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Summary

This study applies a structured analytical framework to assess control strategies for high pathogenicity avian
influenza (HPAI) in the turkey industry of the United States of America. A partial equilibrium model was
developed to simulate market responses to disease control interventions. Economic outcomes of vaccination
were quantified by comparing results from a simulated HPAI outbreak under two scenarios: non-vaccination
and vaccination strategies. Based on the epidemiological outputs generated by the simulations of the United
States Department of Agriculture’s Center for Epidemiology and Animal Health, the vaccination scenario
generated economic outcomes that suggest potential benefits for both producers and consumers. As
international trade restrictions increase, producer losses increase due to lost revenue and reduced supplies,
while consumer gains grow due to diverted trade, which drives domestic price mitigation. This study not only
develops a framework to assess HPAI control strategies but also provides an analysis to inform industry
stakeholders and policy-makers in evaluating effective approaches for managing HPAI in the turkey sector

of the United States of America.
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Introduction

High pathogenicity avian influenza (HPAI) presents a serious risk to the turkey industry of the United States
of America (USA) [1]. The country’s commercial turkey sector raised approximately 200 million birds in 2024
on some 2,500 farms [2], most of which were family owned and operating as contract growers for vertically
coordinated processing companies. Ready-to-cook production exceeded 5 billion pounds, with a farm value
of approximately US$ 3.7 billion [3]. Production is geographically concentrated: Minnesota (33.5 million
birds), North Carolina (27.5 million), Arkansas (25.0 million), Indiana (20.0 million) and Missouri (15.5 million)
together account for the majority of the national output [2]. Consequently, a regionally clustered outbreak
can affect a substantial share of the country’s turkey supply. Processing is moderately concentrated, with
the three largest companies accounting for approximately 42% of live weight slaughtered in 2024 [4].
Approximately 9.5% of production is exported, and Mexico accounts for about 75% of export volume [3].
Therefore, maintaining production stability through effective disease control benefits producers, consumers

and the export markets.

HPAI has emerged as a critical threat to the commercial turkey sector in the country, causing significant
animal health issues, supply chain disruptions and economic losses. Between February 2022 and July 2025,
HPAI affected 174.8 million domestic birds (excluding wild birds), approximately 10% of which were
commercial turkeys [5]. These disruptions have led to consumer price volatility and highlighted vulnerabilities
in the supply chain. In addition, the virus’s ability to adapt to new hosts and spread to mammalian species

has raised concerns about the effectiveness of current control strategies.

Outbreaks of HPAI are managed under the United States Department of Agriculture (USDA) Foreign Animal
Disease Preparedness and Response Plan (FAD PReP) Manual and Foreign Animal Disease Handbook.
These protocols and standards are aligned with the latest scientific understanding of disease transmission
and set by the World Organisation for Animal Health (WOAH). The primary goals are to mitigate disease
spread, promote virus eradication and maintain ongoing surveillance to limit the far-reaching health and

economic consequences of this highly transmissible and evolving disease.

Current response measures include establishing control areas around infected premises, depopulating
flocks to reduce viral spread and maintaining surveillance in the control area until the area is declared free
from HPAI. While these measures have proven effective, such actions impose substantial financial costs [6].
Given HPAI’s virulence and high mortality rates [7], there is a clear need to reassess and refine control

strategies to ensure continuity of disease-free commerce while safeguarding both animal and human health.

This analysis is driven by the need for science-based tools that can both mitigate disease spread and inform
policy decisions that balance animal health protection with market stability. This study evaluates the
economic implications of implementing a HPAI vaccination programme for the USA’s turkey sector. Because
commercial table egg layer, broiler and turkey premises form part of a single spatial transmission network,
all three species are represented in the epidemiological simulation. However, the modelled vaccination
strategy is applied to layer and turkey populations only, since vaccinating layer premises alters the force of
infection to which turkey premises are exposed and depopulated. The economic analysis, however, is

confined to the turkey market of the USA, and no layer-sector economic outcomes are reported.
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The article proceeds in the following manner. First, it presents a modelling framework for the USA’s turkey
sector. Next, it describes the parameters and data used in the modelling efforts. Finally, it presents the

results with a brief discussion. Additional details of the results are presented in the appendices.

Methods

This section provides a brief description of the epidemiological and economic models used. For a
comprehensive description of InterSpread Plus (ISP), see Stevenson et al. [8]. A detailed description of the

partial equilibrium economic model of the turkey sector in the USA is given in Appendix A.

Epidemiological model

The epidemiological simulations underpinning this analysis were developed and executed by the USDA’s
Center for Epidemiology and Animal Health (USDA-CEAH) using ISP, a spatially explicit stochastic
simulation model of disease spread in animal populations [8]. ISP simulates transmission between individual
premises as a function of location, production type, flock size and inter-premises contact and incorporates
detection, control-area establishment and depopulation as modelled response activities. Simulations were
run over the commercial poultry premises population in the USA for 100 iterations per scenario. The present
study takes the resulting depopulation estimates as given and evaluates their economic consequences.
Additional studies that have used ISP to simulate disease outbreaks are provided in the References [9-14].

Economic model

An annual partial equilibrium model (PEM) of the USA’s turkey sector was developed, incorporating
behavioural equations for farm-level operations, processing and retail along with international trade. The
model’s structure is based on the frameworks from Paarlberg et al. [15] and Thompson et al. [16].
Additionally, a multistage value chain is incorporated into the model! and follows the approaches outlined in
Cakir et al. [1], Thompson et al. [16] and Shakil et al. [17].

Data and parameters

Elasticities

Substitution elasticities and cost shares are taken from the literature. Parameters from the literature along
with their values and sources are described in Table |. The methodology and data sources used to estimate

import and export price elasticities are summarised below.

1. Refer to Figure A.1 in Appendix A for the visualisation of the market structure.
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Export (equation 1) and import (equation 2) price elasticities equations are defined as:
X' =a,+ &P +E+v, )
m =a, +e,P'+&+v, 2)

where x', m" and P’ are log-transformed variables of x (exports), m (imports) and P (price). Monthly turkey
imports and exports are collected from the USDA Economic Research Service Livestock and Meat

International Trade database [20].
Epidemiological scenarios

Two scenarios are evaluated. The baseline scenario represents HPAI spreading without vaccination under
current FAD PReP response measures. The vaccination scenario represents a preparedness-based
strategy in which vaccination is administered before outbreak detection rather than in response to it, applied
multiregionally across commercial table egg layer and turkey premises, with 25% of producers participating.
These two scenarios were selected from a wider set of vaccination strategies examined by USDA-CEAH in
which producer participation ranged between 25% and 75%, vaccination was initiated after either 25 or 50
premises tested positive, and perimeter-based strategies applied vaccination within 10 km or 20 km of
detected premises. The pre-outbreak, 25%-participation strategy is presented because it isolates the effect
of vaccination timing under conservative voluntary uptake and achieves the largest reduction in depopulation
of the strategies examined. Consequently, it serves as an upper bound on the market benefits relative to the

trade costs modelled below.

The interface between the epidemiological and economic models is deliberately narrow: the only quantity
passing from the epidemiological simulation to the economic model is the annual number of turkeys
depopulated, converted to a percentage supply shock (Table I1). No other epidemiological output enters the

economic analysis.
Exogenous shocks

Animal disease outbreaks typically lead to both morbidity and mortality in affected populations, leading to
disruptions in production and restrictions on international trade [21]. Additionally, domestic consumers could
reduce consumption of poultry products due to perceived health risks. However, this study assumes no

adverse impact on domestic poultry demand by consumers beyond what is captured through price changes.

The economic analysis reported here is a market-level welfare comparison and does not incorporate the
direct costs of the vaccination programme itself. Vaccine procurement and administration, surveillance
compatible with a differentiating infected from vaccinated animals strategy, indemnity, virus elimination, and
depopulation and disposal are public response costs borne principally by governments under FAD PReP

and are accounted for separately from the producer and consumer surplus measures reported below.
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Exogenous production shocks

Table Il presents the summary statistics from the epidemiological model described above. It reports the
number of turkeys depopulated annually as well as the corresponding supply shocks used in the economic
modelling framework. Results are based on 100 iterations of the ISP model, with the 10th, 50th and 90th

percentiles reported to capture the distribution of outcomes.
Exogenous international trade shocks

Scenario analysis is employed to evaluate the effectiveness of a vaccination control strategy. Recognising
that vaccination could trigger trade restrictions and encounter vaccine hesitancy, the analysis includes a
range of scenarios, from no trade limitations to low, moderate and high trade restrictions, each modelled
with and without the added effects of vaccine hesitancy. This comprehensive approach aims to inform

decision-making that supports both disease control and business continuity.

Foreign demand shocks arise from trade restrictions imposed during an outbreak, reflecting risk-averse
behaviour among trading partners. Padilla et al. [22] analyse historical HPAI outbreak events in the USA and
find that county-level restrictions lead to a 16% reduction in trade, while state-level restrictions result in a
60% reduction. These estimates are used in determining the trade reduction assumptions for this study; 16%
and 64% represent the low and high levels of trade reduction, respectively, for the non-vaccination baseline

scenario.

An intermediate case, referred to as the moderate trade shock scenario, is introduced to provide a holistic
view. Given the uncertainty surrounding trade partners’ responses to vaccination, the estimates from Padilla
et al. [22] are extrapolated to simulate potential trade impacts under both vaccination and non-vaccination
conditions. This accounts for potential vaccinated product trade restrictions, in addition to restrictions based

on disease incidence.

Trade reductions are derived as follows. The low reduction of 16% for the non-vaccination scenario is taken
directly from Padilla et al.’s estimate of the trade effect of county-level restrictions following historical HPAI
outbreaks in the USA [22]. Starting from this value, an evenly spaced set of trade shocks was constructed
to represent progressively more severe importer responses, giving a moderate reduction of 40% and a high
reduction of 64% at equal increments of 24 percentage points. The high value of 64% is closely corroborated
by Padilla et al.’s independent estimate of a 60% reduction under state-level restrictions, providing external
support for the upper end of the range. For the vaccination scenarios, each reduction is increased by ten
percentage points, giving 26%, 50% and 74%. This increment represents importer hesitancy arising from
the inability of current surveillance methods to distinguish vaccinated birds from infected birds. It must be
emphasised that no empirical estimate of this increment exists, because no comparable episode of poultry
vaccination against HPAI in a major exporting country has been observed; the ten-point increment is a
transparent and deliberately uniform sensitivity assumption rather than an estimate, and readers may

substitute their own by interpolating between the reported scenarios.
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Importantly, an effort has been made to incorporate the potential effects of vaccine hesitancy among importer
countries, which may arise from limitations in current HPAI detection methods that may not distinguish

between vaccinated and infected birds. Table |Il summarises the assumed international trade shocks.

Results

Partial equilibrium model

The PEM focuses on determining the market equilibrium for a single market, taking prices in other markets
as exogenous. The equilibrium price is found by equating supply and demand. The model can also be used
for economic welfare analysis, evaluating the effects of production and trade shocks due to disease
outbreaks [23]. For example, PEMs can be used to estimate the changes in turkey prices and quantities
resulting from an HPAI outbreak. Detailed results on prices and quantities can be found in Tables B.1 and

B.2 in Appendix B.

Using the price and quantity changes estimated from the PEM, annual changes in producer and consumer
surpluses are calculated to assess the economic impacts of the vaccination scenario on the turkey market
in the USA. Producer surplus is the difference between what producers are paid and the minimum they
would accept to produce and at the industry level equals total revenue minus total variable costs [24].
Consumer surplus is the difference between what consumers are willing to pay for a product and what they

actually pay. Full statements of both surplus measures are given in Appendix A.
Surplus calculation

Producer and consumer surplus changes are denoted by APS and ACS, respectively, and are calculated
similarly to Alston et al. [25] using the following equations:
APS = qP(1 + 0.5Eq) (EP + ;f) (3)

S

ACS = —qP x EP(1 + 0.5Eq) ()

where q and P are the quantity and price of turkey meat, operator E denotes the percentage change, and ¢

and &, are the supply shift and supply elasticity of turkey meat, respectively.

Table IV represents the baseline data for the calculation of economic surpluses. Domestic demand is
approximated by the disappearance data. Using equations (3) and (4) and the level variable values in

Table IV, producer and consumer surpluses are calculated and reported in Tables B.1 and B.2.

Figure 1 and Figure 2 illustrate the annual changes in producer and consumer surpluses, respectively,

across production and trade scenarios. Markers denote the surplus outcome at the median (50th percentile)
depopulation level, while whiskers span the outcomes at the 10th and 90th percentile depopulation levels,

derived from 100 iterations of the epidemiological model.
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Trade restrictions generally result in a decline in producer surplus across both scenarios, with more stringent
trade restrictions leading to greater losses. While the lower bounds of producer surplus changes remain
relatively similar between the vaccination and non-vaccination scenarios, the non-vaccination scenario
exhibits a higher upper bound, indicating greater variability and risk exposure. In contrast, the vaccination
scenario appears to compress the distribution of outcomes, lowering both the upper and lower bounds, which
suggests a more stable and predictable outcome for producers.

Conversely, trade restrictions generally lead to an increase in consumer surplus, with more stringent trade
restrictions yielding greater consumer gains resulting from lower domestic prices from excess supply that
could not be traded, putting downward pressure on domestic prices. For instance, even under the non-
vaccination scenario, moderate and high trade restrictions shift the entire distribution to positive consumer
surplus. The vaccination scenario emerges as the most effective in enhancing consumer surplus, as it shifts
the entire distribution of consumer surplus — low, moderate and high trade restrictions — to the positive range.

This suggests consistent consumer benefits, regardless of trade restrictions.

Limitations

The percentile bands reported in Tables Il, B.1 and B.2 reflect stochastic variation across 100 iterations of
the epidemiological model under a fixed parameter set; they do not represent uncertainty in the parameters
themselves, and the true range of outcomes is therefore wider than the bands suggest. More broadly, the
economic results reported here are contingent on the epidemiological projections and assumptions
generated within the USDA-CEAH modelling framework, which this study takes as given rather than

independently evaluating or validating.

Conclusions

Under the epidemiological assumptions represented in the USDA-CEAH simulations, vaccination reduced
estimated depopulation across all modelled outbreak intensities. By lowering the number of infected turkey
flocks, it helps stabilise the supply chain and minimise market impacts. The resulting economic simulations
suggest potential benefits for both producers and consumers, although these outcomes depend on the
underlying epidemiological and trade assumptions. Producers face fewer production losses and less
economic uncertainty, while consumers benefit from a more reliable supply of turkey and lower price
volatility. The vaccination scenario modelled in this study reflects a proactive vaccination strategy to reduce
HPAI incidence.

This strategy aligns with broader objectives in animal health, which often include reducing transmission to
human populations, maintaining a safe and reliable food supply, and ensuring a safe and healthy
environment for animal populations. Vaccination not only supports disease control but also contributes to a

more resilient and predictable production environment.

The outcomes of this study are measures of the social benefits and costs of alternative epidemiological
scenarios, which are themselves inputs into public decision-making. A vaccination decision requires a
veterinary authority to weigh a domestic animal-health gain against a potential domestic production loss and

trade loss.
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Linking a disease transmission model to a sectoral economic equilibrium model allows that trade-off to be
quantified before a policy is adopted and expressed in terms of changes in producer and consumer surplus.
Producer participation, vaccine performance and importer response enter as explicit parameters, allowing
the effects of alternative assumptions to be examined through sensitivity analysis and their influence on
model results quantified. For Veterinary Services that must justify vaccination policy to producers, trading
partners and the public, this transparency is as valuable as the estimates themselves.

The framework is modular, and its two components have different data requirements. The epidemiological
component can be parameterised for any spatially referenced premises population for which location, size
and production-type data exist, and it has been applied to a range of diseases and countries [9-14]. The
economic component requires sector-level supply and demand elasticities, cost shares and baseline
quantities and prices, data that are available in most countries with an established statistical service.
Transfer to other poultry sectors, and to other livestock sectors with comparable vertical structure, is
therefore feasible without structural change to the economic model [16-17]. The model outcomes, however,
are not necessarily transferable and are particularly sensitive to the export dependence of a region or
country. The USA’s turkey sector exports approximately 9.5% of production; in a country exporting 40-50%
of output, the producer losses associated with vaccine-related trade restrictions would be substantially larger
relative to the domestic disease-control gain, and the balance of the vaccination decision could reverse. The
framework is best understood as a method for structuring that calculation in a given national context rather

than as a source of transferable conclusions.

These findings are relevant to broader international discussions on HPAI vaccination and trade. As countries
increasingly consider vaccination as a complement to traditional control measures, the debate has shifted
from whether vaccination can reduce disease impacts to how vaccinated populations can be incorporated
into risk-based trade systems. This shift is reflected in recent policy developments: WOAH’s recognition of
vaccination as a complementary control tool that need not compromise a country’s disease-free status [27],
the formation of an international working group convened by the Netherlands with Canada, the European
Commission, France, the United Kingdom and the USA [27], and the approval of a vaccination programme
for commercial poultry in France [28]. By linking disease-control outcomes with the economic consequences
of alternative trade responses, the framework presented here provides a quantitative basis for evaluating
vaccination within the context of international standards and market-access considerations. This perspective
may assist countries’ animal health officials and policy-makers in assessing vaccination strategies under
evolving global approaches to HPAI risk management.
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Résumé

Cette étude applique un cadre analytique structuré a I'évaluation des stratégies de controle de l'influenza
aviaire de haute pathogénicité (IAHP) dans le secteur de la dinde aux Etats-Unis d’Amérique. Un modéle
d’équilibre partiel a été mis au point pour simuler les réactions du marché aux mesures de lutte contre la
maladie. Les retombées économiques de la vaccination ont été quantifiées en simulant un foyer d’'lAHP et
en comparant les résultats suivants deux scénarios : absence de vaccination et recours a la vaccination. En
se fondant sur les données épidémiologiques issues des simulations réalisées par le Centre d’épidémiologie
et de santé animale du Département d’agriculture des Etats-Unis (USDA), les retombées économiques
associées au scénario avec vaccination semblent comporter des bénéfices potentiels tant pour les
producteurs que pour les consommateurs. A mesure que les restrictions commerciales internationales
s’intensifient, les producteurs voient leurs pertes s’accroitre en raison de la baisse de leurs revenus et d'une
contraction des approvisionnements, tandis que les consommateurs tirent bénéfice de la redirection des flux
commerciaux, qui contribue a contenir la hausse des prix sur le marché intérieur. En plus d’élaborer un
cadre d’évaluation des stratégies de lutte contre I'lAHP, cette étude propose également aux acteurs du
secteur et aux décideurs politiques une analyse éclairante sur I'évaluation de I'efficacité des méthodes de

gestion de I'lAHP dans la filiére dinde aux Etats-Unis d’Amérique.
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alta patogenicidad en el mercado del pavo de Estados Unidos de
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Resumen

Este estudio aplica un marco analitico estructurado para evaluar las estrategias de control de la influenza
aviar de alta patogenicidad (IAAP) en la industria del pavo de Estados Unidos de América. Se elaboré un
modelo de equilibrio parcial para simular las respuestas del mercado ante las intervenciones de control de
la enfermedad. Los resultados econdmicos de la vacunacion se cuantificaron comparando los resultados
de un brote simulado de IAAP en dos escenarios: estrategias sin vacunacion y con vacunacion. A partir de
los datos epidemioldgicos generados por las simulaciones del Centro de Epidemiologia y Sanidad Animal
del Departamento de Agricultura de Estados Unidos (USDA), el escenario de vacunacion arrojo resultados
economicos que sugieren posibles beneficios tanto para los productores como para los consumidores. Con
el aumento de las restricciones aplicadas al comercio internacional, se incrementan las pérdidas de los
productores debido a la pérdida de ingresos y a la reduccién de la oferta, mientras que aumentan los
beneficios para los consumidores gracias a la desviacion del comercio, lo que contribuye a moderar los
precios internos. Ademas de elaborar un marco para evaluar las estrategias de control de la IAAP, este
estudio también ofrece un analisis para orientar a los actores de la industria y a los responsables politicos
cuando se trata de evaluar enfoques eficaces para el manejo de la IAAP en el sector del pavo de Estados

Unidos de América.
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Table |

Summary of parameters used in the economic model analysis and their
sources

Parameters Descriptions Sources Values
6, Cost share of labour in meat production [18] 13.10%
0, Cost share of turkey in meat production [18] 65.80%
0, Cost share of capital in meat production [18] 21.10%
& Price elasticity of turkey supply [15] 0.15
. Sub_stitution elasticity between turkey and [1] 0.11

' capital
. Sub_stitution elasticity between labour and [1] 0.11

i capital
& Price elasticity of ending stock Authors’ estimation -0.40
. Price elasticity of domestic demand for [19] -0.937

turkey

Em Price elasticity of import for turkey Authors’ estimation 1.28
&y Price elasticity of export for turkey Authors’ estimation -0.13
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Table Il

Summary statistics of epidemiological output (number of turkeys
depopulated) and exogenous production changes (percentages) used in
the turkey economic model for the United States of America

10th percentile 50th percentile 90th percentile
Scenarios
1,000 head % change 1,000 head % change 1,000 head % change
Non-
vaccination 476 0.465 1,629 1.590 3,630 3.543
Vaccination? 417 0.407 1,038 1.013 2,423 2.365

2Pre-outbreak preparedness multiregional vaccination for high pathogenicity avian influenza in commercial layers and
turkeys, assuming 25% producer participation
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Table Il

Exogenous trade reductions (percentages) used in the turkey economic
model for the United States of America

Non-vaccination Vaccination?
Trade reduction
% change
None 0 0
Low 16 26
Moderate 40 50
High 64 74

2Pre-outbreak preparedness multiregional vaccination for high pathogenicity avian influenza in commercial layers and
turkeys, assuming 25% producer participation
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Table IV

Variable definitions and summary of data used in turkey model for the
United States of America, 2023

Notation Description Unit Value
q Quantity of meat produced? Million pounds 5,457
I Beginning stock of meat? Million pounds 190
m Import quantity of meat? Million pounds 35

X Export quantity of meat? Million pounds 490

d Domestic demand of meat? Million pounds 4,949
1 Ending stock of meat? Million pounds 243
P, Farm price of turkey® US$/pound 0.94
P Retail price of turkey® US$/pound 1.5

@ United States Department of Agriculture World Agricultural Supply and Demand Estimates [3]
P United States Department of Agriculture National Agricultural Statistics Service [2]
¢ Livestock Marketing Information Center [26]
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Figure 1

Annual change in turkey producer surplus in the United States of America
across vaccination decisions and trade restrictions
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Note: Markers denote the surplus outcome at the median (50th percentile) depopulation level; whiskers span the
outcomes at the 10th and 90th percentile depopulation levels, derived from 100 iterations of the epidemiological model.

None — represents no change in turkey exports
Low — represents a 16% decline in turkey exports from the United States of America (USA) due to importer restrictions
and vaccine trade hesitancy
Moderate — represents a 40% decline in turkey exports from the USA due to importer restrictions and vaccine trade

hesitancy

High — represents a 64% decline in turkey exports from the USA due to importer restrictions and vaccine trade hesitancy
Pre-outbreak vaccination — refers to multiregional vaccination for high pathogenicity avian influenza in commercial
layers and turkeys, assuming 25% producer participation
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Figure 2

Annual change in turkey consumer surplus in the United States of America
across vaccination decisions and trade restrictions

Turkey consumer surplus: median with 10th—90th percentile range
(100 ISP iterations)
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Note: Markers denote the surplus outcome at the median (50th percentile) depopulation level; whiskers span the
outcomes at the 10th and 90th percentile depopulation levels, derived from 100 iterations of the epidemiological model.

None — represents no change in turkey exports

Low — represents a 16% decline in turkey exports from the United States of America (USA) due to importer restrictions
and vaccine trade hesitancy

Moderate — represents a 40% decline in turkey exports from the USA due to importer restrictions and vaccine trade
hesitancy

High — represents a 64% decline in turkey exports from the USA due to importer restrictions and vaccine trade hesitancy
Pre-outbreak vaccination — refers to multiregional vaccination for high pathogenicity avian influenza in commercial
layers and turkeys, assuming 25% producer participation

« Back to text

Scientific and Technical Review | 45 2026 | 19/19



	The role of vaccination in managing high pathogenicity avian influenza in the turkey market of the United States of America
	Keywords
	Summary
	Introduction
	Methods
	Epidemiological model
	Economic model
	Data and parameters
	Elasticities
	Epidemiological scenarios
	Exogenous shocks
	Exogenous production shocks
	Exogenous international trade shocks


	Results
	Partial equilibrium model


	Limitations
	Conclusions
	Acknowledgements

	Le rôle de la vaccination dans la gestion de l’influenza aviaire de haute pathogénicité dans la filière dinde aux États-Unis d’Amérique
	Mots-clés
	Résumé
	El papel de la vacunación en el manejo de la influenza aviar de alta patogenicidad en el mercado del pavo de Estados Unidos de América
	Palabras clave
	Resumen
	References
	Table I
	Summary of parameters used in the economic model analysis and their sources

	Table II
	Summary statistics of epidemiological output (number of turkeys depopulated) and exogenous production changes (percentages) used in the turkey economic model for the United States of America

	Table III
	Exogenous trade reductions (percentages) used in the turkey economic model for the United States of America

	Table IV
	Variable definitions and summary of data used in turkey model for the United States of America, 2023

	Figure 1
	Annual change in turkey producer surplus in the United States of America across vaccination decisions and trade restrictions

	Figure 2
	Annual change in turkey consumer surplus in the United States of America across vaccination decisions and trade restrictions




  x ′ =     𝛼  x + 𝜀  x P ′ + 𝜉 +   𝜈  x


  m ′ =     𝛼  m + 𝜀  m P ′ + 𝜉 +   𝜈  m


  x ′


  m ′


  P ′


  Δ P S


  Δ C S


  Δ P S = q P  ( 1 + 0 . 5 E q )  ( E P +   𝜙    𝜀  s )


  Δ C S = − q P × E P ( 1 + 0 . 5 E q )


  q


  P


  E


  𝜙


    𝜀  s


    𝜃  l


    𝜃  s


    𝜃  k


    𝜀  s


    𝜎  s ; k


    𝜎  l ; k


    𝜀  I


  𝜀


    𝜀  m


    𝜀  x


    I 0


  m


  x


  d


  I


   P s


  P

