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Abstract
Consumers tend to overestimate food risks, and news reporting that draws attention to the
deadly aspects of animal disease can cause fear in consumers even when a disease is not a
food safety issue. We utilize an online survey experiment with U.S. pork consumers to
assess how prior knowledge of African swine fever (ASF) and how news headlines and
article content can affect pork purchases. We find that consumers are generally unaware
of ASF, and almost half of respondents, who are all typically pork consumers, would be
unwilling to purchase pork if there were an ASF outbreak in the United States. Within our
experiment consumers who have less prior knowledge of ASF hesitated to buy pork, when
first hearing of an outbreak. While additional information that ASF is not a human health
threat helped mitigate pork avoidance, the placement of food safety assurance in either the
headline or body of the article does not show a significantly different impact on consumer
willingness to pay. As part of preparation efforts for a potential outbreak, our results
emphasize the role of consumers’ prior knowledge and perceptions of the disease, which
relays the importance of media cooperation in proactively informing the public about ASF
outbreaks and highlighting the nonimpact on human health.

Keywords: African swine fever; food safety information; pork demand; willingness to pay

JEL code: D12; D83; Q13

Introduction

African swine fever (ASF) is a highly contagious foreign animal disease and deadly viral
disease in pigs (USDA-APHIS 2021a).1 ASF has never occurred in the United States, but is

© The Author(s), 2022. Published by Cambridge University Press on behalf of the Northeastern Agricultural and Resource
Economics Association. This is an Open Access article, distributed under the terms of the Creative Commons Attribution
licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution and reproduction,
provided the original article is properly cited.

1Along with FMD and classical swine fever (CSF), ASF is classified as Tier 1 disease, which have the
highest risks and consequences (USDA-APHIS-VS 2013). ASF is considered the most serious current global
threat to pork production worldwide (Niederwerder et al., 2021).
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not a new swine disease globally.2 ASF has proliferated rapidly across Asia after the first
known outbreak in China in 2018 (FAO-EMPRES-AH 2021a), and the number of coun-
tries affected by ASF has increased in Asia, Europe, and Sub-Saharan Africa (OIE – Europe
2020). The detection of ASF virus in the Dominican Republic on July 27, 2021, and in Haiti
on September 20, 2021 (Cole and Stepien 2021a, 2021b), represents the first cases in the
Western Hemisphere in forty years and has further heightened concerns the disease may
continue to spread into disease-free regions, including the United States. The major
economic consequences of an ASF outbreak would include the cost of disease control
and the loss of status for international trade (Berthe 2020). Adverse economic impacts
of an ASF outbreak could increase exponentially if domestic consumers reduce pork
consumption. For example, Paarlberg, Lee and Seitzinger (2002) estimate that if only
7% of U.S. consumers cut meat consumption during a foot and mouth disease (FMD)
outbreak (i.e., in the mistaken belief that FMD is a human health concern), the national
welfare losses from the outbreak would be more than double the amount of losses with no
such consumer response.

ASF virus has limited host range. To date, there is no evidence of zoonotic potential and
there are no indications that this might change (Blome, Franzke and Beer 2020; Dixon
et al. 2020; Fu et al. 2020). The reason why ASF is notifiable to the World
Organization for Animal Health (OIE) is because of its high socioeconomic impact
and the number of stakeholders involved (Blome, Franzke and Beer 2020). The Animal
and Plant Health Inspection Service of the U.S. Department of Agriculture clearly states
that ASF is not a public health threat or food safety issue (USDA-APHIS 2021a).
Nonetheless, the public tends to overestimate food risks even when experts evaluate the
actual risk to be low (Miles and Frewer 2003; Miles et al. 2004). Moreover, the first occur-
rence of an animal disease outbreak is known to contribute to uncertainty in livestock
markets and have a greater shock than recurring ones (McCullogh et al. 2013; Houser
and Karali 2020). As ASF has never occurred in the United States, news coverage about
a U.S. outbreak of the virus could influence consumers’ perceived food safety of pork prod-
ucts. There is limited information, however, on how many U.S. consumers are even aware
of the disease.

Previous research shows impacts of food safety events on consumers, with studies
mostly focusing on food recalls or contamination (Dahlgran and Fairchild 2002;
Marsh, Schroeder and Mintert 2004; Piggott and Marsh 2004; Tonsor, Mintert and
Schroeder 2010; Taylor, Klaiber and Kuchler 2016). The literature rarely discusses
consumer responses associated with animal diseases that do not have human health
impacts and/or food safety concerns. However, adverse meat demand impacts are possible
regardless of the actual severity of food safety concerns, if any, and this can depend on how
public information such as media reports or public commentary is delivered. For instance,
given that an animal disease is not a food safety issue, the inclusion of a direct food safety
statement in the headline or contents of a news article may help mitigate the potential
adverse demand impact, compared to the case where the statement is omitted.

In this study, we utilize an online survey of U.S. pork consumers to help fill several
knowledge gaps. We first evaluate respondents’ perceptions of the recent global ASF
outbreak along with prior knowledge that helps to document baseline knowledge about
ASF before exposure to information treatments used in the study. We then use contingent

2ASF was first identified in Kenya in the 1920s and has become widespread and endemic in sub-Saharan
Africa, parts of West Africa and Sardinia. Spain and Portugal eradicated ASF in the mid-1990s after
outbreaks in 1957 and 1960. ASF was also eradicated from the Caribbean in the early 1980s following
outbreaks from 1977 to 1980.
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valuation experiments to examine purchasing decisions when exposed to alternative news
articles where the headline and the body of the article are framed differently.
Understanding possible consumer actions after exposure to differently framed and curated
information can help design communication strategies to prevent or lessen demand impacts
and avoid further serious economic implications for producers and the broader economy.

Literature review

Public information about food safety events has been found to have a negative but short-
lived impact on consumer demand (Dahlgran and Fairchild 2002; Piggott and Marsh 2004;
Wang and De Beville 2017). On the other hand, Burton and Young (1996) found the media
coverage of bovine spongiform encephalopathy (BSE) had a significant long-run negative
impact on beef demand in Great Britain. In the United States, Taylor, Klaiber and Kuchler
(2016) assert that food safety-related information has increased subsequently in the public
sphere since the discovery of a cow testing positive for BSE. They find evidence that the
event altered how people view and respond to recalls of ground beef and conclude the scale
of influence the BSE event had on U.S. consumer behavior has been understated. Neill and
Chen (2021) also find a prolonged or intense media response to a food scare could result in
significant decreases in demand, lower prices, and lower short-term profit for producers.

When the media report on animal disease outbreaks, negative connotations typically
appear in news articles (Ruth, Eubanks and Telg 2005; Shih, Wijaya and Brossard
2008). In the study of FMD, Cannon and Irani (2011) investigate how major daily news-
papers framed the disease during the FMD outbreak in the U.K. in 2001 and 2007 and
confirm that framing of fear dominates. They caution that the use of frames in media
has the potential to invoke unnecessary fear among consumers who already have limited
knowledge regarding agricultural production practices. Swinnen, McCluskey and
Francken (2005) also assert that early claims about food safety events are reported with
a bias toward negative news. They note that even false claims, such as an individual being
affected by FMD, were initially reported, but the correction that the symptoms were caused
by another condition was presented in a comparatively short article.

The number of countries across the world reporting outbreaks of ASF has grown and,
although production practices and consumption patterns differ, lessons can be learned
from their experiences. A report from China mentions that a 10% to 15% drop in pork
consumption after the first ASF outbreak was probably due to food safety concerns
(Pan 2019). Vietnam noted domestic pork demand was reduced owing to ASF-related
health concerns (E.D. Solutions 2019), and media in the Philippines reported that
consumers were avoiding pork despite the fact that ASF does not harm human health
(Rivas 2019). One popular press article points out that confusing headlines about the
ASF outbreak prompted German consumers, unfamiliar with the virus, to question the
safety of pork (Shike 2021). Moreover, the Korea Pork Producers Association issued a
statement calling for media cooperation on ASF reporting. They referred to past experi-
ences with FMD and stated that stimulating words caused damage to the farms as they
invoked consumers’ anxiety about food safety and pork consumption (Korea Pork
Producers Association 2019).3 While these reports do not necessarily constitute stylized
facts, they do provide cautionary tales of possible pork demand impacts.

3Examples of these included: [Chosun] “First African swine fever case confirmed: 100% mortality rate-
No vaccine available” (Park 2019a); [Hankyoreh] “Experts predict “virus storm” regarding African swine
fever, no vaccine has been developed for ASF” (Park 2019b); and [The Korea Times] “Animal groups:”
Infected pigs were buried alive, splattering blood (Ko 2019).
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How information is framed matters for consumers’ attitudes about food purchases.
Previous research includes pro- or anti-framing, gain or loss framing, and benefit or risk
framing (Fox, Hayes and Shogren 2002; Hayes, Fox and Shogren 2002; Lusk et al. 2004;
Marette et al. 2008; Mitchell et al. 2015; Britwum and Yiannaka 2019). Hayes, Fox and
Shogren (2002) find that negative information outweighed positive information when both
positive and negative information on food irradiation was offered to consumers at the same
time. In this context, McCluskey and Swinnen (2011) propose that media companies who
care about profits would offer more negative stories to meet the demand for negative news.
Stronger demand for negative framing aligns with prospect theory (Kahneman and Tversky
1979), because readers’ expected value of additional information would be higher when an
article dealt with a negative impact on their welfare than when it dealt with a positive impact.

Meanwhile, prior knowledge can also alter food consumers’ risk perceptions and
purchase intentions (Radecki and Jaccard 1995; Verbeke 2005). According to Rao and
Sieben (1992), consumers evaluate product quality as lower when they perceive certain
information about a product is missing. Also, consumers with less prior knowledge of
a product are more likely to be risk averse than more knowledgeable consumers because
the perception of missing information causes uncertainty in purchase decisions. In addi-
tion, Jin and Han (2014) find that when exposed to a differently framed news article on a
food hazard with varying degrees of information, a group of individuals with less subjective
knowledge of food safety issues showed a greater variation in purchase intentions.

Our research builds upon these prior studies, and adds to foreign animal disease
preparation efforts, by investigating how consumers’ perceptions and the framing of infor-
mation in news articles can affect their purchase decisions. A goal of risk communication
during an animal disease outbreak is to protect the health of animals, people, and commu-
nities, as well as to mitigate related economic impacts, by providing information, advice,
and guidance to decision makers (FAO 2020). Understanding what reactions may occur
and how individual reactions may vary could facilitate public and private risk communi-
cation and policy making in animal disease management (Muringai and Goddard 2017).
Resiliency of all meat industry participants, in the aftermath of a foreign animal disease
outbreak, will hinge critically upon consumer demand.

Survey data

Survey instrument
We developed an online survey collaboratively with the Center for Survey Statistics and
Methodology (CSSM) at Iowa State University to collect information about U.S. pork
consumers. Dynata, an international marketing company, programmed the survey
instrument into a web-based format and distributed it through their database of survey
panelists.4 The survey sample was balanced for age, gender, race, income, and region of
the United States according to the U.S. Census.5 A screening question was included at
the beginning of the survey to identify pork consumers. A household that does not eat
pork was not included in the sample. In total, 2,107 completed responses were obtained
from April 29, 2020 to May 4, 2020. Among total respondents to the survey, 1,052 partic-
ipants were randomly assigned to the survey experiment designed for this study. Table 1
shows select summary statistics of survey participants compared with 2020 U.S. Census

4Dynata is known for its rigorous verification process and quality control of its panels (Gibson et al. 2021;
Trent et al., 2022).

5In proportioning the several experiments contained within the survey, there may exist some slight
underrepresentation, or overrepresentation, of certain groups.

92 J. Lee et al.
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data where available. About 46% of respondents were female, mean age was 46 years with a
range of 18 to 93 years, and 28% of respondents had a bachelor’s degree or higher. Annual
household income was classified into five categories, and residence into four categories for
region of the United States. Half of respondents eat pork at home more than once a week
and selected pork chops as a pork product that they typically buy.

Prior knowledge of ASF
To our knowledge, there is little published evidence on consumer awareness and percep-
tions of ASF or other swine diseases. The first part of the survey consisted of questions that
evaluated how much pork consumers know about various swine diseases. Specifically,
three questions allowed us to infer the degree to which consumers were aware of ASF.

Table 1. Summary statistics of survey participants

Variable Description Mean SD

U.S.
Census
2020

Female 1 if female; 0 if male 0.461 0.499 50.3%

Age Age of respondent (years) 46.163 17.994

Education 1 if bachelor’s degree or higher attained;
0 otherwise

0.280 0.449 35.0%

Region 1 if lives in the Midwest region: West North Central
(ND, SD, NE, KS, MN, IA, MO) and East North
Central (WI, IL, MI, IN, OH); 0 otherwise

0.226 0.419 20.8%

1 if lives in the Northeast region: New England (ME,
NH, VT, MA, RI, CT) and Middle Atlantic (NY, NJ,
PA); 0 otherwise

0.180 0.384 17.4%

1 if lives in the West region: Pacific (WA, OR, CA,
AK, HI) and Mountain (MT, ID, WY, NV, UT, CO, AZ,
NM); 0 otherwise

0.230 0.421 23.7%

1 if lives in the South region: West South Central
(TX, OK, AR, LA), East South Central (KY, TN, MS,
AL), and South Atlantic (FL, GA, SC, NC, VA, WV,
DC, MD, DE); 0 otherwise

0.364 0.481 38.1%

Income 1 if annual household income is between $0 and
$24,999; 0 otherwise

0.241 0.428 18.1%

1 if annual household income is between of
$25,000 and $49,999; 0 otherwise

0.256 0.436 19.7%

1 if annual household income is between $50,000
and $74,999; 0 otherwise

0.266 0.442 16.5%

1 if annual household income is between $75,000
and $149,999; 0 otherwise

0.190 0.393 27.5%

1 if annual household income is over $150,000;
0 otherwise

0.047 0.211 18.3%

Frequent pork
chop
consumption

1 if eat pork at home more than once a week, and
typically buy a pork chop; 0 otherwise

0.490 0.500
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The first question asked how much they were aware of various swine diseases, using a
Likert scale. Swine diseases included swine influenza, porcine epidemic diarrhea (PED),
porcine reproductive and respiratory syndrome (PRRS), ASF, classical swine fever
(CSF), and FMD. Common causes of foodborne illness, such as E. coli and salmonella,
were also included in the list. To account for possible order bias, we provided swine
diseases in a randomized order to survey participants. Using the same list of swine diseases,
the second question asked respondents to indicate which diseases, if any, they thought
were a possible threat to human health. Lastly, we asked whether respondents were aware
of the global ASF outbreak in China and other countries.

The observed responses to these three survey questions were used to understand
consumers’ prior knowledge about ASF. It is likely that there exist latent or hidden patterns
between answers to the questions, as respondents with similar answers will tend to cluster
within the same latent class. Latent class analysis allows us to identify qualitatively different
subgroups within populations that share certain observable characteristics (Hagenaars and
McCutcheon 2002). This helps us evaluate the relationship between the observable survey
responses and choose a proxy for the respondent’s prior knowledge of ASF. We find that
an individual’s awareness of the global ASF outbreak was a key response that determines to
which latent class a respondent likely belongs and the variable is used to represent
consumers’ prior knowledge of ASF. To help retain brevity of the article, Table 2 contains
only the survey responses that present respondents’ prior knowledge of ASF, which are
selected for use in model estimation. Appendix 1 contains details of the survey responses
about relative awareness of ASF along with prior knowledge of other swine diseases and
the results from the latent class analysis.

The August 2018 outbreak of ASF in China and subsequent outbreaks in other countries
has dramatically changed the global epidemiological conditions of ASF and has caused
concerns the disease may continue to spread into disease-free regions, including the
United States (Sundberg 2019). Only 27% of respondents were aware of this situation when
the survey was conducted in the spring of 2020. The cross tabulation for respondents’ aware-
ness of the recent global outbreak of ASF and their belief that ASF is not a threat to human
health, shown in Table 2, indicates that only 16% of respondents were aware of ASF and
believed it was not a threat to human health. This is an extremely noteworthy finding, as some
consumers have strong beliefs to the contrary despite considerable efforts by several govern-
ment agencies (OIE 2021a; FAO-EMPRES-AH 2021b; USDA-APHIS 2021a) and others (Pork
Checkoff 2021; SPS Plan 2021) to publicize that FMD, CSF, and ASF are not public health or
food safety concerns and that pork will still be safe to eat in the event of a disease outbreak.

Experimental design: Information treatments
We designed a survey experiment to assess how news reporting and the degree of infor-
mation exposure about an unfamiliar animal disease outbreak can affect pork purchases.

Table 2. Awareness of global ASF outbreak and perceived impact of ASF on human health

Variable Description Mean SD

Awareness of global ASF outbreak 1 if aware of global outbreak of ASF;
0 otherwise

0.267 0.443

Aware of global ASF outbreak &
perceive ASF NOT a human health
threat

1 if aware of global outbreak of ASF and
perceive ASF as NOT a potential threat to
human health; 0 otherwise

0.162 0.368

94 J. Lee et al.
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The hypothetical situation is impossible to test in a real-world setting. Without a
controlled environment, it is also difficult to ensure that consumers are actually exposed
to specific news items or messages. The benefit of the stated preference methodology is that
we can directly compare the effect of media coverage and food safety information on
consumers’ behavioral changes in pork purchases during a hypothetical outbreak of
ASF while accounting for respondents’ prior knowledge.

When an ASF outbreak occurs, depending on how the outbreak is reported, some
consumers may only be informed of the occurrence of the outbreak, while some consumers
may learn more about the disease. Even if sensational headlines are avoided, a negative
framing in the headlines can have a cognitive effect on consumers’ perceptions, resulting
in them avoiding the consumption of pork. According to Ecker et al. (2014), the informa-
tion presented in news articles can be misleading without being blatantly false. They define
slightly misleading headlines as those focusing on one negative aspect of the issue rather
than the article’s main issue. Moreover, consumers may seek further assurances that eating
pork is safe. Ortega, Wang and Olynk Widmar (2015) find that news headlines regarding
food safety have a significant impact on U.S. consumer preferences and willingness to pay
for enhanced safety characteristics.

The news article format in our experiment, reporting the first occurrence of ASF in the
United States, serves as the information treatment. We specified in the instructions as
follows:

The following article describes a HYPOTHETICAL SITUATION.
The article is what you may see if there is an outbreak of African swine fever
in the United States. You will be asked to respond to a hypothetical
scenario. Please answer the questions as if you were actually facing the
situation.

To eliminate the source of bias in treatments, each respondent was randomly assigned to
one of four treatments or a control group. A control group received no headline or corre-
sponding news article content. Four treatment groups received news articles, and we used a
two-by-two factorial design to compare the relative effects of the combinations of two
types of content and two types of headlines.

For the body of the news article, we prepared two different paragraphs of approximately
200 words each. General information about ASF was included, and it was explicitly stated
that ASF was not a potential threat to human health. The difference between the two
contents was that we included additional food safety assurance messaging in one, but
not the other.

We considered two possible headlines that may be used when reporting on an ASF
outbreak. One headline may be focused on food safety, stating it is “still safe to eat pork.”
The other headline may state that “no vaccine is available” but does not specify to whom
the vaccine was unavailable, and also does not have a direct statement about food safety.
The latter headline is slightly misleading because it emphasizes one negative aspect
rather than the dominant point of the accompanying content about the nonimpact
on human health. Table 3 presents a summary of the experimental design based on a
mix-and-match of two news article contents and two headlines. Instructions, headlines,
and the news articles provided for the contingent valuation experiment are provided in
Appendix 2.

Agricultural and Resource Economics Review 95
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Methodology

Double-bounded dichotomous contingent valuation methodology with
a follow-up question
We used the double-bounded contingent valuation methodology (Hanemann, Loomis and
Kanninen 1991) in the survey to determine how willingness to pay for pork chops differ by
exposure to different information treatments. Boneless pork chops were used for the study
because they are a familiar cut of fresh pork (USDA-AMS 2020; US-BLS 2020) and have
been frequently utilized in previous studies (Sanders, Moon and Kuethe 2007; Olynk,
Tonsor and Wolf 2010; Pozo, Tonsor and Schroeder 2012; Lusk et al. 2018). Moreover,
possible changes in purchase intentions and consumer behavior are highly correlated when
asking consumers about their purchases of existing products (Morwitz, Steckel and
Gupta 2007).

We provided survey participants with the average retail price of $3.35 per pound for
boneless pork chops, which was based on the National Retail Report – Pork, published by
USDA’s Agricultural Marketing Service, for the third week of February 2020 (USDA-AMS
2020).6 The price served as a representative, prevailing price for normal market conditions.
Then, we asked each respondent if they would buy a boneless pork chop for a lower price
(Bi) per pound during an ASF outbreak in the United States. If a participant answered
“yes” to the first question, the price was raised by $0.50 (Bh

i � Bi � 0:5� and the question
was asked again. If a participant answered “no” to the first question, the price was reduced

Table 3. Design of Information Treatments (N= 1,052)

Information treatments as a news article (Information about human
health impact in the contents) Control

Group 1 Group 2 Control group

Direct messaging of food safety
both in the headline and in the
contents

Direct messaging of food safety
only in the headline

No news article

Food safety information provided in
the headline

Food safety information provided in
the headline

No headline or
contents provided
(N= 211)

Food safety reassurance provided
in the contents (N= 211)

Food safety reassurance NOT
provided in the contents (N= 210)

Group 3 Group 4

Direct messaging of food safety
only in the contents

No direct messaging of food safety
either in the headline or in the
contents

Food safety information NOT
provided in the headline

Food safety information NOT
provided in the headline

Food safety reassurance provided
in the contents (N= 210)

Food safety reassurance NOT
provided in the contents (N= 210)

6The National Retail Report – Pork provides advertised weekly pork prices at major retail supermarket
outlets. We used the weighted average of the price for center cut chops boneless, which was a national store
summary from February 14 to February 20. The price was comparable to the price of all pork chops per
pound (453.6 gm) from the U.S. Bureau of Labor Statistics (BLS) Average Retail Food and Energy Prices,
U.S. and Midwest Region report for January 2020 (US-BLS 2020).
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by $0.50 (Bl
i � Bi � 0:5� and the question was asked again. We randomly assigned survey

participants to three initial lower prices: $2.00, $2.35, and $2.70.
We used initial prices lower than the reference price of $3.35 per pound. This reflects

the notion that countries with confirmed cases of ASF would be subject to international
trade restrictions. As a result, an outbreak of ASF in the United States would lead to a
significant reduction, if not complete halt, in U.S. pork exports. This would result in imme-
diately larger supplies of pork in the domestic market, putting downward pressure on
prices throughout the pork supply chain (Carriquiry et al. 2020).

The theoretical framework in Aizaki, Nakatani and Sato (2014) is adapted for this
study. We assume an individual’s indirect utility function is Ui qi;mi

� �
, where qi is the

perceived food safety of a pork chop, and mi is the individual’s income. Suppose that
an individual compares the perceived food safety of a pork chop in normal conditions
(q0i� to the perceived food safety after hearing about an ASF outbreak in the United States
(q1i�. Learning about an ASF outbreak may or may not change individuals’ perceptions of
the safety of pork. If individuals think they will gain utility from purchasing pork chops at a
proposed price, they would answer “yes” to the question, and we can write it as an equa-
tion:

Ui q1i;mi � bi
� � ≥ Ui q0i;mi

� �
(1)

where Bi is a price which is further assumed to be bi � 3:35 � di, and di reflects the
perceived discount in the value of the pork chop evaluated by individuals due to an
ASF outbreak.

The responses to the double-bounded valuation questions can be partitioned into four
intervals. For example, if a respondent answered “yes” to both valuation questions (“yes,
yes”), then the respondent’s willingness to pay is considered higher than the last price, and
the willingness to pay interval is classified as bhi ;�∞� �

. An interval for a (“yes, no”)
answer is bi; b

h
i

� �
, an interval for a (“no, yes”) answer is bli; bi

� �
, and an interval for a

(“no, no”) answer is �∞ ; bli
� �

.
In this study, following the conventional design of double-bounded valuation ques-

tions, we added a question for respondents who answered “no” to the initial price and
the following price with a value decreased by $0.50. Specifically, we asked “Would you
buy a boneless pork chop for any price below the last suggested price?” This question
allows us to further distinguish between consumers who have willingness to pay in the
range of [bli; 0� or 0. Appendix 3 depicts schematically how we provided the double-
bounded contingent valuation and follow-up questions.

Willingness-to-pay estimation: Double-bounded discrete choice contingent
valuation model
We first estimate willingness to pay using the double-bounded discrete choice contingent
valuation (DBDC-CV) methodology which assumes a logistic distribution to account for
both positive and negative ranges for willingness to pay. We then compare willingness to
pay estimated from the spike model (Kriström 1997; Yoo and Kwak 2002), which utilizes
the answers from the follow-up question and focuses on positive willingness-to-pay values
and spikes at zero willingness to pay. While considering the market good characteristics of
pork chops make it reasonable to focus on the positive willingness to pay values, Bass et al.
(2021) points out that a market good may not always provide marginal utility if consumers
are concerned about food safety. Because consumer valuations reflect consumer sentiment,
the spike model that restricts willingness to pay to only positive values may overestimate
the effective demand. We examine the two willingness to pay distributions estimated from
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the DBDC-CV model and the spike model to determine if they are significantly different.
By this comparison, it is possible to gain insight into the potential impact of negative will-
ingness to pay, which is attributable to consumers’ disutility from the introduction of
animal disease that is perceived to compromise food safety.

To estimate willingness to pay using DBDC-CV, we assume an individual’s indirect
utility function (Ui� has a systematic component (Vi) and a random component (εi), based
on the random utility model. Therefore, equation (1) can be written as

V1i q1i;mi � bi
� �� ε1i ≥ V0i q0i;mi

� �� ε0i (2)

We use the linear utility model Vi � αi � βimi � εi, where bi represents the marginal
utility of income. An individual’s maximum latent willingness to pay in the hypothesized
situation satisfies:

α0i � βimi � ε0i � α1i � βi mi � y�i
� �� ε1i (3)

Rearranging the equation yields y�i =
αi�εi
βi

, where αi � α1i� α0i and εi � ε1i� ε0i: An indi-
vidual would say “yes” to a price if the individual perceives that purchasing pork chops at
the proposed price provides greater utility, such that V1i � V0i � αi � βibi � εi ≥ 0. The
error term εi is a stochastic component with a standard logistic distribution.

The probability that individual i answers “yes, yes” to the first and second questions is
given by Pyy(bi; bhi � � Pr bhi ≤ y�i

� � � 1 � F�bhi ; αi; βi). Similarly, the probability of
answering “yes, no” is Pyn = F bhi ; αi; βi

� � � F bi;αi; βi� �, and the probability of answering
“no, yes” is Pny = F bi; αi; βi� � � F bli;αi; βi

� �
. Lastly, the probability of answering “no, no”

is Pnn(bi; b
h
i � � F�bli; αi; βi�: Therefore, the log-likelihood for estimation can be specified

as

ln L �
X

N
i�1

Dyy
i ln 1 � F bhi ; αi; βi

� �� �� �

� Dyn
i ln F bhi ;αi; βi

� � � F bi; αi; βi� �� �

� Dny
i ln F bi;αi; βi� � � F bli; αi; βi

� �� �

� Dnn
i ln F bli; αi; βi

� �� �g

(4)

where Dyy
i ; D

yn
i ;Dny

i ;Dnn
i are indicator variables that have a value of 1 when the respon-

dent answers “yes, yes,” “yes, no,” “no, yes,” or “no, no,”, respectively. F��� is defined as
having a standard logistic distribution. Maximum likelihood is used to estimate the model.

Willingness-to-pay estimation: Spike model
The follow-up response added to the double-bounded contingent valuation question
allows us to utilize the spike model, which provides smaller standard errors of the mean
willingness to pay when a high proportion of respondents are expected to express an
unwillingness to pay (Yoo and Kwak 2002). The spike model assumes willingness to
pay is distributed as logistic on the positive axis, with a spike at zero. Considering these
aspects, the log likelihood for the estimation is further expanded as

ln L �
X

N
i�1

Dyy
i ln 1 � F bhi ; αi; βi

� �� �� �

� Dyn
i ln F bhi ;αi; βi

� � � F bi; αi; βi� �� �

� Dny
i ln F bi;αi; βi� � � F bli; αi; βi

� �� �

� Dnny
i ln F bli; αi; βi

� � � F 0;αi; βi� �� �

� Dnnn
i ln F 0;αi; βi� �	 
g

(5)
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where Dnny
i ;Dnnn

i are responses from the follow-up questions, F b;α;β� � � 1�	
exp α � βb� �
�1 when b has positive value, F b; α;β� � � 1� exp α� �� ��1 when b is zero,
which represents the spike at zero willingness to pay, and F b; α; β� � � 0 when b has nega-
tive value.

Results

The distribution of responses to the contingent valuation questions is presented in
Figure 1. About 36% of all respondents answered “yes, yes,” and there were a relatively
small number of individuals who answered “yes, no” or “no, yes.” The result implies that
once consumers answered “no” to purchase pork chops during an outbreak of ASF, the
change in the price has little effect on their decisions. In addition, 46% of all respondents,
who are all typically pork consumers, indicated they would not buy pork if an ASF
outbreak occurred in the United States, by answering “no, no” and then “no” again to
the follow-up question. This implies the potential for significant adverse demand impacts,
which is also in line with a poll from the Pork Checkoff that more than half of consumers
still said they would stop eating pork if ASF was found in the United States (Heslip 2020).

Respondents were randomly assigned to one of five groups, four of which received news
articles framed differently and one group did not receive any news article. Individuals
assigned to the control group were informed of the occurrence of an ASF outbreak,
but their decisions were based solely on their prior knowledge. Individuals assigned news
articles were commonly informed that ASF does not pose a threat to human health in the
content of the article; however, there were variations in the placement of food safety
message in either headlines or body of the article. A likelihood ratio test was performed
first to determine whether pooling across groups is appropriate, followed by a pairwise
comparison of combinations within the five groups. To assess the impacts of information
treatments, we first examine whether responses from respondents in different information
treatments can be pooled. We separately estimated willingness to pay using DBDC-CV
and the spike models by random assignment of information treatments, and we also esti-
mated willingness to pay from pooled data from all groups. Likelihood ratio tests examined
whether it was appropriate to pool across the samples and restrict common parameters
across different information treatments. Table 4 presents the results of likelihood ratio
tests, which reject the null that it is appropriate to pool across the samples, for both

58

82

80

74

81

10

18

18

22

13

14

14

11

10

8

8

8

7

14

14

121

88

94

90

95

Control Group (N=211): No news article

Group 4 (N=210): No direct messaging of food safety either in the
headline or in the contents

Group 3 (N=210): Direct messaging of food safety only in the contents

Group 2 (N=210): Direct messaging of food safety only in the headline

Group 1 (N=211): Direct messaging of food safety in the headline and
contents

Yes, Yes Yes, No No, Yes No, No, Yes No, No, No

Figure 1. Responses to willingness to pay question by treatment group.
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Table 4. Willingness to Pay of Groups with Different Information Treatments

DBDC Spike model

N LL Mean 95% CI LL Mean 95% CI

All respondents 1052 −1123.94 2.39 (2.22, 2.61) −1349.18 3.12 (2.78, 3.58)

Group1: Direct messaging
of food safety both in the
headline and contents

211 −212.18 2.69 (2.21, 3.54) −257.77 3.46 (2.67, 4.71)

Group2: Direct messaging
of food safety only in the
headline

210 −233.99 2.37 (2.02, 2.85) −286.27 2.87 (2.26, 3.76)

Group3: Direct messaging
of food safety only in the
contents

210 −228.51 2.52 (2.17, 3.04) −269.53 3.44 (2.67, 4.67)

Group4: No direct
messaging of food safety
either in the headline or
in the contents

210 −233.99 2.52 (2.19, 3.03) −279.22 3.34 (2.63, 4.50)

Control group: No news
article

211 −207.59 1.90 (1.59, 2.44) −248.32 2.50 (1.85, 3.60)

Hypothesis test

H0: Pooling across
information treatment is
acceptablea

0.05* 0.04**

Comparison of WTP by information treatments

WTP of Group 1, direct
messaging of food safety
both in the headline and
content > WTP of Control
group

0.02** 0.08*

WTP of Group 2, direct
messaging of food safety
only in the
headline > WTP of
Control group

0.06* 0.26

WTP of Group 3, direct
messaging of food safety
only in the
contents > WTP of
Control group

0.03** 0.07*

WTP of Group 4, no direct
messaging of food safety
either in the headline or
in the contents > WTP of
Control group

0.03** 0.0*

aPresented p-values report results of log-likelihood ratio tests examining if responses can be pooled from respondents
receiving different information treatments.
***1%, **5%, *10% significant levels.
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the DBDC-CV and spike models. This indicates there is a significant difference in param-
eters as well as willingness to pay, depending on the group that the respondent was
randomly assigned to.

Willingness to pay is also estimated separately for each group and reported in Table 4,
and the 95% confidence interval is calculated using bootstrapping with 1,000 draws
(Krinsky and Robb 1986). In order to test if the differences in the mean willingness to
pay estimates are significantly different from zero, we used the complete combinatorial
approach suggested by Poe, Severance-Lossin and Welsh (1994; Poe, Giraud and
Loomis 2005) that measures the difference of two willingness to pay distributions. We
examined the difference between all pairs within the five groups, and Table 4 only presents
results of the distributions that show a statistically significant difference. Respondents who
received one of the four headline and news article combinations had a higher willingness to
pay than the control group who were not provided with any news article that included
messaging that ASF is not a threat to human health. This suggests that exposure to detailed
information, as opposed to simply learning about an ASF outbreak, could help mitigate
adverse demand impacts. However, we do not find any statistical difference in willingness
to pay within the groups with information treatments. That is, provided that information
regarding the human health impact is included in the body of the article, the omission of
food safety information either in the headlines or contents does not result in a statistically
significant difference from direct messaging of food safety information.

The impacts of respondents’ prior knowledge about ASF
Previous studies have indicated that consumers’ prior knowledge can influence how they
respond to new information (Jin and Han 2014; Kuttschreuter et al. 2014). To take into
account consumer heterogeneity based on prior knowledge, we further estimated models
separately for respondents who were aware and unaware of the global outbreak of ASF
before they completed our survey. Recall, a respondent’s probability of belonging to
one of the two identified latent classes regarding prior knowledge of ASF is dependent
on their response to the awareness of the global ASF outbreak question (Appendix 1).
The willingness to pay estimation for groups with different information treatments based
on prior knowledge is presented in Table 5, along with the results of likelihood ratio tests.
A likelihood ratio test rejects the null that pooling of respondents with different levels of
prior knowledge is acceptable, and adding to that, the results in Table 5 reveal that the
respondents who were unaware of the global ASF outbreak were the ones impacted by
the information treatments. In contrast, respondents who were aware of the global ASF
outbreak did not show different responses, so it is acceptable to pool data across the groups
receiving different information treatments. This result is in line with the finding of Jin and
Han (2014), who show that information framing had less influence on individuals with
greater subjective knowledge. The difference between the willingness to pay of respondents
who were aware and unaware of the global outbreak of ASF was about $0.77 per pound
from DBDC-CV model and about $1.02 per pound from the spike model.

Using a complete combinatorial test, Table 6 presents the results from a pairwise
comparison of willingness to pay distribution across different information treatments
and different levels of prior knowledge. Again, only the significant results are reported.
As expected, there is a significant difference between the control group and each informa-
tion treatment among the respondents unaware of the global ASF outbreak. Meanwhile,
when we compared the effect on willingness to pay within information treatments, we
found weak evidence that the group who was only provided food safety assurance infor-
mation in the headline had significantly smaller willingness to pay than the group with
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Table 5. Willingness to Pay of Groups with Different Information Treatments by Prior Knowledge

DBDC Spike Model

N LL Mean 95% CI LL Mean 95% CI

Respondents aware of global ASF
outbreak

281 −319.19 2.93 (2.61, 3.37) −377.51 3.82 (3.14, 4.84)

Within the respondents aware of global ASF outbreak

Group1: Direct messaging of
food safety both in the
headline and contents

40 −43.76 2.63 (1.95, 4.44) −53.22 3.48 (2.15, 8.17)

Group2: Direct messaging of
food safety only in the
headline

82 −91.66 2.80 (2.23, 4.10) −109.40 3.51 (2.46, 5.42)

Group3: Direct messaging of
food safety only in the
contents

54 −62.75 3.10 (2.58, 4.23) −74.20 4.05 (2.87, 7.27)

Group4: No direct messaging of
food safety either in the
headline or in the contents

63 −71.56 3.01 (2.41, 4.46) −85.34 3.85 (2.67, 6.43)

Control group: No news article 42 −46.79 3.09 (2.20, 6.85) −53.41 4.34 (2.62, 14.51)

Respondents unaware of global
ASF outbreak

771 −789.21 2.16 (1.96, 2.41) −955.39 2.80 (2.37, 3.27)

Within the respondents unaware of global ASF outbreak

Group1: Direct messaging of
food safety both in the
headline and contents

171 −166.95 2.76 (2.17, 4.28) −203.83 3.45 (2.52, 5.27)

Group2: Direct messaging of
food safety only in the
headline

128 −140.80 2.11 (1.71, 2.69) −175.26 2.48 (1.85, 3.61)

Group3: Direct messaging of
food safety only in the
contents

156 −159.24 2.25 (1.85, 3.18) −189.16 3.08 (2.24, 4.84)

Group4: No direct messaging of
food safety either in the
headline or in the contents

147 −159.35 2.28 (1.87, 2.92) −190.19 3.04 (2.21, 4.58)

Control group: No news article 169 −155.26 1.60 (1.25, 2.19) −189.16 2.02 (1.45, 3.06)

Hypothesis testing

Pooling across awareness is
acceptable

0.00*** 0.00***

Pooling across information
treatment is acceptable within the
respondents who are aware of
global ASF outbreak

0.72 0.87

Pooling across information
treatment is acceptable within the
respondents who are unaware of
global ASF outbreak

0.05* 0.05**

***1%, **5%, *10% significant levels.
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food safety information both in the headlines and contents. The difference between the two
treatments is in the news article contents that states “it is not a food safety issue.”
A possible interpretation of this result is that respondents with less prior knowledge of
ASF react critically to the tone of the direct messaging of food safety, which attempts
to convince them that a certain risk is tolerable (McCluskey and Swinnen 2011) by stating
“still safe to eat pork,” especially when the message in the headline is not supported by the
following contents in the body of the news article.

Willingness to pay estimation with sociodemographic characteristics
To further understand the impacts of individual heterogeneity on willingness to pay, we
estimated the log-likelihood function by adding variables that represent information treat-
ments, awareness of the global ASF outbreak, sociodemographics, and the frequency of
pork consumption. Model 1 in Table 7 shows that the effect of information treatments
compared to the control group and awareness of the global ASF outbreak remains statisti-
cally significant, but we could not detect statistically significant differences depending on
the framing of the information treatments. Price coefficients show a statistically significant
negative value, indicating that consumers are less likely to purchase pork as the price
increases. The results are robust to what has been found in the previous sections.

The variables related to sociodemographics and pork consumption frequency are added
in Model 2. After including these variables, the coefficient on the effect of placing the food
safety message only in the headline is no longer statistically significant in the DBDC-CV
model, while remains weakly statistically significant in the spike model. The results indi-
cate that caution may be required when placing food safety messages only in the headline,
as this may result in the least effective type of information framing if no supporting argu-
ment is provided in the body of the article.

With respect to demographics, females and younger individuals would be less likely to
purchase pork during an ASF outbreak. This is supported by previous research that
women are more concerned with food safety, or perceived food safety (McCluskey and
Loureiro 2003; Hammitt and Haninger 2007; Yu, Neal and Sirsat 2018). In addition, this
follows the finding of Yu, Neal and Sirsat (2018) regarding age, which shows that younger
respondents are more willing to pay for a reduction in foodborne illness in fresh cut
produce. Furthermore, consumers with higher annual household income or who purchase
pork chops more than once a week would be more likely to purchase pork during an ASF
outbreak. Education level did not have a statistically significant impact on willingness to
purchase. We observed varying purchase intentions based on the region of residence. For
example, consumers living in the northeast region would be less likely to purchase pork
during an ASF outbreak compared to Midwestern consumers.

Meanwhile, the comparison of willingness to pay estimates using the complete combi-
natorial test shows that willingness to pay estimates from the DBDC-CV model which
contain negative willingness to pay in the range is significantly lower than the spike model.
This potentially supports Bass, McFadden and Messer (2021)’s point that focusing only on
the positive willingness to pay of market goods can be an oversimplification that fails to
reveal consumers’ true sentiments, in this case regarding food safety concern. However, as
we did not ask respondents to express a negative willingness to pay, further interpretation
is beyond the scope of this study.
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Conclusion

ASF has never occurred in the United States. The virus is lethal to the pig population, but
there is no evidence it poses a threat to public health or food safety (USDA-APHIS 2021a).
ASF virus has been detected in the western hemisphere for the first time in forty years, and
due to its highly contagious nature, high mortality rate, and economic consequences of an
outbreak, the swine industry has strengthened its defenses against its entry into the United
States. Even so, the probability of an ASF outbreak in the United States is nonzero (Jurado
et al. 2019; USDA-APHIS-CEAH 2019). In the event of an ASF outbreak in the United
States, it will most certainly garner widespread media attention due to the potentially
devastating impact on the pork industry and related businesses. If a drop in domestic
demand due to concerns about the perceived safety of pork cannot be mitigated, this will
exacerbate an already desperate situation caused by disease control, loss of export, and
price reductions (Carriquiry et al. 2020). Therefore, understanding potential consumer
reactions is critical for any response and recovery plan.

Using an online survey of 1,052 U.S. pork consumers, we first investigated how aware
consumers are of ASF. We confirmed that consumers were generally unaware of ASF in
comparison with the pork production community’s enhanced attention and prevention
efforts. From the survey, only about 27% were aware of the global ASF outbreak.
Moreover, when we examined possible consumer responses to an ASF outbreak in the
United States using a contingent valuation experiment, nearly 46% of respondents,
who typically consume pork on a regular basis, stated that they would avoid purchasing
pork. This particular finding indicates that there is still information asymmetry in the
marketplace that should be reduced in preparation of a possible ASF outbreak.

Table 6. Comparison of Willingness to Pay by Information Treatment and Prior Knowledge

Test based on Complete Combinatorial Approach DBDC
Spike
Model

Comparison of WTP by different level of prior knowledge

WTP of respondents aware of global ASF outbreak > WTP of respondents
unaware of global ASF outbreak

0.00*** 0.01**

Among respondents who are unaware of global ASF outbreak: Pairwise comparison of WTP
by information treatments

WTP of Group 1, direct messaging of food safety both in the headline and
content > WTP of Control group

0.00*** 0.02**

WTP of Group 2, direct messaging of food safety only in the headline > WTP
of Control group

0.05* 0.21

WTP of Group 3, direct messaging of food safety only in the contents > WTP
of Control group

0.03** 0.06*

WTP of Group 4, no direct messaging of food safety either in the headline or
in the contents > WTP of Control group

0.02** 0.06*

WTP of Group 1, direct messaging of food safety both in the headline and
content > WTP of Group 2, direct messaging of food safety only in the
headline

0.06* 0.07*

***1%, **5%, *10% significant levels. In pairwise comparison, the test results for insignificant pairs are not reported.
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Table 7. Willingness to Pay Estimation with Sociodemographic Characteristics

Variable

Model 1 Model 2

DBDC Spike Model DBDC Spike Model

Coefficient
Estimate S.E.

Coefficient
Estimate S.E.

Coefficient
Estimate S.E.

Coefficient
Estimate S.E.

Constant 0.41** 0.17 −0.38*** 0.14 0.96** 0.32 0.31 0.30

Price −0.55*** 0.04 −0.26*** 0.02 −0.57*** 0.05 −0.28*** 0.02

Information treatments (Base: Control group)

Group1: Direct
messaging of
food safety both
in the headline
and contents

0.46** 0.19 0.50*** 0.19 0.42** 0.20 0.45** 0.19

Group2: Direct
messaging of
food safety only
in the headline

0.33* 0.19 0.38** 0.19 0.31 0.20 0.35* 0.19

Group3: Direct
messaging of
food safety only
in the contents

0.49** 0.19 0.48** 0.19 0.51** 0.20 0.48** 0.19

Group4: No direct
messaging of
food safety
either in the
headline or in
the contents

0.53*** 0.19 0.53*** 0.19 0.55*** 0.20 0.52*** 0.19

Awareness of global
ASF outbreak

0.70** 0.13 0.70*** 0.13 0.54*** 0.14 0.52*** 0.14

Gender −0.60*** 0.13 −0.69*** 0.13

Age −0.01** 0.00 −0.01** 0.00

Education −0.09 0.15 −0.03 0.15

Regional dummies
(Base: Midwest)

Northeast −0.40** 0.20 −0.39** 0.19

West −0.27 0.18 −0.30* 0.18

South −0.19 0.16 −0.18 0.16

Income dummies
(Base: $0 to $25,000)

$25,000 to $49,999 0.09 0.18 0.20 0.17

$50,000 to $74,999 0.40** 0.18 0.40** 0.17

$75,000 to $149,999 0.54*** 0.20 0.53*** 0.20

Over $150,000 0.79** 0.34 0.68** 0.33

Frequent pork chop
consumption

0.39*** 0.12 0.33*** 0.12

(Continued)
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Given that public information about food safety is typically negatively framed,
consumers are likely to be fearful upon the first occurrence of the animal disease outbreak.
We randomly assigned respondents to differently framed headlines and contents of news
articles, whereas the control group received only information about the ASF outbreak but
no news article. The respondents who received news articles were informed that ASF poses
no threat to human health in the contents of the article. The difference in framing between
news articles is whether the placement of the food safety message is in either the headline
or body of the article. This particular assessment was conducted to determine whether
consumers may still avoid consumption when certain details such as food safety assurance
information are provided. Then we estimated the willingness to pay of pork chops using
both the double-bounded discrete choice contingent valuation model and the spike model.

Results indicate that the groups mostly impacted in terms of pork purchase reduction
are those with less prior knowledge of ASF, especially if they were never informed that ASF
does not pose a threat to human health. However, given that no human health impact
information is delivered in the content, omission of food safety assurance in the headline
does not show a significantly different impact on willingness to pay in this study. The null
finding on the effect of information framing used in the news articles suggests that slightly
misleading headlines with omission of food safety information would not be a major
concern as long as consumers are informed that ASF does not pose a threat to human
health. This finding is in line with Marsh, Schroeder and Mintert (2004), who find that
the U.S. Department of Agriculture Food Safety and Inspection Service issuing a meat
recall significantly affects demand, while media reports do not.

Nonetheless, headlines have become more aggressive, exaggerated, and misleading with
the increasing competition of the online world (Rieis et al. 2015), and media companies
who care about profits would offer more negative stories to attract readers’ attention to
consume the news article (McCluskey and Swinnen 2011). Moreover, Swinnen,
McCluskey and Francken (2005) claim that mostly information is not provided by insti-
tutions whose objective is to foster public good, but by institutions whose objective is to
maximize profits. They note that the institutional organization of information supply and
incentive schemes in the information market have received little attention in studies.

The Food and Agriculture Organization of the United Nations notes that communica-
tion with the public needs to be in place to avoid rumors leading to food safety perceptions

Table 7. (Continued )

Variable

Model 1 Model 2

DBDC Spike Model DBDC Spike Model

Coefficient
Estimate S.E.

Coefficient
Estimate S.E.

Coefficient
Estimate S.E.

Coefficient
Estimate S.E.

Log likelihood −1104.40 −1342.53 −1075.57 −1296.11

Mean WTP (95 % CI) 2.35 (2.17, 2.56) 3.02 (2.66, 3.45) 2.29 (2.13, 2.49) 2.86 (2.54, 3.25)

Complete
combinatorial test
(Spike
model > DBDC)

0.00*** 0.00***

***1%, **5%, *10% significant levels.
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and consumption disruption (FAO-EMPRES-AH 2021a). In order to help persuade the
voluntary supply of public information, an assurance contract, suggested by Tabarrok
(1998), could be utilized to achieve cooperation among private institutions. For example,
Railey et al. (2019) imposed an assurance contract to address a public good problem
involving infectious livestock disease management. Suppose, for the purposes of this study,
that the provision of public information could be attained if sufficient contributions are
made by private institutions, but private institutions may be incentivized to deviate by
providing slightly misleading information. An assurance contract could be implemented
by assuring the private institutions that others will contribute to the provision, or by
guaranteeing that they will receive some benefit if others do not contribute. As part of
an ASF crisis plan, the government could develop the relationships needed with media
institutions and professionals to provide a consistent message explaining the disease
and reassuring consumers that the pork supply is safe to eat. For example, “No threat
to human health” is a critical piece of information to deliver to those not aware of the
global ASF outbreak and should be prioritized.

The goal of communications in the ASF response plan includes reducing potential
panic and fear, as well as addressing rumors, inaccuracies, and misperceptions as quickly
as possible (USDA-APHIS-VS 2020). While the current effort on public communication
concentrates on the actions taken after an ASF is detected, our results emphasize the
importance of getting ahead of an outbreak and increasing consumer familiarity with
the disease in advance. In this context, media cooperation will be required in proactively
informing the public about ASF outbreaks and highlighting the nonimpact of ASF on
human health and food safety. By examining the effectiveness of different information
used in news reporting, we hope to contribute to the design of a more effective public
communication strategy and to reduce ambiguity in the event of an ASF outbreak.

Supplementary material. To view supplementary material for this article, please visit https://doi.org/
10.1017/age.2022.23
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