taiwan South America 3 Haiti
Asia 1 Vietnam South America 3 Jamaica
Europe 2 Belgium South America 3 Paraguay
Europe 2 Croatia South America 3 Trinidad &
Tobago
Europe 2 Estonia South America 3 Venezuela
Europe 2 France North America 4 Canada
Europe 2 Georgia North America 4 Mexico
Europe 2 Germany North America 4 United States
Europe 2 Ireland Africa 5 Angola
Europe 2 Latvia Africa 5 Libya
Europe 2 Netherlands Africa 5 Senegal
Europe 2 Poland Africa 5 South Africa
Europe 2 Portugal Oceania 6 Australia
Europe 2 Romania Oceania 6 Indonesia
Europe 2 Russia Oceania 6 Philippines
Europe 2 Spain Middle East 7 Kuwait
Europe 2 Turkey Middle East 7 Oman
Europe 2 Kliig::le(})dm Middle East 7 Qatar
SOUt.h 3 Argentina Middle East 7 Saudi Arabia
America
SOUt.h 3 Bahamas Middle East 7 Unlte.d Arab
America Emirates
SOUt.h 3 Bolivia Middle East 7 Yemen
America
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APPENDIX 4: COMPLETE RESULTS FOR CHAPTER 4 ANALYSES

Table A 4-1: Estimated factors influencing bilateral poultrdérasing Hausman-Taylor
individual models

Live Live Whole Whole Fr_esh
Chickens Turkeys Fr_esh Fr(_)zen Chicken
Chicken  Chicken Parts
Importer Population  10.99** -4.86*** 0.93 -5.77 0.54
(4.32) (1.24) (1.47) (4.93) (1.56)
Importer GDP 0.92 -0.34 0.62 0.28 -0.65
(0.96) (0.28) (0.46) (2.22) (0.58)
Exporter GDP 5.40%*** 0.26 -0.07 10.30*** 2.00***
(1.18) (0.34) (0.61) (2.41) (0.72)
Exporter Populatior -38.64*** 3.36 -7.63*** -12.20 1.78
(6.98) (2.07) (1.93) (10.38) (2.31)
Distance 0.71%** -0.28*** 0.12%** -2.25%** -0.22%**
(0.10) (0.02) (0.03) (0.23) (0.04)
Per Capita 7.84%** 1.14* 2.86*** 6.83** 1.66**
(1.44) (0.47) (0.58) (2.64) (0.68)
Share -0.94x** 0.12 0.51*** 1.08** 1.04x**
(0.35) (0.12) (0.13) (0.48) (0.15)
END 0.02 -0.09 0.05 0.23 -0.00
(0.312) (0.12) (0.12) (0.43) (0.14)
HPAI 0.58** -0.04 -0.29** -1.15%** -0.20
(0.23) (0.08) (0.12) (0.412) (0.14)
Europe - -2.30%** -0.11 -15.11%*  4,96%**
- (0.09) (0.72) (1.59) (0.88)
North America 1.12%** - 0.98 -0.91 7.74%**
(0.39) - (0.71) (0.97) (0.87)
Africa -2.39 -1.64%+* - - -
(2.22) (0.54) - - -
Out Year Count -0.03 0.01 -0.00 0.07** 0.00
(0.02) (0.01) (0.01) (0.03) (0.01)
Contiguous Partner ~ 1.45%** 0.45*** -0.11 -1.00** 0.05
(0.38) (0.09) (0.09) (0.46) (0.12)
Common Currency  -0.78** -0.90*** 0.86*** 3.74%** 1.17%**
(0.39) (0.13) (0.08) (0.45) (0.12)
Constant 1,331.27*** 66.52  217.77***  538.83* -93.15
(253.70) (55.73) (59.43) (308.18) (70.41)
Observations 1,161 1,161 2,235 480 2,235
R-squared 0.177 0.497 0.141 0.560 0.191
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Table A 4-1: Estimated factors influencing bilateral poultagler using Hausman-Taylc
individual models, cont.

Frozen Whole Whole Frozen
Chicken Frozen Fresh Turkey  Shell Eggs
Parts Turkey Turkey Parts
Importer Population ~ 8.91*** -14.76%**  6.40*** 31.16*** 4.04
(2.37) (5.06) (1.16) (4.57) (2.82)
Importer GDP 1.34 9.25%** 0.56 -1.15 0.21
(1.12) (2.20) (0.44) (1.99) (1.49)
Exporter GDP -2.79** -0.92 -0.39 8.54*** -6.12%**
(1.17) (2.89) (0.54) (2.35) (0.84)
Exporter Populatior -11.80** 18.01* -3.54**  -56.60**  -24.42***
(5.00) (10.93) (1.68) (10.02) (4.50)
Distance -0.25%** 1.04%** 0.78*** 2.26%** 0.70***
(0.09) (0.14) (0.03) (0.17) (0.14)
Per Capita 1.05 -3.42 1.40%** -7.82%** 8.66***
(1.33) (2.57) (0.49) (2.34) (1.38)
Share 1.30*** 0.61 1.18*** 0.94* 0.30
(0.23) (0.52) (0.12) (0.49) (0.25)
END 0.13 -0.31 -0.09 -0.22 0.12
(0.20) (0.43) (0.10) (0.40) (0.33)
HPAI -0.09 0.39 -0.31%** -0.43 -0.09
(0.17) (0.37) (0.10) (0.35) (0.24)
Asia - - - - -1.79%**
- - - - (0.59)
Europe -1.44** 2.40*** 7.29%** 14.64***  -1.60***
(0.56) (0.86) (0.51) (1.24) (0.51)
North America 3. 71+ 5.47** 7.91%** 14.25%** -0.50
(0.34) (0.70) (0.51) (0.70) (0.54)
Out Year Count 0.00 -0.01 0.01* 0.01 0.02
(0.01) (0.03) (0.01) (0.02) (0.02)
Contiguous Partner  -0.69*** -0.19 -0.06 -2.96*** -0.54***
(0.24) (0.34) (0.07) (0.35) (0.14)
Common Currency  1.51*** -0.29 0.51*** 1.95%** 1.23***
(0.35) (0.33) (0.07) (0.412) (0.13)
Constant 149.74 -206.15  -95.03** 837.05*** 497.56***
(139.85) (301.72) (48.19) (286.69) (93.66)
Observations 480 478 2,235 480 3,511
R-squared 0.681 0.623 0.391 0.817 0.064
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Table A 4-1: Estimated factors influencing bilateral poultagler using Hausman-Taylc

individual models, cont.

Egg Cooked Cooked Cooked
Products Turkey Chicken Other
Importer Population  5.90*** -7.80%** -1.66 -9.90***
(1.35) (2.35) (1.13) (1.35)
Importer GDP -4, 19%** -0.18 0.22 -1.65*
(0.73) (1.42) (0.68) (0.84)
Exporter GDP 1.72%** 2.92%** 0.37 -1.39**
(0.44) (0.98) (0.49) (0.65)
Exporter Populatior -9.92*** -8.19** 2.29 2.49
(2.27) (3.35) (1.61) (2.97)
Distance -0.10* 0.22%** -0.84*** 0.21%**
(0.06) (0.07) (0.04) (0.05)
Per Capita 5.74%*** 3.97*** 3.13*** 6.73***
(0.76) (1.16) (0.57) (0.71)
Share 0.68*** 0.40%*** -0.11 -0.18*
(0.14) (0.15) (0.08) (0.10)
END 0.06 -0.14 0.06 -0.06
(0.18) (0.19) (0.09) (0.12)
HPAI 0.15 0.04 -0.14 0.13
(0.12) (0.19) (0.09) (0.12)
Asia -0.85*** - - -
(0.26) - - -
Europe 0.59*** 2.99%** - 1.34**
(0.22) (0.32) - (0.58)
North America 1.46%** - 1.95%** -0.75
(0.23) - (0.15) (0.58)
Middle East - -4 47 4.45%** -
- (1.04) (0.53) -
Out Year Count -0.00 0.00 0.00 -0.00
(0.01) (0.01) (0.01) (0.01)
Contiguous Partner  0.13** 0.91*** -0.03 -0.41%**
(0.06) (0.17) (0.09) (0.10)
Common Currency  0.79*** 1.32%** 1.03*** 0.53***
(0.06) (0.16) (0.08) (0.10)
Constant 88.00** 514.20*** -29.57  242.17***
(41.33) (122.43) (54.09) (66.61)
Observations 3,511 1,922 1,922 1,905
R-squared 0.149 0.159 0.289 0.211

Source: Model Estimations; Standard errors in parenthésep<0.01, ** p<0.05, * p<0.1
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Table A 4-2 Estimated factors influencing bilateral poultry trade using Hamnsiaylor

seemingly unrelated regression

HT-SUR Model Live Prepared
Live Live Cooked Cooked
Chickens  Turkeys Turkey Chicken Cooked Other
Importer Population ~ 10.99** -4.90***  -8.86*** -1.52 -9.80***
(4.29) (1.23) (2.32) (1.12) (1.34)
Importer GDP 0.92 -0.34 -1.78 -0.19 -1.76**
(0.96) (0.28) (1.40) (0.67) (0.83)
Exporter GDP 5.40%*** 0.25 3.02%** 0.55 -1.23*
(1.17) (0.34) (1.03) (0.52) (0.65)
Exporter Population -38.61*** 3.47* -12.29%** 0.98 -1.64
(6.93) (2.06) (3.29) (1.59) (1.95)
Distance 0.71** -0.28*** 0.30*** -0.78*** 0.10*
(0.10) (0.02) (0.07) (0.04) (0.05)
Per Capita 7.84%** 1.12** 6.16*** 3.69*** 7.17%+*
(1.43) (0.46) (1.15) (0.57) (0.70)
Share -0.94x** 0.12 0.32** -0.09 -0.17*
(0.34) (0.12) (0.15) (0.08) (0.10)
END 0.02 -0.09 -0.13 0.07 -0.06
(0.312) (0.10) (0.19) (0.09) (0.112)
HPAI 0.58** -0.04 0.09 -0.11 0.25**
(0.23) (0.08) (0.19) (0.09) (0.12)
Europe 1,330.05*** 61.45  706.55*** 9.66 0.49
(252.06) (55.36) (120.28) (53.86) (0.58)
North America 1,331.18*** 63.76  703.53*** 11.54 -1.51%**
(252.07) (55.36) (120.31) (53.87) (0.58)
Africa 1,327.68*** 62.12 - - -
(252.12) (55.36) - - -
Middle East - - 698.97*** 13.95 -
- - (120.38) (53.99) -
Out Year Count -0.03* 0.01 0.01 0.00 -0.00
(0.02) (0.01) (0.01) (0.01) (0.01)
Contiguous Partners  1.46*** 0.46*** 1.06*** 0.17* -0.60***
(0.38) (0.09) (0.15) (0.08) (0.09)
Common Currency -0.75* -0.91%** 1.98*** 1.00*** 1.13***
(0.39) (0.13) (0.15) (0.08) (0.09)
Constant - - - - 375.02%**
- - - - (65.83)
Observations 1,161 1,161 1,905 1,905 1,905
R-squared 0.177 0.497 0.155 0.267 0.193
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Table A 4-2: Estimated factors influencing bilateral poultagler using Hausman-Taylor
seemingly unrelated regression, cont.

HT-SUR Model Fresh Eggs
Fresh Whole
Wgcr)ll_e Fresh Chicken Fresh  Shell Eggs Egg Products
icken
Parts Turkey
Importer Population 1.55 -0.25 6.19%** 0.57 3.41**
(1.46) (1.55) (1.15) (2.81) (1.34)
Importer GDP 0.72 0.09 0.63 0.65 -3.75%**
(0.46) (0.58) (0.44) (1.47) (0.72)
Exporter GDP -0.52 0.95 -0.44 -6.22%** 1.36%**
(0.61) (0.71) (0.54) (0.83) (0.43)
Exporter Population  -8.99*** -2.29 -4.46%*  -28.75%** -9.30***
(1.91) (2.29) (1.67) (4.47) (2.26)
Distance 0.08*** -0.24%** 0.78*** 0.24* -0.23***
(0.02) (0.04) (0.03) (0.14) (0.06)
Per Capita 3.14%** 3.30*** 1.63*** 10.41%** 6.08***
(0.57) (0.68) (0.48) (1.38) (0.75)
Share 0.58*** 0.97*** 1.16%** 0.37 0.64***
(0.13) (0.15) (0.112) (0.25) (0.14)
END 0.05 0.02 -0.09 0.19 -0.08
(0.12) (0.14) (0.10) (0.33) (0.17)
HPAI -0.31** -0.27* -0.33*** -0.19 0.18
(0.12) (0.14) (0.10) (0.23) (0.12)
Asia - - - 665.35*** -0.70***
- - - (92.99) (0.26)
Europe 248.34*** 4.42%** -52.53  665.31*** 0.55**
(58.66) (0.87) (48.00) (92.98) (0.22)
North America 249 .57*** 7.30%** -51.90 666.43*** 1.52%**
(58.67) (0.87) (48.00) (92.99) (0.23)
Middle East 248.55*** - -59.90 667.27*** -
(58.87) - (47.99) (93.04) -
Out Year Count -0.00 0.01 0.01* 0.03* -0.00
(0.01) (0.01) (0.01) (0.02) (0.01)
Contiguous Partners  -0.21** 0.08 -0.18** -0.22* 0.12**
(0.09) (0.12) (0.07) (0.13) (0.06)
Common Currency 0.80*** 1.25%** 0.51%** 0.73*** 0.74***
(0.08) (0.10) (0.07) (0.13) (0.06)
Constant - 72.67 - - 123.05***
- (69.87) - - (41.00)
Observations 2,235 2,235 2,235 3,511 3,511
R-squared 0.139 0.185 0.390 0.056 0.146




TableA 4-2: Estimated factors influencing bilateral poultry trade using Hausiraylor
seemingly unrelated regression, cont.

HT-SUR Model Frozen
Whole Frozen Whole Frozen
Frozen Chicken Frozen Turkey
Chicken Parts Turkey Parts
Importer Population -5.86 9.26***  -13.65**  33.01***
(4.85) (2.33) (4.98) (4.50)
Importer GDP -1.27 0.98 8.92%** -1.35
(2.19) (1.10) (2.17) (1.96)
Exporter GDP 11.08*** -2.47%* -1.19 6.82%**
(2.37) (1.15) (2.83) (2.32)
Exporter Population -3.47 -10.57** 21.15%*  -46.24***
(10.21) (4.91) (10.73) (9.84)
Distance -2.40%** -0.34%** 0.95%*** 2.12%**
(0.23) (0.09) (0.14) (0.17)
Per Capita 6.48** 0.58 -4.24* -8.51%**
(2.61) (2.30) (2.53) (2.31)
Share 0.94** 1.27%** 0.61 1.16**
(0.47) (0.23) (0.51) (0.48)
END 0.30 0.10 -0.32 -0.24
(0.42) (0.20) (0.42) (0.39)
HPAI -1.14%%* -0.08 0.42 -0.42
(0.40) (0.17) (0.36) (0.34)
Europe -15.39%** -1.84%** 1.96** 13.87***
(1.56) (0.55) (0.85) (1.23)
North America -0.90 3.62%** 5.41%** 14.21%**
(0.95) (0.33) (0.69) (0.69)
Out Year Count 0.06** -0.00 -0.02 0.00
(0.03) (0.01) (0.03) (0.02)
Contiguous Partners -0.32 -0.65*** -0.02 -2.16%**
(0.45) (0.23) (0.34) (0.34)
Common Currency 2.82%** 1.40*** -0.39 1.11%
(0.43) (0.33) (0.32) (0.39)
Constant 222.25 100.16 -336.25 442.41
(302.75) (136.41) (296.02) (280.55)
Observations 478 478 478 478
R-squared 0.556 0.680 0.622 0.814

Source: Model Estimations; Standard errors in parenthésep<0.01, ** p<0.05, * p<0.1
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