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Introduction: African swine fever (ASF) poses a major threat to the U.S. pork 
sector, with potentially large spillovers through domestic markets and international 
trade. To inform preparedness and policy design, we quantify the economy-wide 
consequences of a hypothetical ASF outbreak under alternative scenarios of 
production losses and export restrictions.
Methods: We use a computable general equilibrium (CGE) model to simulate four 
hypothetical ASF scenarios that vary by outbreak size and export restrictions. The 
model endogenously captures adjustments in production, prices, bilateral trade 
flows, and welfare, and we assess robustness using systematic sensitivity analysis.
Results: Small outbreak scenarios generate limited sectoral disruption and no 
substantial GDP effects, with U.S. welfare losses of $310–$563 million. Large 
outbreak scenarios reduce U.S. hog production by 7.34%–8.57% and pork 
production by 7.25%–10.8%, increase U.S. hog producer prices by 41.6%–41.8% 
and pork prices by 6.5%, and reduce U.S. GDP by 0.05%. Corresponding U.S. 
welfare losses rise to $10.9–$11.4 billion. Globally, large outbreaks increase 
world hog and pork prices by 3.67%–3.69% and 1.20%–1.22%, respectively, and 
drive trade diversion toward alternative exporters.
Discussion: The results indicate that the economic costs of ASF increase substantially 
with outbreak size and are shaped by the severity of trade restrictions. Investments 
that prevent escalation (early detection, rapid containment) and strategies that 
preserve market access (credible regionalization/zoning arrangements) can 
substantially reduce welfare losses and global market disruption.
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1 Introduction

African swine fever (ASF) is a highly infectious viral hemorrhagic disease that affects pigs 
and wild boars, resulting in relatively high mortality rates. The virus transmission occurs 
through direct animal contact, contaminated fomites, and biological vectors (1). ASF outbreaks 
trigger immediate biosecurity measures, as mandated by international animal health protocols, 
and trade restrictions (2, 3). These disruptions cascade through global agricultural markets, 
causing substantial economic losses for hog producers, related industries, and trade partners. 
The disease’s persistence in the environment and lack of effective vaccines make containment 
particularly challenging, requiring aggressive control measures that further impact agricultural 
trade and food security (4–6).
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The global spread of ASF has heightened concerns among major 
pork-exporting nations regarding its potential impact on international 
trade and market stability. The 2018–2019 ASF outbreak in China, 
which led to the culling of 1.2 million hogs and economic losses 
exceeding $200 billion, highlights the devastating consequences of the 
disease (7). Following China’s outbreak, ASF expanded through 
Southeast Asia and subsequently emerged in European territories. 
After a four-decade absence in the Americas, ASF reappeared in 2021 
with confirmed cases in the Dominican Republic and Haiti (4, 8). This 
reemergence in the Caribbean region has raised significant biosecurity 
concerns among neighboring countries, particularly given the disease’s 
potential for rapid transboundary spread and its severe economic 
implications for the Americas’ substantial pork industry. The 
proximity of these outbreaks to major pork-producing regions, such 
as the United States (U.S.), Canada, and Brazil, has intensified 
surveillance efforts and biosecurity protocols throughout the 
Americas (5, 9, 10).

In response to the ASF outbreak in the Dominican Republic, the 
U.S. Department of Agriculture (USDA) established a protection zone 
in Puerto Rico and the U.S. Virgin Islands, suspending all movements 
of swine and swine products from these territories to the U.S. mainland 
(11). The U.S. has maintained heightened ASF vigilance due to its 
potential negative economic implications at both territorial and 
mainland levels. An ASF outbreak in Puerto Rico or the U.S. Virgin 
Islands would trigger international trade restrictions affecting the 
entire nation, regardless of mainland disease status. As the world’s 
third-largest pork producer after China and the European Union, and 
second-largest pork exporter, the U.S. faces substantial economic risk 
from potential ASF introduction. The disease could severely disrupt 
domestic production capacity and compromise the nation’s 
competitive position in global pork markets, resulting in long-term 
loss of market share and extensive economic damage to the 
U.S. agricultural sector (12–15).

Although existing studies explore ASF’s economic impacts, 
significant gaps remain. For example, Carriquiry et al. (12) examine 
the impacts of a hypothetical ASF outbreak in the U.S. using partial 
equilibrium and input–output models, highlighting severe long-term 
economic disruptions under prolonged export bans, without 
accounting for potential changes in bilateral trade. Earlier work by 
Rendleman and Spinelli (16) demonstrated the economic benefits of 
ASF prevention programs in the U.S., but their findings may not apply 
to recent events due to changes in U.S. pork production and global 
markets in the past two decades. Furthermore, recent studies for the 
U.S. by Lee et al. (17) and Kashyap, Suter, and McKee (18) focus 
primarily on consumer impacts, not accounting for broader economy-
wide effects.

There is also a notable gap in the literature regarding the use of 
computable general equilibrium (CGE) models to evaluate the 
economic impacts of ASF in the U.S. Existing CGE-based analyses of 
ASF focus almost exclusively on outbreaks in China. For instance, 
Ahmed (19) examines the economic impacts of ASF in China and its 
ripple effects on global agricultural markets, using the GTAP-AGR 
CGE model. Similarly, Mason-D’Croz et al. (20) explore the global 
economic consequences of a major ASF outbreak in China, combining 
the IMPACT partial equilibrium model and the GLOBE CGE model 
and offer insights into the resilience and vulnerabilities of the global 
food system during severe production shocks. While these studies 
provide important insights into international transmission channels 

and global adjustment mechanisms, their findings are not applicable 
to the U.S. To our knowledge, no existing study has employed CGE 
models to assess the economic impacts of a hypothetical ASF outbreak 
in the U.S., despite the country’s central role in global pork markets 
and the potentially large macroeconomic and welfare consequence of 
such an event.

This study examines the economic implications of a hypothetical 
ASF outbreak in the U.S., focusing on the effects on domestic and 
global pork markets. Using a CGE framework, we assess potential 
changes in production output, prices, trade flows, and welfare. By 
quantifying these economy-wide impacts, this research provides 
critical insights for policymakers and stakeholders to inform disease 
prevention and response strategies. Our study addresses research gaps 
by leveraging the Global Trade Analysis Project (GTAP) CGE model 
to provide a robust framework for analyzing ASF’s potential economic 
impacts on domestic and global markets. By integrating production 
and bilateral trade data, the research not only investigates ASF-specific 
challenges but also contributes a robust tool for evaluating the 
economic consequences of other highly infectious animal diseases.

2 Materials and methods

The GTAP model is a multi-region, multi-sector CGE model that 
captures complex economic relationships across different sectors and 
regions of the global economy (21). The GTAP modeling framework 
represents the world economy through detailed national-level 
economic data, bilateral trade flows, and a multitude of behavioral 
parameters that determine how different agents (households, firms, 
and governments) respond to changes in prices and market conditions. 
The GTAP model incorporates key economic behaviors including 
consumer demand patterns, firm production decisions, and 
international trade relationships, while ensuring market clearing 
conditions and macroeconomic consistency (22). This framework 
connects countries and regions via trade relationships, capturing the 
cross-border effects of policy changes, production shocks, or market 
disruptions.

While partial equilibrium (PE) models focus on specific markets 
or sectors, CGE models such as GTAP provide a broader, economy-
wide perspective and intersectoral linkages. For instance, when 
analyzing agricultural shocks, GTAP can capture not only the direct 
effects on producers and meat processors but also the indirect impacts 
on other agricultural sectors and even seemingly unrelated industries 
that might be affected through factor market competition or income 
effects. In addition, the GTAP model incorporates bilateral trade 
flows, which allows for the explicit modeling of trade linkages between 
regions. This feature captures the interplay of regional supply and 
demand structures with international trade dynamics, enabling the 
analysis of how changes in one region’s policies or shocks affect global 
trade patterns and other regions’ economies. By including these 
bilateral trade relationships, this framework provides a broad view of 
the global economy, accounting for substitution effects and trade 
diversion (23).

The GTAP model is particularly well-suited for evaluating the 
economic impacts of ASF in the U.S. for several reasons. First, the 
model’s detailed representation of agricultural sectors and livestock 
supply chains allows it to capture production losses associated with an 
ASF outbreak. Second, GTAP’s global trade linkages can accurately 
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represent how trade restrictions and market access changes following 
an ASF outbreak would affect both U.S. exports and the reallocation 
of global pork trade flows. Third, the model’s general equilibrium 
structure allows for important adjustment mechanisms such as 
macroeconomic implications for economies heavily dependent on 
pork production, including welfare measured by equivalent variation. 
Equivalent variation provides a way to measure how much money 
agents in an economy would need to maintain their original level of 
satisfaction (or welfare) after a change. These features make GTAP an 
important tool for providing policymakers with a comprehensive 
assessment of the potential economic consequences of an ASF 
outbreak, while helping identify vulnerable sectors and regions that 
might require targeted support measures (23).

The GTAP framework is a widely used tool for evaluating the 
economic impacts of animal diseases on global livestock and meat 
markets. Boisvert et al. (24) applied GTAP to analyze the economic 
repercussions of a hypothetical foot-and-mouth disease (FMD) 
outbreak in the U.S., highlighting its effects on production, trade, and 
regional economies. Similarly, Countryman and Hagerman (25) and 
de Menezes et al. (26) employed the framework to assess the economic 
impacts of FMD in Latin America and Brazil, respectively, 
emphasizing trade restrictions and welfare changes. De Menezes et al. 
(27) extended this work to explore the consequences of bovine 
spongiform encephalopathy (BSE) in Brazil, using GTAP to capture 
trade and welfare effects. Additionally, Countryman et al. (28) applied 
the GTAP model to evaluate the economy-wide effects of livestock 
disease mitigation in Ethiopia, demonstrating the framework’s 
versatility in capturing both direct and indirect impacts across sectors. 
These studies underscore the GTAP model’s capability to provide 
macroeconomic insights into the economic effects of livestock 
diseases, making it a valuable approach for analyzing the potential 
effects of ASF in the U.S.

Version 11 of the GTAP database includes 160 countries and 
regions and 65 sectors, using 2017 as the reference year (29). Due to 
the extensive nature of the dataset, the reference year lags behind the 
most recent years, as the collection and reconciliation of data inputs 
required to build the database demand substantial time and resources. 
We update the database to 2022 with macroeconomic projections for 
population and gross domestic product (GDP), consistent with 
standard practices in the literature (30, 31). Additionally, we 
disaggregate the “other animals” sector into “hogs” and “other 
animals” and split the “other animal products” sector into “pork” and 
“other animal products.” These modifications result in a database with 
67 sectors, allowing for more targeted analysis of the pork industry for 
this analysis.

To enhance computational efficiency and address the practical 
limitations of analyzing 160 individual countries and regions, we 
aggregate them into 11 broader regions focusing on the key players in 
the global pork market as follows: the U.S.; Canada; Mexico; Brazil; 
China and Hong Kong; Rest of Asia and Oceania; South and Southeast 
Asia; Central and South America; Europe; Middle East and North 
Africa; and Central and Southern Africa. Similarly, we condense the 
67 GTAP database sectors into nine aggregated categories: hogs, pork 
products, feed, other livestock and meat, other crops, processed food, 
mining and extraction, manufacturing, and services. This aggregation 
balances computational feasibility with the level of detail necessary to 
capture the key economic interactions and trade flows related to the 
impacts of ASF.

In summary, the current study’s approach underscores the 
flexibility and robustness of the GTAP model as a tool for economic 
assessment of animal disease effects. Our analysis offers nuanced 
insights into the global pork market and welfare by accounting for the 
distinctive roles and interactions of key market participants while 
evaluating the impacts of supply shifts and trade reallocations. By 
situating the analysis within the broader context of international trade, 
this research emphasizes the interconnected nature of global markets 
and the importance of coordinated responses to animal disease-
related disruptions.

2.1 U.S. ASF outbreak and trade policy 
scenarios

Two hypothetical ASF outbreak scenarios are examined, a small 
outbreak and a large outbreak. Each outbreak scenario is combined 
with two corresponding trade policy restrictions that limit 
U.S. exports, resulting in four scenarios for economic evaluation. The 
four scenarios assess potential ASF-related production shocks 
resulting from swine death and culling and export restrictions 
due to ASF.

First, we consider the potential impacts of a small outbreak on 
production, corresponding to early detection and rapid containment, 
in which infection is identified quickly and control measures prevent 
widespread transmission beyond a localized area. In this scenario, we 
impose a 0.044% decrease in U.S. hog production, intended to reflect 
the potential impact of localized biosecurity measures or minor 
disruptions triggered by ASF. Although modest in percentage terms, 
a 0.044% reduction in the U.S. hog herd corresponds to approximately 
33,100 animals, based on the 2023 national inventory. This magnitude 
is consistent epidemiological simulation evidence for early-stage ASF 
events in the U.S. For example, Sykes et al. (32) simulate ASF 
incursions under alternative surveillance and control regimes using 
data from three major firms that produce hogs in the U.S., and report 
median numbers of eliminated animals ranging from 8,800 to 27,177 
head across four containment scenarios. Only in their most stringent 
control scenario does the median number of eliminated animals 
exceed 33,000 head (50,208 animals).

Literature on ASF outbreaks emphasizes that even low-intensity 
outbreaks or heightened surveillance protocols can result in marginal 
production declines due to precautionary culling, movement 
restrictions, or temporary inefficiencies in production processes (1, 2, 
5). For instance, Juszkiewicz et al. (1) and USDA (5) highlight how 
localized ASF prevention zones can require precautionary measures 
such as targeted culling or the suspension of swine movements, which, 
while effective in disease containment, may marginally affect overall 
production levels. Similarly, studies of livestock disease impacts, such 
as Frezal, Gay, and Nenert (33) and Mason-D’Croz et al. (20), provide 
evidence that even small-scale disruptions can lead to measurable but 
minor adjustments in production.

This small production decrease also mirrors findings from 
broader studies on livestock disease mitigation. For example, 
Carriquiry et al. (12) demonstrate that heightened ASF-related 
precautions, even without widespread outbreaks, can cause minor 
production adjustments due to increased biosecurity protocols and 
market sensitivity. Additionally, studies on FMD (24, 25) underscore 
how localized containment measures can trigger slight yet significant 
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declines in production The small production shock used here 
therefore lies within the range of early-detection containment 
outcomes reported in the literature, and reflects a plausible situation 
in which rapid response successfully limits disease spread but 
nonetheless generates nontrivial economic disruption. Importantly, 
this scenario is not intended to represent a widespread epidemic, but 
rather a localized ASF event with effective containment, serving as a 
lower-bound benchmark.

In the small ASF outbreak scenario, we consider two levels of 
trade restrictions: a 20% decrease (SO1) and a 40% decrease (SO2) in 
U.S. hog and pork exports (Table 1). This scenario is based on ASF’s 
classification as a notifiable disease under WOAH. As a result, the 
U.S. faces a significant risk of reduced exports due to two primary 
factors: adherence to WOAH’s guidelines, which often require 
temporary trade suspensions, and the likely imposition of unilateral 
trade restrictions by importing nations seeking to protect their 
domestic pork industries from potential disease risks. Historical 
evidence highlights the likelihood of swift and severe trade restrictions 
following ASF detection. For instance, in 2023, Armenia, Australia, 
Japan, the Philippines, Taiwan, and Ukraine completely halted pork 
imports from Sweden after ASF was detected in wild boars (34–36). 
These actions reflect the precautionary measures taken by importing 
countries, even when outbreaks are localized and confined to 
non-commercial populations. Such responses are not uncommon, as 
the fear of ASF spreading through imported pork products often 
prompts trading partners to impose embargoes, regardless of the 
exporting country’s ability to regionalize or mitigate the outbreak (27, 
37, 38).

Despite the historical precedent of trade restrictions, the 
U.S. position as one of the world’s largest pork suppliers could 
influence the scale and duration of these trade disruptions. Importing 
countries may weigh the economic and supply chain consequences of 
restricting U.S. pork, particularly given the global reliance on 
U.S. exports. In this context, the potential for regionalization, where 
trade is allowed to continue from unaffected, disease-free areas, could 
significantly limit the overall export losses. Studies have demonstrated 
that regionalization agreements can help mitigate the impacts of 
animal disease outbreaks, especially when containment measures are 
promptly implemented, and affected areas are clearly demarcated 
(39–41).

Given that the hypothetical small ASF outbreak in this analysis 
is assumed to be localized and contained, it is plausible to consider 
scenarios with relatively moderate export losses. The 20% decrease 
represents a case where regionalization is largely successful, 
allowing the unaffected regions of the U.S. to maintain trade. On 
the other hand, the 40% reduction reflects a more cautious scenario 
where some importing countries either delay recognizing 
regionalization agreements or impose stricter restrictions as a 
precautionary measure. These assumptions also account for the 

possibility of short-lived trade restrictions, as importing nations 
may resume trade relatively quickly if the U.S. demonstrates 
effective disease control and eradication measures. Regionalization 
has been successfully implemented in previous disease outbreaks. 
For example, during the 2014–2015 high pathogenic avian influenza 
(HPAI) outbreak, the U.S. established state- and county-level 
regionalization agreements. More recently, the U.S. has similar 
agreements with several trade partners, including South Korea, the 
Philippines, Qatar, and the United Kingdom [(42–44); USDA-FAS, 
(45, 46)]. Other examples include regionalization agreements for 
HPAI between China and France, as well as between the Philippines 
and the United Kingdom (47, 48).

To develop a plausible hypothetical scenario for a large ASF 
outbreak in the U.S., we drew on insights from the 2018–2019 ASF 
outbreak in China, one of the most severe outbreaks in history (7, 49, 
50). The Chinese outbreak caused unprecedented losses in the swine 
industry, providing valuable data to inform potential production 
impacts in other major pork-producing countries. Using the reported 
swine loss data from You et al. (7), we estimated the potential 
reduction in U.S. hog and pork production over one year if a similar 
outbreak were to occur domestically. Our calculations indicate a 
7.33% decline in U.S. hog and pork production within one year, 
corresponding to the elimination of approximately 5.5 million hogs. 
This level of production shock aligns closely with previous simulation 
studies, such as Paarlberg et al. (51), which estimated an 8.3% decline 
in the U.S. hog herd following a hypothetical Classical Swine Fever 
(CSF) outbreak.

For the large outbreak scenario, we modeled two levels of export 
losses to capture the potential range of trade impacts. The first scenario 
(LO1) assumes a 40% reduction in U.S. hog and pork exports, allowing 
for direct comparisons with the small outbreak scenario (SO2) where 
similar export shocks were considered (Table 1). The second scenario 
(LO2) assumes an 80% export reduction, reflecting the anticipated 
stronger policy responses and trade restrictions that would likely 
accompany a large-scale ASF outbreak in the U.S. This higher export 
loss scenario is based on the likelihood that importing nations would 
impose stricter and more prolonged trade bans to safeguard their 
domestic swine industries, particularly given the precedent set by 
China’s ASF outbreak, where trade disruptions were extensive and 
long-lasting (13, 52–54).

The assumptions in our study regarding partial trade bans due to 
a hypothetical ASF outbreak in the U.S. align more closely with recent 
international trade practices, which emphasize regionalization and 
targeted restrictions, unlike assumptions of long-lasting, complete 
trade bans [e.g., (12)]. Countries have increasingly adopted nuanced 
trade policies in response to ASF outbreaks, reflecting the need to 
balance biosecurity with market stability. For instance, during ASF 
outbreaks in Europe, importing countries targeted restrictions to 
affected regions rather than imposing blanket bans, minimizing 
disruptions to global pork supply chains (55, 56). Furthermore, the 
economic significance of U.S. pork exports, which accounted for 
nearly 16.2% of global exports in 2023 (57), would incentivize trade 
partners to limit the scope and duration of trade restrictions.

In the GTAP model, we introduce shocks to the technological 
parameters associated with U.S. hog and pork production and 
exports to capture both the direct impacts of the simulated 
scenarios and the economy-wide adjustments that arise from these 
changes. The GTAP model’s nested production structure, which is 

TABLE 1  Shocks to U.S. hog and pork production and exports.

Sector Small ASF outbreak Large ASF outbreak

SO1 SO2 LO1 LO2

Production −0.044% −0.044% −7.33% −7.33%

Exports −20% −40% −40% −80%

Source: Authors’ design.

https://doi.org/10.3389/fvets.2026.1752899
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


de Menezes et al.� 10.3389/fvets.2026.1752899

Frontiers in Veterinary Science 05 frontiersin.org

illustrated in Supplementary Figure A.1, provides a detailed 
framework for modeling these adjustments. Specifically, we apply 
shocks to the output-augmenting technical change parameter for 
sector 𝑗 in region 𝑟 ( ,j raoall ), representing the production 
decreases for each scenario. These shocks simulate the reduction 
in production efficiency or output levels due to the hypothetical 
ASF outbreak, ensuring that the model reflects the supply-side 
impacts on the U.S. hog and pork industries, while leaving output 
and factor demands endogenous so the model can reallocate 
resources and adjust prices in response. In the standard GTAP 
model, the sector-region-specific rate of output-augmenting 
technical change, ,j rao , is the sum of a global sector component, a 
regional component, and the residual sector-region component 
we shock:

	 = + +, ,j r j r j rao aosec aoreg aoall 	 (1)

where ,j rao  is the average rate of output augmenting technical 
change for sector j  in region r ; jaosec  captures worldwide technical 
change specific to sector j ; raoreg  represents region-wide technical 
change affecting all sectors in region r ; and ,j raoall  captures the 
sector-region-specific residual component. By construction, an 
exogenous shock to ,j raoall  maps into ,j rao  and therefore affects 
production decisions throughout the top nest of the model’s 
production structure.

These shocks affect the model by changing firms’ demand for the 
bundle of core production inputs (labor, capital, and land), which are 
summarized as the “primary factor composite” (also called “value 
added,” meaning the part of output created by these basic inputs rather 
than by purchased intermediate goods). In the GTAP value-added 
demand equation, a decrease in ,j rao  reduces productivity and shifts 
the derived demand for the primary factor composite, conditional on 
output and relative prices:

	

− 
= − + − − × − − 

, ,
, , , ,

, ,

j r j r
j r j r j r j r j

j r j r

pva ava
qva ava qo ao ESUBT ps ao

	 (2)

In Equation 2, ,j rqva  is the demand for primary factor composite 
in sector j , region r ; ,j rava  is value-added augmenting technical 
change; ,j rqo  is sectoral output, jESUBT  represents the elasticity of 
substitution of intermediate inputs in production; ,j rpva  is the firms’ 
price of value added; and ,j rps  is the supply price. Equations 1 and 2 
show how the ASF production shock, implemented as a negative 
shock to ,j raoall , propagates through firms’ input demand and the 
broader equilibrium system.

Additionally, we represent ASF-related trade disruptions by 
shocking the import-augmenting technical change parameter ( , ,i r sams
) for hogs and pork (i) from the U.S. (r ) into each destination region 
(s) in the model. In GTAP, bilateral trade flows are determined by the 
Armington structure, which treats goods as differentiated by origin. 
Within this framework, , ,i r sams  acts as a bilateral trade shifter: a 
negative shock to , ,i r sams  makes imports of product i from origin r  
effectively more “costly” (or less accessible) in destination s, capturing 
reduced market access due to sanitary restrictions, border measures, 
and related frictions. We calibrate the magnitude of these shocks so 
that they correspond to the scenario-specific percentage reductions in 
U.S. exports.

Under the Armington import-demand system, export sales of 
commodity i from region r  to region s, , ,i r sqxs , are linked to destination 
import demand and relative prices as follows:

	

− 
= − + − × − 

, , , ,
, , , , ,

,
i r s i r s

i r s i r s i s i
i s

pms ams
qxs ams qim ESUBM pim

	 (3)

where: , ,i r sqxs  denotes exports of commodity i from region r  to 
region s; , ,i r sams  represents the import-augmenting technical change 
of i from r  into s; ,i sqim  is aggregate imports of i in region s at market 
prices; iESUBM  is a region-generic elasticity of substitution among 
imports of commodity i in the Armington structure; , ,i r spms  is the 
domestic price for good i supplied from region r  to region s; and ,i spim  
is market price of composite import i in region r .

By incorporating these export shocks, the model reflects both the 
immediate trade restrictions imposed by importing countries and the 
potential ripple effects on global pork markets. We keep production 
and export quantities as endogenous variables in the model, allowing 
them to adjust simultaneously in response to the exogenous shocks we 
simulate for production and trade. This approach ensures that the 
model captures additional adjustments arising from changes in factor 
use, intermediate inputs, and international trade flows, thereby 
providing a broad representation of the potential economic impacts 
of the ASF outbreak scenarios.

In interpreting these shocks, it is important to emphasize that we 
treat ASF-related mortality and depopulation as physical eliminations 
from the herd and, consequently, from pork supply. That is, eliminated 
animals are not assumed to enter any market channel and are therefore 
not available for export or domestic consumption. This physical loss 
is represented exclusively through the negative production shock 
implemented via output-augmenting technical change, which reduces 
total sectoral output. By contrast, the bilateral trade shock 
implemented through import-augmenting technical change is not a 
physical supply reduction; it is a representation of sanitary trade 
restrictions and market-access frictions that lower foreign demand for 
U.S.-origin pork relative to other sources. Because domestic 
production and bilateral trade flows are endogenous in the model, 
GTAP determines how the reduced supply is allocated between 
domestic absorption and exports given the export restrictions.

3 Results

Figure 1 illustrates the simulated impacts of hypothetical ASF 
outbreaks on production across different sectors of the U.S. economy. 
In the small outbreak scenarios (SO1 and SO2), the impacts are 
relatively minor, with the most substantial changes occurring in the 
hog and pork sectors as expected. Hog production decreases by 0.71% 
in SO1 and 1.37% in SO2, while pork production decreases by 2.05% 
in SO1 and 3.94% in SO2. Other sectors show minimal changes. 
However, in the large outbreak scenarios (LO1 and LO2), the impacts 
are more pronounced. Hog production decreases by 7.34% in LO1 and 
8.57% in LO2, while pork production decreases by 7.25 and 10.8%, 
respectively. The larger decrease in hog and pork output leads to a 
2.24% decrease in other livestock and meat production in LO1, and a 
2.51% decrease in LO2. The remaining sectors have smaller simulated 
changes. These results show that a small ASF outbreak as modeled 
might be manageable with minimal economic disruption across 
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sectors, while a large outbreak could severely impact the U.S. pork 
industry and negatively affect related industries, potentially leading to 
shortages and higher prices.

Figure 2 shows the simulated changes in U.S. producer prices. In 
the small outbreak scenarios, hog prices decrease slightly (0.01% in 
SO1 and 0.06% in SO2), while pork prices increase marginally 
(0.04% in SO1 and 0.02% in SO2). However, in the large outbreak 
scenarios, hog prices increase dramatically (41.78% in LO1 and 
41.60% in LO2), and pork prices also present a substantial increase 
(6.55% in LO1 and 6.50% in LO2). The other livestock and meat 
sector shows a price increase of 2.30% on average in the large 
outbreak scenarios. Other sectors show smaller price changes. The 
substantial increase in hog prices during a large outbreak could lead 
to significant financial strain for pork processors and consumers. 
The similar price outcomes in LO1 and LO2, despite differing export 
shocks, suggest that domestic production losses dominate the price 
dynamics in these scenarios. The 7.33% reduction in U.S. hog and 
pork production shifts the domestic supply curve inward 
substantially, raising marginal costs and tightening availability. 
While a larger export restriction reduces foreign demand for U.S.-
origin pork, the change in demand from a 40% to an 80% restriction 
is limited in its effect on the domestic producer price. Under GTAP’s 
Armington structure, the export restriction is implemented as a 
bilateral trade friction, which changes the destination mix of sales 
and induces trade diversion and domestic absorption rather than 
creating an additional physical supply expansion. As a result, the 
larger export restriction primarily affects quantities traded and the 
allocation of the reduced output across destinations, while 

equilibrium producer prices remain anchored by the supply shock. 
Consistent with this mechanism, differences between LO1 and LO2 
are more visible in bilateral trade flows and destination market 
outcomes than in U.S. producer prices.

The small outbreak scenarios show minimal impacts on world 
prices, with negligible increases in hog and pork prices, while other 
sectors’ prices are unaffected (Figure 3). The large outbreak scenarios, 
on the other hand, lead to more noteworthy changes in world prices, 
particularly for hog prices (3.69% increase in LO1 and 3.67% in LO2) 
and pork prices (1.22% increase in LO1 and 1.20% in LO2). Other 
sectors show negligible or no price changes across all four scenarios. 
The other livestock and meat sector also shows a simulated increase 
of 0.43% in prices worldwide in both large outbreak scenarios. In 
general, a small ASF outbreak in the U.S. would not have noticeable 
effects on global pork markets, however, a large outbreak could 
substantially disrupt global pork supply chains, potentially leading to 
price volatility in international markets. Results show that 
non-agricultural sectors do not show price changes, independent of 
the size of the outbreak.

Considering all four scenarios, global pork exports decrease 
between 1.41% (SO1) and 4.16% (LO2). Supplementary Tables A.1–A.8 
show changes in hog and pork bilateral trade for each outbreak 
scenario. The U.S. experiences the most substantial hog and pork 
export declines across all scenarios, consistent with the imposed 
shocks in the model. A comparison of the scenarios reveals distinct 
differences in the scale of trade realignments. The small outbreak 
scenarios (SO1 and SO2) result in limited changes in global trade 
patterns, reflecting the relatively minor disruptions caused by these 

FIGURE 1

Percentage changes in U.S. output. Source: Authors’ simulations. Scenario SO1 considers a hog and pork production decrease of 0.044% and an export 
loss of 20%. Scenario SO2 assumes the same production decrease, but considers an export loss of 40%. Scenario LO1 combines a hog and pork 
production decrease of 7.33% with an export loss of 40%. Scenario LO2 represents the worst-case scenario, with a decrease in hog and pork 
production of 7.33% and an export loss of 80%.
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scenarios. However, the large outbreak scenarios (LO1 and LO2) 
demonstrate a significant redistribution of export shares. The 
transition from SO2 to LO1 is particularly noteworthy, as both 
scenarios assume a − 40% export shock but differ in the production 
shocks applied. The larger production shock in LO1 (−7.33%) 
amplifies the trade realignment, leading to more pronounced increases 
in exports from competing regions.

Our modeling results show that other competing countries would 
increase exports to fill the gap left by reduced U.S. exports. Import 
patterns change as countries adjust to the new trade landscape. 
Canada and Mexico, especially, increase hog and pork imports from 
other countries. Supplementary Tables A.1–A.4 show that Mexico 
increases hog imports from sources other than the U.S. relatively more 
than Canada, while Supplementary Tables A.5–A.8 show that Canada 
increases pork imports from other sources relatively more than 
Mexico. In general, the results reveal complex adjustments in global 
pork trade flows in response to the hypothetical ASF outbreaks in the 
U.S., highlighting the interconnected nature of global agricultural 
markets.

In all scenarios, the substantial decrease in U.S. hog and pork 
exports triggers shifts in trade flows as other countries increase 
exports to fill the gap, with particularly pronounced adjustments in 
the large outbreak scenarios (LO1 and LO2). However, these 
adjustments are not costless. Exporting nations may face increased 
production costs as they expand output, and importing nations may 
encounter higher prices as they source pork from more expensive or 

less geographically proximate suppliers. The simulated increase in 
global pork prices (1.22% in LO1 and 1.20% in LO2) reflects these 
adjustments and highlights the challenges of maintaining price 
stability in the face of major supply shocks in a key global 
export market.

The bilateral trade dynamics revealed by this analysis underscore 
the intricate nature of global pork markets and the potential for 
realignment in the event of an ASF outbreak in the U.S. The simulated 
changes in trade patterns indicate a likely scenario where other pork-
exporting nations have the opportunity to expand their market 
presence, potentially securing increased market share and establishing 
new trade relationships. This trade diversion could have lasting 
implications for the global pork industry conjuncture. Furthermore, 
the nuanced changes in import behaviors, particularly the responses 
by Canada and Mexico, emphasize the critical importance of regional 
trade interdependencies within North America.

In the small outbreak scenarios, SO1 and SO2, hypothetical ASF 
outbreaks in the U.S. have no discernible effects on the gross domestic 
product (GDP) of the U.S. or other countries and regions. However, 
the large outbreak scenarios lead to a small simulated decrease in 
U.S. GDP (−0.05% in both LO1 and LO2), with negligible effects on 
GDP in other regions. To put the U.S. effects into perspective, a large 
ASF outbreak could lead to a $12.72 billion loss, considering the 
U.S. GDP in 2022.

Table 2 presents welfare impacts of hypothetical ASF outbreaks in 
monetary terms. The U.S. experiences simulated welfare losses of $310 

FIGURE 2

Percentage changes in U.S. producer prices. Source: Authors’ simulations. Scenario SO1 considers a hog and pork production decrease of 0.044% and 
an export loss of 20%. Scenario SO2 assumes the same production decrease, but considers an export loss of 40%. Scenario LO1 combines a hog and 
pork production decrease of 7.33% with an export loss of 40%. Scenario LO2 represents the worst-case scenario, with a decrease in hog and pork 
production of 7.33% and an export loss of 80%.
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million in SO1 and $563 million in SO2. In the case of a large 
outbreak, the U.S. faces substantial simulated welfare losses, with a 
$10.9 billion loss in LO1 and a $11.4 billion loss in LO2. In other 
words, a large outbreak, combined with a sharp decrease in pork 

exports, could potentially lead to a national welfare loss in the U.S. 38 
times larger than in a small outbreak scenario. Other countries have 
relatively small economic welfare changes in both scenarios as 
countries substitute import sourcing away from the U.S. towards other 

FIGURE 3

Percentage changes in world prices. Source: Authors’ simulations. Scenario SO1 considers a hog and pork production decrease of 0.044% and an 
export loss of 20%. Scenario SO2 assumes the same production decrease, but considers an export loss of 40%. Scenario LO1 combines a hog and pork 
production decrease of 7.33% with an export loss of 40%. Scenario LO2 represents the worst-case scenario, with a decrease in hog and pork 
production of 7.33% and an export loss of 80%.

TABLE 2  Changes in welfare (equivalent variation, $US million).

Country SO1 SO2 LO1 LO2

USA −310.0 −563.0 −10,905.0 −11,413.0

Canada 45.1 90.5 320.0 423.0

Mexico 24.1 55.9 120.0 207.0

Brazil 10.3 31.1 154.0 216.0

China and Hong Kong −31.1 −54.9 −72.0 −111.0

Rest of Asia and Oceania −108.0 −191.0 −349.0 −480.0

South and Southeast Asia −18.0 −32.9 −77.1 −103.0

Central and South America 1.7 2.1 61.7 61.2

Europe 62.5 109.0 141.0 221.0

Middle East and North Africa 44.8 69.9 −3.6 21.3

Central and Southern Africa −9.7 −18.6 −21.8 −38.6

Source: Authors’ simulations.
Scenario SO1 considers a hog and pork production decrease of 0.044% and an export loss of 20%. Scenario SO2 assumes the same production decrease, but considers an export loss of 40%. 
Scenario LO1 combines a hog and pork production decrease of 7.33% with an export loss of 40%. Scenario LO2 represents the worst-case scenario, with a decrease in hog and pork production 
of 7.33% and an export loss of 80%.
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suppliers. China and Hong Kong, the rest of Asia and Oceania, South 
and Southeast Asia, and Central and Southern Africa present 
simulated welfare losses for both a small and large ASF outbreak in 
the U.S.

Canada, Europe, Mexico, and Brazil benefit in terms of economic 
welfare from both a small and a large outbreak, reflecting trade 
diversion away from U.S. products and toward alternative suppliers. 
This adjustment is visible in the simulated export responses. Under 

FIGURE 4

Percentage changes in hog exports. Source: Authors’ simulations. Scenario SO1 considers a hog and pork production decrease of 0.044% and an 
export loss of 20%. Scenario SO2 assumes the same production decrease, but considers an export loss of 40%. Scenario LO1 combines a hog and pork 
production decrease of 7.33% with an export loss of 40%. Scenario LO2 represents the worst-case scenario, with a decrease in hog and pork 
production of 7.33% and an export loss of 80%.

FIGURE 5

Percentage changes in pork exports. Source: Authors’ simulations. Scenario SO1 considers a hog and pork production decrease of 0.044% and an 
export loss of 20%. Scenario SO2 assumes the same production decrease, but considers an export loss of 40%. Scenario LO1 combines a hog and pork 
production decrease of 7.33% with an export loss of 40%. Scenario LO2 represents the worst-case scenario, with a decrease in hog and pork 
production of 7.33% and an export loss of 80%.
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the large outbreak scenarios, competing exporters expand hog 
exports (Figure 4) by 22.2% (Canada) and 22.5% (Mexico) in both 
LO1 and LO2. Brazil also expands hog exports by 13.0% in LO1 and 
15.8% in LO2, while Europe exhibits smaller increases (0.9% in LO1; 
1.4% in LO2). A similar pattern holds for pork exports (Figure 5): in 
LO1, pork exports rise by 30.2% in Canada, 12.0% in Mexico, 2.6% 
in Europe, and 0.5% in Brazil; in LO2, pork exports increase by 
26.9% in Canada, 20.3% in Mexico, 4.7% in Europe, and 2.3% in 
Brazil. These export expansions are indicatives of the welfare gains 
for these regions (Table 2), which benefit from favorable price and 
trade adjustments following the contraction in U.S. supply and 
exports.

Supplementary Tables A.9–A.12 present the decomposition of 
welfare changes, measured in equivalent variation (in millions of 
US dollars), for countries and regions under small and large ASF 
outbreak scenarios in the U.S. The welfare effects are broken down 
into five components: aggregate welfare effect, allocative efficiency 
contribution, technological change contribution, terms of trade 
contribution, and savings and investment contribution. In the 
small outbreak scenario SO1, the U.S. experiences a negative 
aggregate welfare effect of $310 million, primarily driven by a 
deterioration in the terms of trade equivalent to -$257 million 
(Supplementary Table A.9). In SO2, the $563-million welfare loss 
in the U.S. is also mostly caused by a decrease in the terms of 
trade, corresponding to -$499 million (Supplementary Table A.10). 
On the other hand, in the large outbreak scenarios, the U.S. welfare 
losses are mainly driven by large negative technological change 
contributions, which lead to a welfare loss of approximately $10 
billion in both LO1 and LO2 (Supplementary Tables A.11, A.12). 
Most other countries face small negative or positive welfare 
effects. Terms of trade contributions are generally positive for 
other countries, indicating they benefit from changes in relative 
prices. Several countries, including Canada, Mexico, Brazil, and 
Europe, experience positive aggregate welfare effects. The 
allocative efficiency and terms of trade contributions vary widely 
across countries, reflecting complex adjustments in global 
markets.

The economic welfare decomposition for the small outbreak 
scenarios indicates that the U.S. economy demonstrates a degree of 
resilience to minor shocks in the pork industry as simulated for this 
analysis. The relatively modest economic welfare losses suggest that 
the effects of small-scale ASF outbreaks could be localized and 
manageable, provided that effective containment measures are 
implemented swiftly. On the other hand, the decomposition for large 
outbreak scenarios highlights the severe potential negative impacts on 
U.S. welfare, driven primarily by significant losses in productive 
capacity and adverse terms-of-trade effects if countries impose trade 
restrictions. The negative technological change contribution reflects 
the loss of productive capacity in the pork sector. These findings 
underscore the disproportionate economic consequences of large-
scale outbreaks, particularly for industries as globally integrated as 
pork supply chains.

3.1 Sensitivity analysis

To assess the robustness of the model results, this research 
employs a systematic sensitivity analysis (SSA), a standard approach 

in CGE modeling for evaluating uncertainty. The first step of the SSA 
involves testing the sensitivity of the results to variations in shock 
values by specifying a range of plausible values for each shock. Within 
this range, we estimate means and standard deviations, enabling the 
calculation of confidence intervals for the model results. For this 
purpose, we use Chebyshev’s theorem, which is particularly suitable 
as it does not require any assumptions about the probability 
distribution of the results for each variable (23).

The SSA in this study focuses primarily on variations in shocks 
related to production and export losses, with shocks increased and 
decreased by 50%. Additionally, we extend the analysis to test the 
sensitivity of results to variations in the elasticity of substitution 
between domestic and imported hogs and pork. By exploring a range 
of elasticity values, we systematically evaluate how uncertainty in these 
key parameters influences the results. This tool draws on established 
practices in CGE modeling to address uncertainty in exogenous 
variables systematically. Specifically, the inclusion of elasticity 
variations accounts for potential discrepancies in how domestic and 
imported goods are substituted under different scenarios, a critical 
factor in trade-focused analyses (58, 59).

Table 3 summarizes the SSA results for U.S. welfare across the four 
ASF scenarios. In SO1, the economic welfare losses range between 
-$431 million and -$187 million, while, in SO2, the range expands to 
-$764 million and -$354 million. This progression demonstrates the 
increasing severity of economic welfare losses with larger export 
shocks. LO1 results in an economic welfare loss with a wide confidence 
interval spanning a potential loss of -$25.2 billion to a gain of $2.9 
billion. LO2, which introduces even larger export shocks, presents a 
confidence interval ranging from a loss of -$25.4 billion to a gain of 
$2.2 billion. These wide bounds are a direct consequence of two 
factors: the large magnitude of the export shocks considered and the 
conservative nature of Chebyshev’s inequality. Importantly, the 
positive upper bounds do not represent typical or likely outcomes, but 
rather extreme equilibrium cases in which very large reductions in 
exports generate sharp declines in domestic pork prices, leading to 
strong increases in domestic consumption and, in turn, temporary 
gains in measured economic welfare. From a policy perspective, the 
key result of the SSA is the robustness of the central finding: across a 
broad and conservative range of shock magnitudes, large ASF 
outbreaks are associated with substantial expected welfare losses for 
the U.S. The baseline and median outcomes for LO1 and LO2, 
approximately $11 billion in welfare losses, lie well within the interior 
of the SSA bounds and remain strongly negative. The SSA therefore 
reinforces the conclusion that large ASF outbreaks pose significant 
economic risks, even when accounting for uncertainty in exogenous 
shocks. The SSA results for the elasticity of substitution between 
domestic and imported hogs and pork in the U.S. examines how 
changes in this parameter influence economic welfare outcomes. 
Increasing the elasticity of substitution by 50% reflects a scenario 
where consumers and firms can more easily switch between domestic 
and imported goods. For example, if the price of imported goods rises, 
demand adjusts more readily to domestically produced substitutes. 
Conversely, decreasing the elasticity by 50% assumes greater rigidity 
in switching between goods, meaning that even with price changes, 
consumers and firms are less likely to adjust their preferences.

The results in Table 4 highlight how these changes affect 
U.S. economic welfare under different scenarios (SO1, SO2, LO1, and 
LO2). In SO1 and SO2, the economic welfare losses range from -$581 

https://doi.org/10.3389/fvets.2026.1752899
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


de Menezes et al.� 10.3389/fvets.2026.1752899

Frontiers in Veterinary Science 11 frontiersin.org

TABLE 4  SSA with variation in elasticity of substitution for hog and pork sectors, 95% confidence interval.

SO1 SO2

U.S. welfare change (in million $US) U.S. welfare change (in million $US)

Model result Lower bound Upper bound Model result Lower bound Upper bound

−310 −581 −36 −563 −1,014 −98

LO1 LO2

U.S. welfare change (in million $US) U.S. welfare change (in million $US)

Model result Lower bound Upper bound Model result Lower bound Upper bound

−10,905 −11,380 −10,422 −11,413 −11,962 −10,817

Source: Authors’ simulations.

TABLE 3  SSA with variation in shocks to production and exports, 95% confidence interval.

Shocked variable Shock range

SO1

U.S. welfare change (in million $US)

Model result Lower bound Upper bound

Production
Hogs

[−0.066%; −0.022%]

−310 −431 −187
Pork

Exports
Hogs

[−10%; −30%]
Pork

Shocked variable Shock range

SO2

U.S. welfare change (in million $US)

Model result Lower bound Upper bound

Production
Hogs

[−0.066%; -0.022%]

−563 −764 −354
Pork

Exports
Hogs

[−20%; -60%]
Pork

Shocked variable Shock range

LO1

U.S. welfare change (in million $US)

Model result Lower bound Upper bound

Production
Hogs

[−11.00; −3.67%]

−10,905 −25,182 2,113
Pork

Exports
Hogs

[−20%; −60%]
Pork

Shocked variable Shock range

LO2

U.S. welfare change (in million $US)

Model result Lower bound Upper bound

Production
Hogs

[−11.00; −3.67%]

−11,413 −25,445 2,182
Pork

Exports
Hogs

[−40%; −100%]
Pork

Source: Authors’ simulations.
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million to -$36 million, and from -$1 billion to -$98 million. The 
lower and upper bounds vary more widely, especially in SO2, 
reflecting greater sensitivity to elasticity changes under larger export 
shocks. For the more severe shock scenarios, LO1 and LO2, the 
economic welfare impacts are significantly larger, with model results 
showing losses between -$11.4 billion and -$10.4 billion, and from 
-$12 billion to -$10.8 billion, respectively. The confidence intervals for 
these scenarios are much narrower compared to SO1 and SO2. These 
tighter bounds suggest less variability in outcomes despite the severity 
of the shocks, indicating that substitution elasticity plays a relatively 
smaller role in these extreme scenarios compared to the larger 
magnitude of production and export shocks.

4 Discussion

This study reveals the complex and far-reaching consequences 
of a potential ASF outbreak in the U.S. Our results show that even 
without assuming a complete suspension of U.S. hog and pork 
exports, as in Carriquiry et al. (12), partial export restrictions can 
generate substantial welfare losses for the U.S. and non-trivial 
impacts for U.S. trade partners. In large outbreak scenarios, 
simulated U.S. welfare losses exceed $10 billion, primarily driven 
by production disruptions and adverse terms-of-trade effects. 
Import-dependent regions, particularly in Asia and Africa, 
experience welfare losses as they adjust to reduced U.S. supplies 
and higher world prices, while major competing exporters, such as 
Brazil, Canada, Mexico, and European countries, gain by 
expanding exports and capturing market share. This redistribution 
of economic welfare highlights how shocks originating in a single 
large exporter propagate through global pork markets, reinforcing 
that animal disease events are not merely sectoral disturbances but 
economic-wide shocks. These results are consistent with broader 
evidence on how major disease shocks reconfigure agricultural 
trade and prices (13, 20, 27, 39).

A central policy implication of these findings is that the economic 
costs of delayed detection and containment rise nonlinearly with 
outbreak size. The stark contrast between the small and large outbreak 
scenarios indicates that policies capable of preventing escalation, such 
as early detection systems, rapid depopulation protocols, and 
movement controls, generate benefits far beyond the livestock sector. 
From an economic perspective, these measures function as loss-
avoidance investments: preventing a large outbreak avoids welfare 
losses an order of magnitude larger than those associated with small, 
localized events. This provides a clear economic justification for 
sustained public investment in surveillance, diagnostics, and response 
capacity, complementing existing animal-health rationales (15, 
42, 51).

Beyond outbreak control, the results highlight the critical role of 
trade policy design in shaping economic outcomes. Even when 
production losses are held constant, differences in export restrictions 
generate substantial variation in welfare losses. This finding underscores 
the economic value of regionalization and zoning agreements that 
allow disease-free areas to continue exporting. Our simulations show 
that scenarios consistent with partial rather than extreme trade bans 
substantially reduce welfare losses for the U.S. while limiting global 
price increases and trade diversion. These results support policies 
aimed at strengthening pre-negotiated regionalization agreements and 

improving transparency and trust with trade partners, consistent with 
evidence from HPAI occurrences [(41, 42); WTO, 2018].

The redistribution of welfare across regions has important 
international implications. Import-dependent regions, particularly in 
Asia and Africa, experience welfare losses driven by higher world 
prices and reduced access to U.S. pork, while major exporters benefit 
from expanded market opportunities. These asymmetric effects 
suggest that ASF outbreaks in the U.S. have consequences for global 
food security and trade stability, especially for low- and middle-
income importing countries with limited capacity to absorb price 
shocks. From a policy standpoint, this reinforces the importance of 
international coordination, including information sharing, 
harmonized sanitary standards, and contingency planning to mitigate 
spillovers from disease outbreaks in major exporting countries.

The magnitude of simulated economic losses also has implications 
for public budgeting and institutional design. Losses on the scale 
estimated in large outbreak scenarios outweigh typical annual 
expenditures on animal-health surveillance and preparedness, 
implying high benefit–cost ratios for preventive investments. 
Moreover, because welfare losses are driven not only by production 
declines but also by trade disruptions, effective ASF preparedness 
requires coordination across agricultural, trade, and foreign-affairs 
institutions. Policies narrowly focused on domestic disease control, 
without parallel efforts to preserve market access, risk leaving 
substantial economic value unrealized.

Methodologically, this study illustrates the value of a global CGE 
framework for evaluating the economy-wide implications of 
transboundary animal diseases. By explicitly modeling production, 
consumption, factor markets, and bilateral trade flows, the GTAP-
based approach captures interactions that partial equilibrium and 
input–output models may miss, such as ripple effects across sectors 
and markets and general equilibrium adjustments in prices and 
income. In doing so, this research complements existing ASF work 
that has focused more narrowly on sectoral or consumer outcomes, 
and aligns with previous CGE studies of other livestock diseases. At 
the same time, the framework provides a robust structure for testing 
alternative policy scenarios and conducting systematic sensitivity 
analysis.

The analysis also points to several avenues for future research. 
First, integrating epidemiological models that explicitly capture 
outbreak duration and spatial spread would allow policymakers 
to evaluate time-dependent tradeoffs between containment costs 
and avoided economic losses. Dynamic disease-economic models 
could capture time paths of inventory rebuilding, investment 
responses, and gradual recovery of trade flows. Second, 
distributional analyses within the U.S. and key trade partners, 
including heterogeneous impacts on producers by size, region, 
and integration into value chains, would complement the 
aggregate welfare results presented here and provide more targeted 
guidance for compensation and adjustment policies.

ASF preparedness should be treated not only as an animal health 
priority but as a macroeconomic and trade-policy concern. By 
quantifying how alternative combinations of outbreak severity and 
trade restrictions propagate through production, prices, trade flows, 
and welfare, this research provides insights for risk assessment and 
policy design for ASF and other transboundary livestock diseases. The 
potential for multi-billion-dollar welfare losses in large outbreak 
scenarios offers a strong economic justification for continued 
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investment in disease prevention, surveillance, and rapid response 
capacity, as well as trade agreements that can limit export disruptions. 
Overall, this study illustrates the value of economic modeling in 
helping decision-makers prioritize resources and design policies to 
prepare for potential animal health crises.
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