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ABSTRACT

Decision-making is critical in the livestock supply chain. Understanding how
producers and consumers make their decisions requires a sufficient understanding of the
process of their decision-making behavior. Based on the processing resources, consumers
or producers’ choices could be affected by different processes: affective process, cognitive
process or both affective and cognitive processes simultaneously. Applying a variety of
experiment methods, this dissertation investigates how producers and consumers make
their choices by exploring how the product attributes, and the characteristics of the
decision-maker, affect consumers and producers’ choice-making behaviors. In the first
essay, | implemented a discrete choice experiment and estimated random parameter logit
models with error component to analyze Chinese consumer willingness to pay (WTP) for
domestic and imported beef flank labeled with the new quality grades and other relevant
beef labels. Results suggest foreign beef producers could compete most closely with
domestic beef if it was labeled as premium quality.

In the second essay, | investigate Chinese consumer WTP for beef from different
countries and the role of ethnocentrism, country image, and product image on the WTP.
Results suggest that foreign beef exporters could promote their beef in China by advertising
in accordance with positive country and product images.

In the third essay, | attempt to determine hog farmers’ motivations to adopt
genomics for breeding hogs that are more resistant to the disease. In doing so | focus on
the impact of their risk preferences and related peer effects that might influence potential
adoption. This case study provides implications for local governments and companies

trying to promote new technologies.



In the fourth essay, | investigate how social influence affects producers’ behavior
under disease outbreak using social network analysis. In particular, I focus on how
information flows during an epidemic such as African Swine Fever. Findings provide
insights into how information flows and how actors communicate during a situation of
crisis. This can be used by stakeholders (1) to disseminate information; and (2) to avoid

the spread of rumors and false information.
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CHAPTER 1
INTRODUCTION
Decision-making is a core issue in the livestock supply chain for producers and consumers.
The main decisions that producers make include, for example, whether to continue
producing a certain product, or whether to adopt new technologies. The latter of the two
questions is highly associated with the production efficiency of a livestock producer since
technology is a main factor in the production function. At the same time, consumers need
to choose which food product to purchase in their daily lives. Their choices are informed
by consumer theory where the fundamental idea is that consumers make a choice based on
their preferences. In other words, consumers always choose the alternative which gives
them the highest utility. Further, the theory of value and random utility theory inform
studies of decision-making (Lancaster, 1966; McFadden, 1974). According to these
theories, consumers’ utility is obtained based on a product’s sub-utilities for its separable
characteristics or attributes. With regards to food, consumers pay attention to a number of
product characteristics, such as, price, quality grade or country of origin (Lusk and
Briggeman, 2009). Moreover, besides the product characteristics, affective processes also
play an important role in consumers’ product evaluation (Tomer, 2017; Grebitus and Van
Loo, 2022). For instance, Verlegh and Steenkamp (1999) divided Country-of-origin (COQO)
effects into three components: cognitive, affective, and normative. The cognitive aspect of
COO labels conveys food quality information to consumers (Grebitus, 2008; Caputo et al.,
2017). The affective aspect refers to symbolic and emotional values that COO labels evoke

in consumers, such as social status and national pride. Social and personal norms related



to COO labels, such as, ethnocentrism and patriotism belong to the normative component
(Ehmke et al., 2008; Verlegh and Steenkamp, 1999).

The livestock supply chain is an important part of the global food system
contributing 40% of the global value of agricultural output and supporting the livelihoods
and food of almost 1.3 billion people (World Bank, 2022). Pork and beef are two main
types of livestock. The USDA (2022) forecasts global pork and beef production in 2023 to
reach 111 million tons and 59 million tons, respectively. Both pork and beef are dominant
animal-protein sources in the Chinese diet. In 2019, Chinese people ate 44,866 metric tons
of pork, covering 45% of the global pork consumption (USDA, 2021). Chinese people also
ate 9,486 metric tons of beef in 2019 meaning that China ranks 2" in beef consumption
globally after the U.S. (OECD, 2019; USDA, 2021). Livestock, including pork and beef,
is also important to other countries, such as, the United States (U.S.). The U.S. is one of
the largest beef exporters in the world, with US beef exports valued at a record $8 billion
in 2018 (U.S. Meat Export Federation, 2019a). That year, beef exports accounted for nearly
15% of total beef production and added $323 per head of fed slaughter (U.S. Meat Export
Federation, 2019b). Given the importance of the livestock supply chain, Chapters 1 and 2
focus on consumer beef choices and Chapters 3 and 4 focus on hog producer decision
making.

Hence, in my dissertation | add to the understanding of how producers and
consumers make their decisions by exploring how the attributes from the product (e.g.,
price, quality grades), and the characteristics of the decision-maker (e.g., risk preferences,

ethnocentrism) affect their choices.



In the first chapter, | estimate consumers’ valuation of a novel beef quality grading
system in China using consumer choice experiments with shelf simulation. To do so, |
explore the willingness to pay (WTP) for beef flank carrying quality grades. In addition, I
test WTP for beef originating from different countries, as well as, beef carrying different
organic labels. Results show Chinese consumers are willing to pay an extra ¥80/kg to
¥100/kg for beef flank carrying a Premium quality grade compared to ungraded beef.
However, consumers discounted Regular graded beef by ¥ -30/kg to ¥ -50/kg compared to
beef without quality grade information. Results also suggest consumers prefer domestic
beef compared to foreign beef from the U.S., Australia and Brazil. More specifically,
results indicate consumers prefer Australian beef compared to beef from Brazil or the U.S.,
and they value US beef similar to Brazilian beef. Moreover, imported beef was valued
higher if it was graded as Premium quality. However, WTP estimates were more negative
for imported beef if it was graded as Regular quality. Results of this chapter could be used
by the Chinese government to modify the new grading system further, and beef producers
and retailers could refer to these results to understand how consumers value such grades
and how to market their products.

The second chapter studies Chinese consumers’ ethnocentrism levels and their
perceptions of major beef exporting countries and beef products from associated countries.
| used a choice experiment to analyze how ethnocentrism and perception affect WTP for
beef from different countries. Results reveal Chinese consumers have heterogenous
preferences for beef based on their perceived image of the beef’s country of origin and beef
safety. Also, the more ethnocentric consumers are, the more they are willing to pay for
domestic beef and the more they discount foreign beef. Furthermore, results indicate that
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consumers are willing to pay a premium for imported beef if they are more in favor of the
country from where the beef originates or perceive the beef from the country of origin as
safer. These results are critical for foreign beef exporters to execute their marketing
strategies. More specifically, beef exporters from the U.S., Australia, and Brazil could try
to attract Chinese consumers by emphasizing positive country or safety images associated
with their country to expand their market share in China and strengthening their exports.

The third chapter investigates hog farmers’ motivations to adopt genomics
technology to prevent African Swine Fever. More specifically, | focused on the impact of
farmers’ risk preferences, attitudes and social networks on genomics adoption. Genomics
technology is used for breeding hogs that are more resistant to African Swine Fever. To
collect my data, | conducted face-to-face interviews with hog farmers in China in 2019.
Results from social network analysis indicate hog farmers’ social network status, such as,
centrality does not affect the time frame to adopt the technology. However, the time frame
that hog farmers prefer to adopt the technology is correlated with their peers’ time frames.
Results also suggest that hog farmers form networks with other farmers who are similar to
them, and share similar attitudes in adopting genomics, as well as having similar risk
preferences. Results from this case study provide implications for local governments and
companies trying to promote new technologies.

In the fourth chapter, I investigate how social influence affects hog producers’
behavior under disease outbreaks using social network analysis. More specifically, the
analysis focuses on how information flows during an epidemic, such as, African Swine
Fever. The results show that hog farmers meet a lot less in person with other hog farmers
and sales agents after an outbreak but use text or phone calls more often. Interestingly, the
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frequency of face-to-face meetings with veterinarians remains the same, which suggests
that the desire to have less face-to-face meetings is replaced with the demand for more help
from veterinarians regarding hog health. The findings provide insights into how
information could be disseminated more effectively and efficiently. Local governments
could use these results to disseminate important information to hog producers and avoid
the spread of rumors and false information in an effective and efficient way.

The final chapter summarizes my empirical findings and provides implications of
my research. My findings contribute to the understanding of how consumers and producers
make their choices in the livestock supply chain. In particular, my results shed light on how
the attributes of the product and the characteristics of the decision-maker affect their
behavior. Findings of my dissertation not only offer implications to the government on
promoting new food labels and technologies, but also provide insights to food retailers on
expanding their business in the food market. Finally, I provide suggestions for future work
emphasizing effects of psychological processes, such as, ethnocentrism on product

valuation, and generalizing my empirical results to other food sectors.



CHAPTER 2
CONSUMER PREFERENCES FOR BEEF QUALITY GRADES ON IMPORTED AND
DOMESTIC BEEF

2.1. Introduction
Food certifications play a critical role in providing quality-related information to
consumers, and decreasing information asymmetry between consumers and producers
(Balogh et al., 2016; Caswell and Mojduszka, 1996). Governments often assist in making
information accessible to consumers, for example, by creating and regulating food labeling
programs (Caswell and Mojduszka, 1996). In China, rising incomes have led to an
increased demand for food quality (Xinhua News, 2019; Zipser and Poh, 2021; Leung et
al., 2020; Gale and Huang, 2007). Therefore, over the past decade the Chinese government
has instituted several quality grade systems for food products in an attempt to improve the
quality of agricultural products (Nie et al., 2020; Nie et al., 2021). However, many of these
quality grade systems have not been well adopted in the retail market for various reasons,
including insufficient market demand and ineffective regulation (Nie et al., 2020; Nie et
al., 2021).

China did not begin researching a quality grade standards system for beef until 2000
(Chen et al., 2012). In an evaluation of domestic beef, Zhou (1998) concluded that the
Chinese Ministry of Agriculture and Rural Affairs needed to develop a universal beef grade
system similar to the United States Department of Agriculture (USDA) beef grading
system. In 2003, China implemented their first beef quality grade system and modified this
in 2012 (National Public Service Platform for Standards Information (NPSP), 2021b).
However, similar to other Chinese quality grade programs (Nie et al., 2020; Nie et al.,
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2021), most retail beef is currently not labeled with quality grades due to complications
with implementation (NPSP, 2021b). Therefore, this policy is currently undergoing another
revision which was drafted in April 2020, was approved in August 2021, and will soon be
implemented (NPSP, 2021a). According to the Chinese Ministry of Agriculture and Rural
Affairs, this updated version will make carcass grading more consistent with beef quality
grading systems in the United States, Australia, Japan, and South Korea with the objective
of incentivizing high quality domestic beef production in China (NPSP, 2021b). The goal
of this research is to evaluate this policy and its implications by estimating Chinese
consumer preferences for this beef quality grade system.

Beef is an important emerging animal protein source in China, partially because of
improved Chinese incomes (Gale and Huang, 2007; Beef Magazine, 2021). From 2018 to
2019, overall Chinese beef consumption increased by 13% and reached 8.8 million metric
tons (MTs), ranking second in the world after the United States (US) (USDA, 2022). By
2021, beef consumption increased further and reached 9.8 million MTs (USDA, 2022)
(Figure 2.1). Chinese per capita beef consumption increased from 3.6 kg in 2018 to 4.1 kg
in 2021 (OECD, 2021). This 14% increase in per capita consumption marked a large
increase in the last three years and was partially motivated by the outbreak of African
Swine Fever (ASF) which dampened pork sales in 2018 (USDA, 2019). It is anticipated
that the demand for beef in China will continue strongly into the future (Beef Magazine,
2021).

While beef consumption has increased steadily in China, the domestic production of beef
has remained constant at around 6.8 million MTs (USDA, 2022) (Figure 2.1). Thus,
Chinese beef imports are responsible for satisfying the increased Chinese demand for beef
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and have expanded from being a negligible amount prior to 2013 to 3 million MTs in 2021
(USDA, 2022) (Figure 2.1). China is the largest beef importer in the world and now the
destination for 30% of the world’s beef exports; a percentage which has grown for the ninth
consecutive year since 2012 (USDA, 2022). Provided the recent growth of the Chinese
beef market, it is important to understand the factors affecting Chinese consumer demand
for both domestic and imported beef.

12,000

10,000

8,000

6,000

4,000

In 1,000 Metric Tons

2,000

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
-t Domestic Production = Imports

Figure 2.1. Chinese Beef Production and Imports Quantities from 2009 to 2021
Notes: Consumption= Production + Imports (USDA, 2022)

Against this background, the goal of this study is to determine how the Chinese
beef quality grade system will affect Chinese consumer preferences for beef in a retail
environment. To accomplish this, we will use a shelf-simulation choice experiment to elicit
Chinese consumer willingness to pay (WTP) for beef labeled with varying quality grades.
China imports a large share of beef (USDA, 2022); therefore, we also consider how beef
quality affects Chinese consumer preferences for imported beef. Additional quality-
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relevant cues (e.g., Green Food label, Organic label) are included in the choice
experimental design given previous research has found that they affected Chinese
consumer preferences for beef (Ortega et al., 2016).

The beef product used in the choice experiment is beef flank because it is one of
the primary beef products consumed in China. The different quality grades used to regulate
beef flank are “Premium” and “Regular”. Premium signifies the highest quality beef
product while Regular signifies a slightly lower quality product. This study will contribute
to the literature by analyzing the effectiveness of quality grade systems in China and by
analyzing how Chinese demand for foreign beef is influenced by beef quality.

Previous research has primarily evaluated Chinese consumer preferences for pork
(Ortega et al., 2017; Yu et al., 2014; Ortega et al., 2011) but more recently has also
examined Chinese consumer preferences for beef (Lin et al., 2020; Ortega et al., 2016). Lin
et al. (2020) conducted a choice experiment and found that Chinese beef consumers were
willing to pay a premium for beef flank with a blockchain traceability label. They also
found that Chinese consumers were willing to pay more for Australian beef than domestic
beef but were not willing to pay premiums for Canadian or US beef. Ortega et al. (2016)
found that Beijing consumers were willing to pay more for beef quality indicator labels,
such as, Organic certification and the Green Food label. They also found that Chinese
consumers would pay more for Australian beef than domestic or US beef. While these
studies have examined aspects of Chinese consumer preferences for beef, this study
contributes to the literature by examining Chinese consumer preferences for beef quality

grades and how beef quality impacts demand for imported beef.



2.2. Previous Literature on Quality Grades
Previous research has investigated Chinese consumer preferences for quality grades for
apples (Nie et al., 2021) and rice (Nie et al., 2020). Nie et al. (2021) conducted a choice
experiment to determine Chinese consumer WTP for quality graded Fuji apples. They
found consumers had significant and positive WTP estimates for Fuji apples labeled as
“Super” and “Good”, with apples labeled as “Super” receiving the highest WTP. Nie et al.
(2020) did a general survey of Chinese consumers to elicit their knowledge about an
existing rice grading system. They found that consumer trust and knowledge of the rice
grading system affected consumer concerns regarding quality grades in their purchasing
decisions. With respect to Chinese beef quality grades, Liang et al. (2016) did a sensory
analysis to determine how taste ratings for fattened yellow crossbred steers corresponded
with quality grades. They found that taste ratings increased as quality grade level increased.
To the best of our knowledge, these studies are the only articles examining Chinese
consumer preferences for quality grades. Thus, this research will contribute to the literature
by evaluating Chinese consumer WTP for beef labeled with different quality grades.
Outside of China, several studies have investigated how quality grade information
affects consumer WTP for meat. Abidoye et al. (2011) and Palma et al. (2018) found that
US consumers were willing to pay more for USDA Choice beef than for the USDA Select
beef. With regards to quality grading, research by Chung et al. (2009) suggested that
Korean consumers were willing to pay a premium for the marbling of beef either graded
as extra premium, premium, or Grade A compared to Grade C marbled beef. Lusk et al.
(2018) found that pork quality grade information could increase pork chop sales. Merritt et
al. (2018) stated that US consumers were willing to pay a premium for beef steak carrying
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a Master Quality Raised Beef label. Research by Lewis et al. (2017) indicated that
consumers in the UK and Germany were willing to pay more for beef with the “Little Red
Tractor” and “Quality and Safety” quality assurance seals, respectively. Balcombe et al.
(2016) found UK consumers were willing to pay more for beef steak carrying an
International quality label. Given that consumers typically are willing to pay more for
superior quality beef, we hypothesize that Chinese consumers will pay more for domestic
and foreign beef that is of superior quality.

2.3. Methodology

2.3.1. Study Design

To elicit Chinese consumers’ WTP for imported and domestic beef with varying quality
information we surveyed 560 consumers in the three major Chinese cities Beijing,
Shanghai, and Guangzhou in the summer of 2021. We focused on these cities because they
are considered to be three of the most economically important cities in China (Deloitte,
2010; Bin, 2021). The survey instrument was pre-registered on aspredicted.org. The study
was considered exempt by the ethics board (IRB) of a large Southwestern University in the
U.S. The survey was programmed in Qualtrics and data were collected through Qualtrics.
2.3.2. Choice Experiments

To elicit Chinese consumer WTP for the new beef quality grades, we used choice
experiments as they remain one of the most widely used techniques to analyze stated
preferences in ex-ante studies, where new products and attributes are introduced to the
market. In applying choice experiments, respondents are asked to choose their most
preferred alternative from several products and one “none-0f-these” option in each choice
task. Each alternative is composed of several attributes characterized by different levels.
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The beef product investigated was beef flank ("4-f" in Chinese), because it is one of the

most common beef cuts in China. The attributes included in the choice experiment appear
in Table 2.1 and include: price, country of origin labels (COOLSs), Chinese quality grades,
and other relevant government regulated labels.

Table 2.1. Attributes and Attribute Levels in the Choice Experiment

Attribute Price / kg Country of origin ~ Quality grade ~ Government
Programs
Level 56 Yuan / kg China Premium Organic
(FE) (k) (BEVRmM)
86 Yuan / kg us Regular Green-Food*
(H) (ERR) (ZERMm)
116 Yuan/ kg Australia No label No label
CGRAFIIL)
146 Yuan / kg Brazil
(EEF)

The price levels were chosen based on market observations and beef prices from
the Beijing Municipal Price Supervision Center (2021). Following the most recent Chinese
quality grade guidelines, the two quality grade labels for beef flank are Premium and
Regular (NPSP, 2021c). The Premium quality grade signifies a specific lean coloring, and
it must have marbling. To qualify as Regular, the beef flank must constitute a specific lean
color (which is of lower quality than the lean color required for the Premium grade) and
does not require any marbling (NPSP, 2021c). The countries included in the choice
experiment are China, the US, Australia, and Brazil. Brazil was included since they are
consistently the largest beef exporter to China and accounted for 41% of the value of

Chinese beef imports in 2020 (China Customs Statistics, 2021). Australia was chosen since

! Similar to the Organic label, the Green-Food label is widely used in many food products in China, such
as, beef, rice, milk.
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they accounted for nearly 15% of the value of China’s beef imports in 2020 and are
typically the second or third largest beef exporter to China. The US was included since
China reopened their market to US beef imports in 2017 following a BSE-related ban that
began in 2003 (Reuters, 2020). The US, while only accounting for two percent of China’s
beef imports in 2020, is an important emerging supplier of beef. For example, through
October 2021, the US had supplied China with 10% of the value of their 2021 beef imports
(China Customs Statistics, 2021). The choice experimental design utilizes interaction terms
between each country and each quality grade to examine how the quality of foreign beef
influences Chinese consumer preferences.

In terms of other relevant Chinese government regulated labels, we follow Ortega
et al. (2016) and include the Green Food and Organic labels (Figure 2.2). The Chinese
government manages a two-level food certification system to ensure food safety: Green
Food Certification and Organic Food Certification (Yu et al. 2014). Green Food is a unique
certification in China, managed by the Chinese Green Food Development Center under the
Ministry of Agriculture and Rural Affairs. Green Food certification is widely used in many
Chinese food products including beef, rice, milk, and tea. The Chinese government realized
that most food products in China, a developing country, cannot adhere to the stringent
standards of organic food elsewhere. Hence, they developed a less stringent certification
that includes limited use of pesticides, chemical fertilizers, and other chemical inputs to
fulfill market demand (Yu et al., 2014). The official definition of Green Food is as follows:

“Under strict supervision, control and standard production in production,
processing, packing, storage and transportation, Green Food adopts the whole-some quality
control from farm to table, while it requires reasonable applications of inputs, including
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pesticides, fertilizers, veterinary drugs and additives etc., to prevent any pollution of toxic
and harmful matters to produce and process food so as to ensure environmental and product
safety” (China Green Food Development Center, 2011).

The Organic food label is the most stringent organic certification in China, and has
a similar definition and standard as other countries. On January 1st, 2020, China
implemented revised organic certification rules and updated the 2011 published national
standard for organic products (USDA, 2019). The new organic standard includes changes
to production and processing inputs, such as, adjusting lists of food additives, and changing
the requirements for labeling organic conversion products (USDA, 2019). Before
answering each choice task, participants were provided with definitions of all attributes
and received a description of the different proposed quality grades. This information

appears in the appendix (see appendix A, Information sheet for participants).

Green Food Label Organic Label

£ >

%
PERE

Figure 2.2. Green Food and Organic Labels

To display the choice tasks, shelf simulation of packages containing 1.150 kg of

beef flank were used. Each choice task contained premium photographs of three
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alternatives of beef flank characterized by the attributes. Participants had to choose either

one of the three beef flank options (see Figure 2.3 for an example) or neither of the options.
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Figure 2.3. Example Choice Task
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To create the choice tasks, an efficient experimental design following Street and
Burgess (2007) was programmed using NGene (ChoiceMetrics, 2021). To create the
efficient design, a sequential-stage approach was utilized following Scarpa, Campbell and
Hutchinson (2007a) and Scarpa et al. (2013). In the first stage, an Optimal Orthogonal in
the Differences (OOD) choice experimental design was created with 36 choice tasks.
Participants from a pretest completed these choice tasks and this data was used to estimate
a multinomial logit (MNL) model. In the second stage, the coefficient estimates from the
MNL model in the pretest were included as prior information to generate an efficient design.
In addition, priors for the interaction terms were included following a uniform distribution
from -0.5 to 0.5. The efficient design minimizes the standard errors of the parameter
estimates by using the prior information on the parameters from the pretest (ChoiceMetrics,
2021). The chosen efficient design was selected because it had the lowest D-error, which
indicates it is the most efficient given the number of choice tasks and blocks
(ChoiceMetrics, 2021).

The final efficient design resulted in 36 choice tasks grouped into three blocks with
12 choice tasks in each block. Only one randomly chosen block with 12 choice tasks was
presented to each respondent to avoid fatigue effects (Bradley and Daly, 1994; Savage and
Waldman, 2008; Hess et al., 2012). The order of the 12 choice tasks in each block was
randomized to avoid ordering effects (Carlsson et al., 2012). Prior to making the choices,
we provided a cheap talk script to reduce hypothetical bias (Lusk, 2003; Tonsor and Shupp,

2011).
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2.3.3. Random Parameters Logit Model
The random parameter logit (RPL) model was used to analyze the choice experiment data.
We used the RPL, or mixed logit model, because it allows for random taste variation,
unrestricted substitution patterns, and correlation in unobserved factors over time (Train,
2009). The derivation of the RPL begins by assuming a linear form of the utility function
for individual i choosing beef alternative j at time t:

Uije = Bi * Xije + €t (1)
where Xijj are independent and observed factors associated with beef alternative j and

individual i at time t including COOLs, price, quality grades, and organic labels. €, is an

unobserved random error term that is assumed to be independently and identically
distributed and follows the Gumbel distribution. g; is a vector of coefficients of different
beef attributes for individual, i, representing their tastes. g; is a vector of random variables
with density function of f(5i | #), while 6 represents the parameters with respect to the
density function. For example, & represents the mean and variance if ; is normally
distributed. Following Train (2009), the probability of individual i choosing alternative j
is:

ePiXijt

Pje=[ fpap (2)

xjefi¥ije

All parameters except price are assumed to be independent normally distributed
while the price coefficient is assumed to be fixed for all individuals in order to guarantee
that the WTP for each non-price attribute has the same normal distribution. The RPL model
was estimated through the simulated maximum likelihood method with 500 Halton draws

following Train (2009).
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2.3.4. RPL Model with Error Component

In addition to estimating the RPL model, we also estimated a RPL model with an error
component (RPL-EC) following Scarpa et al. (2005a) and Scarpa et al. (2005b). The RPL-
EC model takes into account any heteroskedasticity that may be caused by the presence of
the none-of-these options appearing in each choice task compared to only a subset of
product attributes appearing in each choice task following the experimental design (Caputo
et al., 2013). Since the RPL-EC takes this into consideration, previous studies have found
that the RPL-EC model has an improved model fit (Scarpa et al., 2007b; Scarpa and Rose,
2008; Caputo et al., 2013; Van Wezemael et al., 2014).

Similar to the RPL model, the derivation of the RPL-EC model begins by setting
up the utility function for individual i choosing beef alternative j for time period t as:

Uije = Bi * Xije + Iimij + €3¢ (4)
where the variables are the same as in equation (1) but the parameter 7;; is an additional
zero mean error component to capture the possible heteroskedasticity which may exist due
to the presence of the none-of-these options in each choice task.

By assuming that all taste parameters in ; follow the normal distribution, and the
price coefficient is non-random, the unconditional probability after integrating over both
B; and n based on the distributions f and t for the RPL-EC is:

Pije = [ [ Ly(Bumdt(m)f (BdB:dn (5)
2.3.5. Utility Function
Respondents completed 12 choice tasks, where the beef flank alternatives were labeled
with different attribute levels. Thus, the indirect utility function we estimated for the RPL

and RPL-EC models is specified as follows:
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Uije = BpPrice;j; + B1Bra;j + BaAus;jr + B3USA;jr + BaPremium,j;

+BsRegular;j + BsOrganic;j; + B;GreenFood,;; + BgNone;j; + €;; (6)
where 3,, is the price coefficient and ,_ are the coefficients for all attribute levels, which
are varying over individual i. Bra, Aus, USA are three dummy variables equal to one if the
beef flank was labeled as originating from Brazil, Australia, or the US, respectively and
zero otherwise. The base country omitted was China; thus, all COOLs were compared to
China. Premium and Regular are two dummy variables that take the value of 1 if the beef
flank carried the Premium or Regular quality grade, respectively, and zero if the quality
grade was not present. Organic and Green Food are dummy variables equal to 1 if the
Organic or Green Food label was presented on the beef flank package, respectively, and
zero otherwise. Bg is a dummy variable equal to 1 if the respondent chose the “None of
these” option, 0 otherwise. ¢;;, is a random error term following the Gumbel distribution

and specific to each consumer i. The indirect utility function estimated in the RPL-EC
model is modified by changing the ¢;;, in Equation (6) to I;n;; + €;;, in order to capture
the potential heteroskedasticity due to the none-of-these option being in each choice task.
Since the RPL-EC model is hypothesized to have a better goodness of fit than the RPL
model, we proceed with RPL-EC to estimate the models that include the interaction effects.

In this model specification, we include interaction terms between COOL and the
Premium and Regular Quality grades. Due to collinearity issues, we could not estimate the
full interaction model. Therefore, two separate interaction models are estimated: the RPL-
EC model with the Premium quality grades interacted with COOL (EC-PRE) and the RPL-
EC model with the Regular quality grades interacted with COOL (EC-REG). The following

equation was estimated for the EC-PRE model:
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Uije = BpPrice;j; + B1Bra;j + BaAus;jr + B3USA;jr + BaPremium,j;
+BsRegular;j + BsOrganic;j; + B;Greenfood;j: + BgBra * Premium,;
+BoAus * Premium;j; + B1oUSA * Premium,j, + By None;je + I + €5 (7)
Similarly, the following equation was estimated for the EC-REG model:
Uije = BpPrice;j + B1Bra;je + BrAus;jr + B3USA;jr + BoPremium;;
+BsRegular;j + BsOrganic;j; + B;Greenfood;;, + BgBra * Regular;j;
+BoAus * Regularij; + B1oUSA * Regularyj, + By None;j: + Iin;j + € (8)
where Bg, By, B1o in both Equations (7) and (8) are the coefficients for the interaction terms.
Bra * Premium;, is a dummy variable that takes the value of 1 if both “Brazil” and

“Premium” labels are present on the beef package, and 0 otherwise. All other interaction
variables were generated accordingly. All models (RPL, RPL-EC. EC-PRE, and EC-REG)
were estimated using the software NLogit 6.0 with 500 Halton draws.

2.3.6. Willingness to Pay Calculation

The WTP for each attribute is calculated by dividing each attribute coefficient g, by the
negative of the price coefficient g, such that WTP, = B,/(—PB,). The variance of the

WTP of each attribute is calculated following Daly et al. (2012):

2
Var(WTP,) = (‘;—’;) (% + Z—ZQ’ -2 —ﬁ”p) 9)

where f; is the estimated parameter of the specific attribute, 5, is the price coefficient, and
Wik, Wpp and wy,, are the variance and covariance for the respective parameter estimates

(Printezis and Grebitus, 2018). The interaction WTP is calculated following:

_ (Biy By By ky)

WTPy ., = y (10)
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where f3, is the price coefficient and Sy y, is the coefficient for the interaction term, which

is either g, By Or 1o In equations (7) and (8). The variance of the interaction WTP is

calculated following Syrengelas et al. (2018):

2
Var(WTPklkZ) = (— B_lp) [Wklkl + szkz + Wimm + Z(szkl + ka1 + kaz)] +

1 (Biy +Biy+Bm Bic, +Bi, +Bm 2
<_ B_p> ( 1(_[3:)2 ) [Z(ka1 T Wpk, + me)]+ (W) Wpp (11)

where By , Pk, are the estimated parameters of the specific attributes and S, is the
coefficient for the interaction term, which is either g, B9 Or 31, In equations (7) and (8).
Wi,k » Wik, Wpp aNd wp,,, are the variances and wy ,, Wpk, » Wpk, and wy, are the
covariances for the respective estimated parameters. The variance of the WTP of each
attribute is calculated to determine whether the WTP is significant.

To further verify the results, WTP estimates and associated confidence intervals
were also calculated using the Krinsky and Robb bootstrapping parametric method
(Krinsky and Robb, 1986). Krinsky and Robb’s method created the confidence interval of
WTP estimates by using means and covariance matrix of the coefficient estimates. The

equation to calculate the new parameter estimate is as follows:

b=B+C'Z (12)
where B is the coefficient estimate, C’ is the Cholesky decomposition of the variance-
covariance matrix of 8, such that C * C' = Vg and Z is the random draw from the standard
normal distribution with mean 0 and variance 1. Hence, the new vector b will follow the
multivariate normal distribution with means £ and the variance V3. By taking 1000 draws
of Z, we can obtain the confidence interval of b and then calculate the WTP.
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2.4. Empirical Results

2.4.1. Sample Characteristics

Participants for the Qualtrics online survey were recruited from Beijing, Shanghai and
Guangzhou. Respondents had to consent to participate in the survey and only beef eaters
who were at least 18 years old were surveyed. Table 2.2 presents the summary statistics
for the characteristics of the full sample. Forty-seven percent of the respondents were male
and 53% were female. Ten percent of respondents were in the age category 18-24 years,
34% in the category 25-34 years, 32% in the category 35-44 years, 11% in the category 45-
54 years, and 10% of respondents indicated being older than 55 years. Thirty-seven percent
of the respondents lived in Beijing, 41% in Shanghai and 21% in Guangzhou. About 17%
of the sample had an income of less than ¥15,000 per month, 31% of ¥15,000 -¥21,000,
26% of ¥21,000 -¥25,000, and 24% had an income of more than ¥25,000 per month.
Roughly 79% of the respondents had at least a bachelor’s degree, which is higher than the
Chinese average. Also, respondents were younger compared to the population (census data).
However, this is consistent with Lin et al. (2020) whose sample was also highly educated
with 85% of respondents having at least a bachelor’s degree and younger respondents being
moderately over-represented. This high percentage of educated and younger consumers
can be partially explained with the fact that participants had to have a computer and internet
access to take the survey, and younger respondents might be more willing to participate in

an online survey.
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Table 2.2. Sample Characteristics

Variable Sample China census Variable Percentage China
Percentage data?® (City) census data
Gender Education level ©
Male 46.61% 50.73% Below Bachelor 20.89% 73.92%
Female  52.86% 49.27% Bachelor degree 68.58% 20.32%
Other 0.01% Master degree and  10.54% 5.75%
higher
Age Household income
18-24y  10.18% 12.33%" Less than ¥15k 17.20%
25-34y  34.46% 18.16% ¥15Kk - ¥21k 31.90%
35-44y  32.68% 15.71% ¥21k - ¥25k 26.52%
45-54y  11.79% 15.98% Above ¥25k 24.37%
55-64y  9.64% 11.36% City
65 and 1.25% 10.78% Beijing 37.68%
older
Shanghai 41.07%
Guangzhou 21.25%

& Source: China Statistical Yearbook (2021).

b This is the percentage for 15-24 years old.

¢ The percentage for education level is only counting the population from Beijing and
Shanghai.

2.4.2. Chinese Consumer Preferences for Beef

Table 2.3 reports the estimated parameters for the RPL, RPL-EC, EC-PRE, and EC-REG
models, respectively. Four observations had to be excluded from the data set due to missing
values in the choice experiment leaving a total of 556 valid responses. As expected, the
AIC had the lowest value and the highest simulated log-likelihood in the RPL-EC
compared to the RPL model which indicates that the RPL-EC performed better than the

RPL model. Also, the standard deviation of the additional error component term (I;z;;) in

the RPL-EC, EC-PRE, EC-REG models was statistically significant (p <0.01), which
indicates that it was important to account for this error structure. Therefore, only results

from the RPL-EC, the EC-PRE and the EC-REG models will be discussed.
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As expected, the price coefficient is significant and negative (p<0.01), indicating
that as the price of beef flank increases, consumers are less likely to purchase it. The
coefficient for the none-of-these option is also negative and statistically significant
(p<0.01), which indicates consumers obtain higher utility from selecting beef flank
compared to not choosing beef flank. The significant and negative coefficients for all
COOL coefficients (p<0.01) indicate consumers are less likely to choose beef flank from
foreign countries compared to beef produced in China.

Respondents preferred beef flank carrying the Premium quality grade compared to
ungraded beef flank. However, the coefficient estimate for the Regular quality grade is
significant and negative (p<0.01), indicating that consumers have negative utility for
Regular graded beef flank compared to ungraded beef flank. The larger standard deviations
for Premium quality in all models compared to Regular quality indicate a greater
heterogeneity in preferences for the Premium quality grade compared to the Regular
quality grade. Consumers prefer Organic and Green Food beef flank compared to beef
flank without this information. Notably, consumers prefer the Green Food label more than
the Organic label, even though the Organic label follows more stringent production
methods.

All standard deviation coefficients were significant indicating that consumers had
heterogeneous preferences for all attribute levels.

In the EC-PRE model, the interaction coefficient between Brazil and Premium was
significant and positive (p<0.10). This indicates that consumer utility increased for
Brazilian beef of superior quality. All other interactions between COOL and quality grades
were not significant. However, the standard deviations for all interaction terms in both EC-
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PRE and EC-REG models were all significant (p<0.05) indicating preference heterogeneity
for foreign beef with quality grade information.

Table 2.3. Results from RPL and RPL-EC Model

RPL RPL-EC EC-PRE EC-REG
Price -0.01*** -0.01*** -0.01*** -0.01***
(0.00) (0.00) (0.00) (0.00)
Brazil -0.98*** -1.06*** -1.11%x* -1.08***
(0.06) (0.08) (0.10) (0.09)
us -0.97*** -1.09*** -1.15%** -1.09%**
(0.07) (0.10) (0.11) (0.10)
Australia -0.57*** -0.68*** -0.69*** -0.70***
(0.07) (0.10) (0.11) (0.10)
Premium quality 0.79*** 0.83*** 0.76*** 0.85***
(0.07) (0.08) (0.10) (0.08)
Regular quality -0.31*** -0.35*** -0.36*** -0.38***
(0.05) (0.06) (0.06) (0.09)
Organic label 0.43*** 0.49*** 0.49*** 0.48***
(0.05) (0.06) (0.06) (0.06)
Green Food label 0.52*** 0.61*** 0.63*** 0.63***
(0.05) (0.06) (0.06) (0.06)
None-of-these -5.08*** -5.92%** -5.48*** -5.47x**
(0.29) (0.45) (0.34) (0.35)
Brazil*Premium 0.19*
(0.10)
Australia*Premium 0.01
(0.112)
US*Premium 0.12
(0.112)
Brazil*Regular 0.04
(0.13)
Australia*Regular 0.04
(0.12)
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US*Regular 0.02
(0.12)
Standard deviations of parameter distributions
Brazil 0.86*** 1.54%** 1.61%** 1.59%**
(0.07) (0.09) (0.11) (0.10)
us 0.94*** 1.77%** 1.85%** 1.73***
(0.08) (0.12) (0.13) (0.11)
Australia 0.90*** 1.66*** 1.78*** 1.64%**
(0.09) (0.12) (0.12) (0.12)
Premium quality 0.76*** 1.03*** 0.92*** 1.09***
(0.07) (0.17) (0.17) (0.17)
Regular quality 0.54%*** 0.53%** 0.60*** 0.58***
(0.08) (0.18) (0.09) (0.14)
Organic label 0.45%** 0.77%** 0.81*** 0.79***
(0.06) (0.14) (0.15) (0.10)
Green Food label 0.40*** 0.64*** 0.67*** 0.68***
(0.07) (0.10) (0.11) (0.09)
Brazil*Premium 0.38***
(0.13)
Australia*Premium 1.15%**
(0.19)
US*Premium 0.64***
(0.16)
Brazil*Regular 0.32**
(0.15)
Australia*Regular 0.49***
(0.15)
US*Regular 0.45**
(0.19)
Error-component 3.65%** 2.95%** 3.04%**
(0.33) (0.26) (0.24)
None-of-these 2.57***

(0.19)
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N 6,672 6,672 6672 6672

LL -7,128.26 -6,837.01 -6811.81 -6827.95
AIC 14,290.5 13764.0 13779.6 13811.9
Note: *** ** * indicate significance at 1%, 5%, 10% level, respectively. Standard

Errors in parentheses.

2.4.3. Chinese Consumer WTP for Beef

Chinese consumer WTP estimates from the EC-PRE and EC-REG models are presented in
Table 2.4. The significance of the WTP estimates was calculated following Syrengelas et
al. (2018) and Krinsky and Robb (1986). Results from both methods were essentially
identical.

As depicted in Table 2.4, Chinese consumers favored domestic beef compared to
beef from Australia, Brazil or the US. US and Brazilian beef were least preferred at around
-¥130/kg, or $-9.21/Ib (p<0.01), compared to domestic beef. Australian beef is the least
discounted foreign beef at -¥80/kg or $-5.66/Ib (p<0.01). Chinese consumers were willing
to pay 90 Yuan (¥)/kg, or roughly $6.20/Ib, more for Premium quality grade beef flank
compared to ungraded beef flank (p<0.01). Compared to ungraded beef flank, consumers
discounted Regular quality grade beef flank by ¥-42/kg, or $-2.94/1b (p<0.01). Consumers
would pay ¥57/kg ($4.01lb) and ¥73/kg ($5.17Ib) more for Organic and Green Food
labeled beef flank, respectively (p<0.01).

Table 2.4 also shows the WTP estimates and standard errors for the interaction
terms between the COOLs and quality grades. The WTP estimates for the interaction terms
between COOL and quality grades generate an estimation of how beef quality affects
Chinese consumer preferences for foreign beef. Results show that the WTP for foreign beef

graded as Regular quality is much lower compared to beef only labeled for COOL ranging
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from around -¥170/kg for Brazil and US beef to -¥123/kg for Australian beef (p<0.01). On
the other hand, foreign beef carrying the Premium quality grade would have the potential
to increase foreign beef demand. For example, consumers in China would discount US beef
if it was graded as Premium by only -¥31/kg (p<0.10), an increase of nearly ¥100/kg
compared to when it does not contain quality information. While still being slightly

discounted, this result indicates that consumers prefer foreign beef more if it is of superior

quality.
Table 2.4. Mean WTP Estimates for Each Attribute

EC-PRE EC-REG
In ¥ /kg In$/1b In ¥ /kg In$/ Ib

Brazil -127.30%** -9.02  -126.90*** -8.99
(14.74) (14.37)

Australia -79.89*** -5.66  -82.83*** -5.87
(15.15) (14.68)

us -132.43*** -9.39  -128.91*** -9.15
(16.12) (15.59)

Premium quality 87.49%** 6.20 100.70*** 7.14
(14.60) (13.06)

Regular quality -41.52%** -2.94 -45.19*** -3.20
(8.21) (11.95)

Organic label 56.52%** 401  57.06*** 4.04
(8.67) (8.85)

Green Food label 72.97%** 517  73.82*** 5.23
(9.02) (9.30)

Brazil*Premium -18.53 -1.31
(15.01)

Australia*Premium  -8.97 -0.64
(20.82)

US*Premium -31.19* -2.21
(19.28)
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Brazil*Regular -167.64*** -11.88

(10.13)

Australia*Regular -123.07*** -8.72
(6.89)

US*Regular -171.86*** -12.18
(9.20)

Note: *** ** * indicate significance at 1%, 5%, 10% level, respectively. All WTP
estimates were converted from Yuan/1.15 kg to Yuan/kg. The exchange rate at the time
of this study was 1 US dollar = 6.40 RMB (¥). 1 Ib=0.4536 kg. Standard Errors in

parentheses.

2.4.4. Chinese Consumer WTP for Beef across Cities

Tables 2.5 and 2.6 show WTP estimates based on the EC-PRE and EC-REG models by
city. The direction of all WTP estimates and associated significance levels are consistent
with the full sample results. However, the magnitude of WTP estimates vary by city.
Consumers in Guangzhou discounted US beef the least at -¥93/kg and consumers in Beijing
discounted it the most at -¥188/kg (Table 2.5). Brazilian beef was discounted the least in
Shanghai at -¥120/kg and discounted the most in Beijing at -¥162/kg (Table 2.5).
Australian beef was discounted the least in Shanghai at -¥55/kg and consumers in Beijing
discounted it the most at -¥125/kg (Table 2.5). Compared to consumers from Beijing and
Shanghai, respondents from Guangzhou discounted US beef the least and were willing to
pay the most for beef flank graded as Premium. Australian beef was less discounted in
Shanghai and Guangzhou compared to Beijing. In general, Beijing consumers were more
opposed to imported beef compared to shoppers from Shanghai and Guangzhou. WTP

estimates for the quality grades, as well as Organic and Green Food labels, were mostly
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consistent across cities. The most variation in WTP estimates across cities occurred for
imported beef, especially for Australian and US beef.

With respect to imported beef with quality information, it was found that Brazilian
and US beef were much less discounted by consumers in Beijing and Shanghai if it also
carried a Premium quality grade (Table 2.5). In Guangzhou, if Australian beef was labeled
as Premium, it was actually preferred compared to domestic beef (p<0.10). Meanwhile,
WTP estimates for Regular quality imported beef were consistently negative across all
cities (Table 2.6), with Beijing consumers having the most negative WTP for imported

Regular quality beef from Australia and the US relative to the other cities.
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Table 2.5. Mean WTP Estimates of EC-PRE Model for Each Attribute by City

Beijing Shanghai Guangzhou

In ¥ /kg In$/Ib  In¥/kg In$/Ib  In¥/kg In$/Ib
Brazil -161.70*** -11.46 -120.02***  -8.51 -128.56*** -9.11
Australia -125.11*** -8.87 -54.64** -3.87 -74.81*** 530
UsS -188.28*** -13.34 -117.76***  -8.34 -92.91*%**  -6.58

Premium quality — 82.42***  5.84 89.38*** 6.33 97.02*** 6.88

Regular quality -31.46***  -2.23 -50.39***  -3.57 -38.63***  -2.74

Organic label 58.68***  4.16 65.04*** 4.61 49.95*** 3.54
Green Food label  72.91*** 517 86.47*** 6.13 67.88*** 481
Brazil*Premium  -50.66** -3.59 -21.54** -1.53 2.50 0.18
Australia*Premium -42.91 -3.04 27.17 1.93 48.58* 3.44
US*Premium -75.50** -5.35 -31.94***  -2.26 18.88 1.34

Note: *** ** * indicate significance at 1%, 5%, 10% level, respectively. All WTP

estimates were converted from Yuan/1.15 kg to Yuan/kg. The exchange rate at the time

of this study was 1 US dollar = 6.40 RMB (¥). 1 Ib=0.4536 kg. Standard Errors in

parentheses.

Table 2.6. Mean WTP estimates of EC-REG model for each attribute by city

Beijing Shanghai Guangzhou
In$/
In ¥ /kg In$/Ib In ¥ /kg In$/ b In ¥ /kg b
Brazil -162.35*** -11.51 -122.81***  -8.70 -08.24*** -6.96
Australia -128.71*** -9.12 -53.87** -3.82 -55.55** -3.94
us -173.25*** -12.28 -126.45***  -8.96 -78.06*** -5.53
Premium quality 98.34***  6.97 96.89*** 6.87 112.07*** 7.94
Regular quality ~ -47.68***  -3.38 -48.01** -3.40 -35.75** -2.53
Organic label 54.41***  3.86 70.68*** 5.01 43.79%** 3.10
Green Food label 72.84***  5.16 88.55%** 6.28 60.35*** 4.28
Brazil*Regular ~ -168.64*** -11.95 -178.09***  -12.62 -175.96***  -12.47
Australia*Regular -150.78*** -10.69 -114.88***  -8.14 -102.72***  -7.28
US*Regular -230.37*** -16.33 -166.40***  -11.79 -128.54***  -9.11
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Note: *** ** * indicate significance at 1%, 5%, 10% level, respectively. All WTP
estimates were converted from Yuan/1.15 kg to Yuan/kg. The exchange rate at the time
of this study was 1 US dollar = 6.40 RMB (¥). 1 Ib=0.4536 kg. Standard Errors in
parentheses.

2.5. Discussion and Conclusion

2.5.1. Discussion of Results

Since 2017, Chinese beef consumption has been steadily increasing along with beef
imports. As incomes in China rise, Chinese consumers are preferring higher quality food.
Therefore, the Chinese Ministry of Agriculture and Rural Affairs recently updated the beef
quality grade program. The goal of this research was to evaluate this updated policy and
determine its implications. Therefore, we conducted a choice experiment in three major
Chinese cities to evaluate preferences and WTP for imported beef displaying the quality
grades, and to analyze how the quality grades impact the demand for beef from major
exporting countries.

Consumers from Beijing, Shanghai and Guangzhou were willing to pay an extra
¥80/kg to ¥100/kg for beef flank carrying a Premium quality grade compared to ungraded
beef. However, consumers in these cities discounted Regular graded beef by -¥30/kg to -
¥50/kg compared to ungraded beef. This indicates that while consumers will pay a
premium for beef quality, they discount beef that was labeled as Regular compared to
ungraded beef. This could have large implications for Chinese beef depending on what
percentage of beef flank is expected to be graded Regular versus Premium. For example,
in the US, less than 10% of all graded beef qualifies as Prime, which is the highest quality
label, and around 74% of all graded beef qualifies as Choice, which is the second highest
quality label (USDA Agricultural Marketing Service, 2022). If a large percentage of
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Chinese cattle do not qualify as Premium, this grading scheme could be problematic given
Regular beef is discounted. Previous research has found that WTP estimates for US pork
vary depending on how many quality grade labels are on the market and depending on the
quality grade names (Lusk et al., 2018). Thus, Chinese consumer preferences for beef
quality grades would likely be affected by the number of categories of grades available for
beef flank. Furthermore, it is likely that the names “Regular” and “Premium” affect
consumer preferences as well, given Lusk et al. (2018) found that WTP estimates differed
between a quality grade scheme of “Good, Better, Best” compared to “Select, Choice,
Prime”.

In 2017, the Chinese government reopened their markets to US beef imports
following a BSE-related ban that began in 2003 (Reuters, 2020). Therefore, we evaluated
the effect of this policy by estimating consumer preferences for foreign beef, including
beef from the US. Compared to domestic beef, Chinese consumers discounted US and
Brazilian beef by about -¥130/kg. Meanwhile, Australian beef was only discounted by
about -¥80/kg compared to domestic beef. In general, Beijing consumers discounted
foreign beef compared to domestic beef. Our results indicate Chinese consumers prefer
Australian beef compared to beef from Brazil or the US, and they value US beef similar to
Brazilian beef. With respect to Australia and the US, our results are counter to findings by
Lin et al. (2020) and Ortega et al. (2016) who found Chinese consumers prefer Australian
beef over domestic beef and do not discount US beef compared to domestic beef. The
downward shift in public sentiment towards Australia and the US may have caused a
decline in WTP for Australian and US beef. Fang et al. (2022) found that the perception of
Chinese consumers towards the US deteriorated in 2020, and they also discovered that
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young and more educated respondents held more negative views towards the US. At the
same time, Hu (2021) conducted a survey with 2,067 respondents in China in June 2021
asking respondents to rate their feelings towards selected countries with any number from
zero to 100. They found Australia’s score fell from 65.28 in 2020 to 55.61 in 2021 (Hu,
2021).

When foreign beef was carrying quality grades, WTP estimates were more
favorable if the foreign beef was of superior quality (graded Premium). However, WTP
estimates were more negative for imported beef if it was of lesser quality (graded Regular).
For example, Chinese consumer WTP for Premium quality US beef was only -¥31/kg, an
increase in WTP of almost ¥100/kg for beef that did not have quality information. In
Guangzhou, Australian beef was preferred over domestic beef if it was of Premium quality.
Furthermore, consumers in Beijing and Shanghai discounted US and Brazilian beef less if
it was Premium quality. These results have valuable implications for beef exporters. While
the specific beef quality grade is traditionally determined at slaughter by each country’s
respective quality grades (Texas A&M, 2022), these results show that it would be valuable
to include this quality grade label on packaging abroad if it denotes superior quality.
However, if the beef is not of superior quality (e.g., a grade similar to Regular), it would
be advisable to not include such quality grade information on the package.

Finally, our results suggest that Chinese beef consumers were willing to pay an
extra ¥ 57/kg and ¥ 73/kg for beef flank carrying Organic and Green Food labels,
respectively, compared to beef flank without such information. While Organic certification

is more stringent, it received a lower premium than the Green Food label. This result is
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consistent with Ortega et al. (2016) who found consumers were willing to pay a higher
premium for the Green Food label compared to the Organic label.

2.5.2. Policy Implications

This study contributes to the literature on quality grade systems in China by examining
Chinese consumer preferences for the updated Chinese beef quality grade system and how
quality grades impact consumer preferences for imported beef. The associated policy
implications suggest that heavy discounts are placed on Regular graded beef while
Premium graded beef can result in large premiums. Thus, this grading system would
achieve China’s desired goal of creating incentives for Chinese cattle producers to produce
higher quality beef. However, it should be estimated how much Chinese beef would qualify
as Premium versus Regular so price discounts do not result for the majority of beef
produced. Findings showed that Chinese consumer demand for beef from major exporting
countries, such as, Australia and the U.S. decreased compared to previous findings. One
possible explanation could be that the downward shift in public sentiment towards both
countries led to a decrease in WTP for Australian and US beef. Moreover, we also found a
difference in preferences for imported beef across cities, where Australian beef was
discounted least in Shanghai while US beef was discounted least in Guangzhou. Companies
focusing on exporting Australian beef to China should first consider expanding their
markets in Shanghai compared to the other two cities. In contrast, US beef exporters could
benefit more by targeting the beef market in Guangzhou first. Our results also showed that
Chinese consumer preferences for foreign beef could be improved if it contained a label
distinguishing it as being of premium quality. Thus, countries exporting beef to China
might benefit from labeling their premium quality beef as such. However, major beef

36



exporting countries should avoid being assessed as regular quality given that our results
indicate that Chinese consumers value imported beef carrying a regular quality grade the
lowest.

2.5.3. Future Research

Overall, this study specifically examines preferences of Chinese consumers for beef with
varying quality grades, and how quality grading impacts demand for imported beef. While
we examined beef flank in three major cities in China, future studies using other beef
products, such as steak, and surveying consumers from other regions will be helpful in
further analyzing consumer preferences for Chinese beef quality grades and the effects of
quality grades on imported beef demand. Given our study found discounted WTP for
imported beef, it will be fruitful to further study underlying reasons for this. For example,
by analyzing consumers’ perceptions and their attitudes toward beef from major importing
countries. Moreover, although we aimed to reduce hypothetical bias by using shelf-
simulation and a cheap talk script, our results may still be subject to hypothetical bias.
Future research could estimate consumers’ WTP for beef with quality grades using other
experimental methods, such as, non-hypothetical auctions to verify the results.
Furthermore, the updates to the revised Chinese beef quality grade system will soon be
implemented. Thus, future research could investigate the adoption of this quality grade
system in the retail market to test how it compares to other Chinese food quality and safety

labels.
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CHAPTER 3
CHINESE CONSUMERS’WILLINGNESS TO PAY FOR COUNTRY-OF-ORIGIN
LABELED BEEF: THE ROLE OF ETHNOCENTRISM, COUNTRY IMAGE, AND

PRODUCT

3.1. Introduction

The country-of-origin (COO) label is a common and widely adopted label for food products.
In general, COO labels influence consumer behavior in at least two different ways (Lusk
et al., 2006; Josiassen, 2011). First, COO labeling and food quality often correlate with
each other in that products from certain countries may be perceived as having a better
quality. Second, because of the affinity to their home country, consumers may prefer
domestic food products over imported food (Shimp and Sharma, 1987, Lusk et al. 2006).
Other literature divided COO effects into three components: cognitive, affective, and
normative (Verlegh and Steenkamp, 1999; Ehmke et al., 2008). Based on Verlegh and
Steenkamp (1999), COO labels are a cue for product quality and quality attributes with
respect to the cognitive aspect. The affective aspect refers to symbolic and emotional
values that COO labels evoke in consumers. Social and personal norms related to COO
labels belong to the normative component (Verlegh and Steenkamp, 1999).

More specifically, the cognitive aspect represents consumers’ perceptions of food
quality from certain countries. Here, COO labels serve as a “cue” attribute, which conveys
food quality information to consumers (Caputo et al., 2017). In this case, COO labels can
affect consumers’ behavior through both country and product images. Product image refers

to a belief expressed through the image the product evokes or an association with the
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product (Xin and Seo, 2020). For example, wines from France, and hams from Spain are
perceived as high-quality products (Shankarmahesh, 2006). Other examples of product
image include German products being perceived as made with precision or workmanship,
and Japanese cars being considered durable (Wang et al. 2012). Country image, on the
other hand, refers to the mental representation of a country and its people, including both
perceptions of the economic and technologic stage of a country and beliefs, e.g., regarding
a country’s social and political system (Wang et al. 2012). Martin and Eroglu (1993)
defined country image as the sum of all descriptive, inferential and informational beliefs
one has about a particular country and claimed the three underlying dimensions of country
image are economic, political and technological (Martin and Eroglu, 1993). Previous
literature tended to connect country image with product image. For example, Nagashima
(1970, 1977) defined country image as “the total of beliefs one has about the products of a
given country”. However, more recent literature is more likely to differentiate country
image and product image (Josiassen, 2011; Shankarmaheshm, 2006; Pappu et al., 2007).
As mentioned by Wang et al. (2012), the general country image is distinct from products
associated with a particular country (product image).

The affective information associated with COO labels has symbolic and cultural
values for consumers, including social status and national pride (Ehmke et al., 2008;
Verlegh and Steenkamp, 1999), while the effect of consumers’ social norms and personal
beliefs on their attitudes for COO labels have been interpreted by the normative aspect
(Ehmke et al., 2008; Verlegh and Steenkamp, 1999; Shimp and Sharma, 1987). Examples
include consumer ethnocentrism and patriotism, their affinities to their home country,

consumers’ misidentifications, and their animosities (Klein et al., 1998; Shimp and Sharma,
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1987; Oberecker et al., 2008; Josiassen, 2011). In this regard, Shimp and Sharma (1987)
recognized both the affective and normative elements of COO labels when they developed
the Consumer Ethnocentrism Tendencies Scale (CETSCALE), an associated measurement
for consumer ethnocentrism (Ehmke et al., 2008). Consumer ethnocentrism is defined as
“the beliefs held by (American) consumers about the appropriateness, indeed morality, of
purchasing foreign made products” (Shimp and Sharma, 1987).

According to Verlegh and Steenkamp (1999), cognitive, affective and normative
components are constantly interacting, which means they are not independent from each
other and they need to work simulaternously to determine COO effects. However, when
they act together, they can operate in opposite directions. For example, a consumer can be
favorable towards an imported product (affective component) but still decide to buy the
domestic goods because of the belief that buying the foreign goods will hurt the domestic
economy (cognitive component) (Herche, 1992; Kilders et al., 2021).

This study aims to evaluate the effects of ethnocentrism, and country and product
images on consumers’ preferences and willingness to pay (WTP) for COO labels of
domestic and foreign beef. To do so, we will draw on data from a 2021 online consumer
choice experiment for beef flank conducted in China. China was examined because it is the
country with the world’s largest population and, amplified by a tight pork supply due to
African swine fever, Chinese beef imports have been growing for the last eight consecutive
years (USDA, 2022). In 2021, Chinese beef imports accounted for more than 30% of the
global beef imports (USDA, 2022). Thus, China is an important emerging beef export

market.
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While beef imported to China has steadily been increasing, Chinese levels of
ethnocentrism and their public sentiment with regards to foreign countries likely has been
changing in the past several years given recent unprecedented events (e.g., COVID-19, U.S.
trade war). Research has documented the Chinese public sentiment with respect to some of
the largest beef exporters to China such as the U.S. and Australia. Fang et al. (2022)
conducted a survey with 2,083 Chinese adults from October 2020 to February 2021, and
found younger and more educated Chinese respondents held more negative views toward
the U.S. Another study conducted by Godfarb et al. (2021) reported that about 60% of
Chinese respondents had an unfavorable view of the U.S. Hu (2021) asked 2,067
respondents to rate their feelings toward selected countries with any number between zero
and 100, and found that the score for Australia dropped from 65.28 in 2020 to 55.61 in
2021.

Against this background, the objective of this study is two-fold. The first goal is to
investigate Chinese consumer ethnocentrism, how favorable Chinese consumers perceive
Australia, Brazil and the U.S. (countries that export beef to China), and their perception of
the safety of beef from these countries. The second goal is to determine how these factors
affect Chinese consumer preferences and WTP for beef originating from those countries.
Overall, this study examines how Chinese consumer ethnocentrism, product and country

images affect their preferences for beef from different countries.
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3.2. Background on China’s Beef Exports

China’s beef import value has been rising since 2017 (Figure 3.1). In 2021, China’s total
beef import value was $12.49 billion --four times more than the whole beef import value

in 2017.
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Figure 3.1. Chinese Beef Import Values from 2017 to 2021. Source: China Customs
Statistics, 2022
Figure 3.2 shows the percentage of beef import values to China from major beef

exporting countries between 2017 and 2021. As displayed in Figure 3.2, 95% of beef
imports originate in Australia, Argentina, Brazil, the U.S., Uruguay, and New Zealand.
Considering the total beef export value to China, beef imports from Australia decreased
from 21% in 2017 to 9% in 2021, and imports from Uruguay decreased from 21% in 2017
to 12% in 2021. At the same time, imports from Brazil increased from 25% to over 40% in
2020. Although it decreased slightly in 2021, Brazilian beef still accounted for 37% of the

value of China’s beef imports. Imports from Argentina also increased from 12% in 2017
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to 20% in 2020. Furthermore, after banning the U.S. from importing beef into China due
to BSE-related restrictions in 2003, China reopened to U.S. beef imports in 2017, allowing
imports of deboned and boned beef from American cows under 30 months old (Reuters,
2020). Beef imports from the U.S. increased from approximately 2% in 2020 to 11% in
2021 (Figure 3.2). More specifically, the total U.S. beef export value significantly
increased in the last two years by over a billion dollars. The U.S. is now the 3" largest beef
exporting country to China behind only Brazil and Argentina. Given this, we evaluate
Chinese consumer preferences for beef from Australia, Brazil and the U.S., three of the

major beef export countries in the Chinese beef market.
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Figure 3.2. Percentage of Chinese Beef Imports Values by Countries. Source: China

Customs Statistics, 2022

3.3. Literature Review

3.3.1. Country-of-Origin Labeling

Umberger (2010) argued that COO labels are perceived by consumers as an extrinsic
credence attribute, and Balcombe et al. (2016) claimed the value of COO labeling is
typically context-dependent in that it will depend on what other ‘quality’ cues are being
offered to survey respondents. In fact, WTP for COO labeling does not necessarily have to
be positive. As Lusk et al. (2004) found, consumers may not wish to pay a premium for
COO labeling either because they do not value the information sufficiently or do not
believe the information provided. Over the past few decades many studies have been
conducted testing consumers’ preferences and WTP for COO labeling on food products.
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Focusing on meat products, Lim et al. (2013) stated that WTP for COO labeling is
consistent across different types of meat, and Peschel et al. (2016) studying British and
German consumers’ WTP for beef, showed that COO is most likely to be chosen as a cut-
off point even compared to a food standard assurance label, hormone-free label, and
gourmet label. They also found that COO is the most crucial information for highly
involved shoppers. Regarding beef preferences of British and German consumers, Lewis
et al. (2017) found that consumers from the U.K. and Germany prefer domestic beef over
foreign beef, and British shoppers like Argentinian beef the least while German consumers
like British beef least. Lin et al. (2020) found that Chinese consumers are willing to pay
$1.11/pound to upgrade from domestic beef or U.S. beef to Australian beef. However, there
is heterogeneity in preferences toward U.S. beef, and the WTP for U.S. beef ranges from -
$18 to $10 per pound.

3.3.2. Ethnocentrism

A large body of research has studied the impact of Chinese consumers’ ethnocentrism on
purchasing behaviors towards domestic and foreign products and brands. Ortega et al.
(2017) found that consumers from China are willing to pay more for domestic pork
compared to imported pork from the U.S. They also found that more patriotic consumers
from China are less likely to pay more for U.S. pork. Qing et al. (2012) applied only three
items from CETSCALE to analyze Chinese consumers’ purchase intentions toward both
domestic and imported fresh fruit, and found a positive relationship between consumers’
ethnocentrism and purchase attitudes towards domestic fruit. Yin et al. (2019) used six
attitudinal statements in conjunction with choice experiments to analyze the impact of
ethnocentrism on WTP for organic labels and certifiers from different countries. They
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concluded that an increase in ethnocentrism would decrease WTP for foreign organic labels
and increase WTP for the Chinese organic label. He and Wang (2015) used four items from
the CETSCALE to study consumers’ preferences for domestic and foreign brands, and
found ethnocentrism negatively affects the preference for import brands. However, the
impact disappeared on actual purchases for domestic or import brands. Han and Guo (2018)
applied a 10-item CETSCALE and found consumer ethnocentrism only has a significant
impact on purchases of domestic brands. Furthermore, they found that brand choices of
consumers who have a greater preference for foreign brands are less affected by their
ethnocentrism levels.

3.3.3. Country Image and Product Image

As mentioned above, COO labels can affect consumers’ behavior through country image
and product image. Previous literature has concluded the positive effect of country image
on purchase intention of domestic and foreign products (Xin and Seo, 2020; Yeh et al.,
2010). Zhang et al. (2020) used auction methods to analyze the effect of county image on
Chinese consumers’ WTP for milk carrying different COO labels, and found country image
had a significant and positive effect on consumers’” WTP. Yeh et al. (2010) found a
significant impact of country image on purchase intention. They also concluded that the
country image effect is not correlated with the economic development level of that country
(Yeh et al. 2010).

Product image, which refers to the overall perceptions or beliefs consumers have
towards products from a given country (Wang et al. 2012), has also been studied. Here, the
previous literature focused on the effect of product image on consumers’ purchase
intentions (Han, 1989; Xin and Seo, 2020; Dagger and Raciti, 2011; Wang et al. 2012).
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Dagger and Raciti (2011) found product image, such as innovation, has a significant impact
on Australian consumers’ WTP for automobiles and watches. However, this effect
disappeared when measured related to WTP for beer and leather goods. Xin and Seo (2020)
found product image directly influenced Chinese consumers’ purchase attitudes towards
Korean functional food.

Wang et al. (2012) used mediation analysis to test how both country image and
product image affect consumers’ purchase intention. They found that the impact of
cognitive country image on purchase intention is mediated by product image and the
affective country image has a direct influence on purchase intention which is independent
from product image.

However, a limited amount of studies have focused on explaining the effect of
ethnocentrism, country image and product image on consumers’ preferences and WTP for
products. As far as the authors are aware only Zhang et al. (2020) have used a BDM auction
to study ethnocentrism and country image. Hence, we extend the literature by analyzing
how a variation in ethnocentrism, country image and product image affect consumers’

WTP for COOQ labels on food products.
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3.4. Design of the Study

3.4.1. Experimental Design

Discrete Choice Experiments (DCEs) were used to elicit Chinese consumer WTP for beef
from different countries. Estimating WTP is a common objective in the use of DCEs
(Hensher et al. 2005), and they have been widely used in studying consumers’ preferences
and WTP for meat products globally (Yang et al., 2020; Syrengelas et al., 2018; Merritt et
al., 2018; Chung et al., 2012; Peterson and Burbidge, 2012).

In our DCE respondents are asked to choose between beef flank product
alternatives from four countries and one “none-of-these” alternative. This labeled choice
experiment was chosen because our goal is to estimate an alternative-specific parameter
for each country (Hensher et al. 2005). In this labeled choice experiment all choice tasks
contain four alternatives corresponding to beef flank from each of the four countries tested
plus a “none of these” alternative. The prices for each alternative vary for each choice set.
The four beef flank alternatives in each choice task originate from either China, the U.S.,
Australia, or Brazil. The beef flank options in each choice question are also characterized
by one of four price levels, which were chosen based on beef price data in 2021 from the
Beijing Municipal Price Supervision Center and market observation (BMPSC, 2021). The
price levels range from 56 Yuan/kg to 146 Yuan/kg in 30 Yuan increments. Given the fact
that we have four price levels and four alternatives (except the “none”) in each choice
question, there will be 256 (4) possible choice tasks if we applied a full factorial design;
an experimental design can include every alternative at every price level--which is too large
to conduct. Hence, to create a manageable amount of choice tasks, a simultaneous

orthogonal design was programmed with NGene. The simultaneous orthogonal design has
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the advantage that the orthogonality not only holds within each alternative, but also across
alternatives (ChoiceMetrics, 2021).

The simultaneous orthogonal design resulted in 36 choice tasks, and we further
reduced the number of choice questions that each respondent needed to answer using a
block technique, which led to four blocks with 9 choice tasks in each block. Each
respondent was randomly assigned to one out of four blocks with 9 choice questions, which
was presented in random order to avoid both fatigue and ordering effects (Bradley and
Daly, 1994; Savage and Waldman, 2008; Hess et al., 2012; Carlsson et al., 2012). An
example of the choice task is presented in Figure 3.3. Moreover, a cheap talk script was
provided to respondents before answering the choice questions to reduce hypothetical bias
(Cummings and Taylor, 1999; Lusk, 2003; Tonsor and Shupp, 2011).

The data were collected through Qualtrics in three major cities in China: Beijing,
Shanghai, and Guangzhou, using an online survey in summer of 2021. The three cities were
chosen because of their mature retail consumer markets (Deloitte, 2010; Bin, 2021).
Participants had to be at least 18 years old and eat beef to participate in the survey. In total,
560 completed surveys were collected. This research was considered exempt by the
university ethics board (IRB) of (omitted for review) University in the U.S. The survey

instrument was registered on aspredicted.org.
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Figure 3.3 Example Choice Task

3.4.2. CETSCALE, Country and Product Image Survey Instruments
To elicit consumer ethnocentrism, the 10-statement CETSCALE developed by Shimp and
Sharma (1987) was used. This version has been validated by numerous studies (Seitz and
Roosen, 2015; Van Loo et al., 2019; Han and Guo, 2018). In our survey, all 10 items from
the CETSCALE were provided in random order to avoid ordering effects (Carlsson et al.,
2012). An example of a statement is “It is not right to purchase foreign products, because
it puts Chinese people out of jobs”. Statements were rated on a 7-point Likert-scale.
Country image can be measured in a number of ways. For instance, Wang et al.
(2012) divided country image effects into affective and objective components. They found
that the affective component of country image is independent from the product image and
can directly affect consumers’ purchase intention (Wang et al. 2012). Looking specifically
at scales measuring affective country image, Xin and Seo (2020) used statements, such as,
“Korea 1s good” and “Korea is reliable”. Wang et al. (2012) measured affective country
image using statements, such as, “USA is friendly towards us” and “USA is likable”. Hence,

we followed this research by measuring the affective component of country image with the
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question “How favorable is your opinion of the following countries?” The countries listed
were China, the U.S., Australia and Brazil. Answers ranged from “Very unfavorable” to

“Very favorable” on a 5-point Likert-scale. We followed Ning (2020) and picked “#f /8>

as the Chinese word to translate “Favorable”. This question has also been used in the Pew
Research Center Global Attitudes Survey (Silver, 2021; Silver et al. 2021).

Next, we elicited product image by asking the following question: “In your opinion,
how safe is beef from the following countries?” Again, the countries listed were China, the
U.S., Australia and Brazil. The answers ranged on a 5-point Likert scale from 1= Not very
safe to 5 = Very safe. We chose to focus on food safety in addition to favorableness because
safety of beef is a credence product attribute that cannot be evaluated by consumers when
purchasing beef (Caswell and Mojduszka, 1996), and they often use COO labeling to infer
food safety (Grebitus, 2008). Previous literature has also used food safety to measure
product image (Xin and Seo, 2020).

To sum up, we focus on both country image and product image by using questions
related to favorableness and safety in order to capture the emotional factors that affect WTP
for beef originating in a certain country. The specific survey questions are provided in

Appendix B.

2 Xin and Seo (2020) used a 5-Point Likert Scale to measure food image which can be considered a product
image. While they used five statements, such as, “Korean functional food has good quality” and “Korean
functional food is safe”, we only adopted their statement on safety in our survey.
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3.5. Data Analysis

3.5.1. Random Parameters Logit Model

Consumers’ preference for beef flank from different countries was modeled based on both
the theory of value and the random utility theory studies of decision-making (Lancaster,
1966; McFadden, 1974). The consumer’s utility of choosing beef flank from different
countries is obtained based on a product’s sub-utilities for its separable characteristics or
attributes, such as, COO. Based on this framework, the utility function for individual i

choosing beef flank alterative j in choice question t is:

Uije = Vije + €ije (2)

where ¢;;; is the unobserved or random part of the utility function and Vyj; is the systematic
component of the utility function, which depends on alterative j in choice question t. V;; is

defined as:

Vijt = ASCJ + Bp * Priceij (3)

where ASC; is the alternative-specific constant (ASC), representing the difference between
the utility from choosing alternative j and the utility of choosing the none-of-these option,

which is normalized to zero for identification. More specifically, the ASC; in our model
represents beef from China, Australia, the U.S., or Brazil. B, is the marginal utility of the
price, and Price;; is the price level of alternative j that respondent i faced. After combining

equation (2) and equation (3), the ultimate utility function we estimated is specified as

follows:
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Uijt = Blchllt + BZUSA]t + B3AuS]'t + B4_BT'Z]'t + Bp * Priceij + Eijt (4)

where Chi, USA, Aus, Brz are four dummy variables, indicating whether the beef flank
originated in China, the U.S., Australia, or Brazil. Therefore, all COO are compared to the
none-of-these option. ;_, are ASCs and assumed to be random variables, following a

normal distribution. B, is assumed to be fixed in order to estimate the distribution of
consumers’ WTP for COO (Train and Weeks, 2005). By assuming that €; ;. follows the

Type | Extreme Value distribution, the unconditional probability of individual i choosing

beef flank alterative j is:

Vije

Py = [ Timrg v f Bima | 2)dB1s )

Equation (5) was estimated by applying simulated maximum likelihood estimation
and using 500 Halton draws for the simulation part in NLogit 6.0. Similar to Grebitus and
Van Loo (2022), we use this to calculate the individual WTP for each respondent, such that
WTP; = B;j/—Bpi, Where B,,; is the “individual-specific” marginal utility of price and S;;
is the “individual-specific” marginal utility obtained from choosing beef flank from each
country The individual WTP represents their WTP for beef from each country compared
to not choosing beef from China, the U.S. and Brazil. The individual WTP serves as the
dependent variable in the subsequent analysis of the effect of ethnocentrism, product and
country images on WTP for COO.

3.5.2. Linear Regression
We estimated the effect of consumer ethnocentrism levels, country image and product

image on individual consumer WTP for beef from each respective country compared to not
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choosing any beef (e.g., the “none of these” option) using a linear regression with robust
standard errors. Following Train (2009), the estimated coefficients from the above
described RPL model can be used to calculate ‘individual-specific’ marginal WTP for each
respondent, and these marginal WTP values can serve as the dependent variable in the
linear regression to study how they vary by socio-economic and attitudinal characteristics,
such as, ethnocentrism levels, country and product images. This two-step procedure has
been used in the literature, for instance, by Caputo (2020), Grebitus and Van Loo (2022),
and Van Loo et al. (2020).

In our study, we estimated seven linear regression models separately to explore the

effects of ethnocentrism, country and product images on WTP for COO.

WTP_COO;. = By + B1Limited Imports Factor + 3,Buy Chinese Factor + B3CI;. +

B4Plic + € (6)

where WTP_CO0O;. in equation (6) represents the individual-specific WTP for choosing
beef flank from a given country compared to not choosing beef from China, the U.S. and
Brazil (e.g., the “none of these” option in the choice set). Since we included China, the
U.S., Australia and Brazil, we estimated equation (6) for each country, respectivately. 5,
and B, are the coefficients for two factors obtained from factor analysis related to
consumers’ ethnocentrism level. S5 is the country image coefficient associated with a
specific country, which is elicted from the country image question. For example, in the
model where we estimated equation (6) for Chinese beef, B5 serves as the coefficient of
the country image score of China. It changes to the coefficient for the county image score
of Brazil in the model where WTP_COO,, represents the WTP for Brazilian beef. Similarly,
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B, is the product image coefficient associated with a particular country, which is elicted
from the product image question. We model both product image and country image
simulatenously given Wang et al. (2012) has shown the affective country image can affect
consumers’ purchase intention directly and is independent from the product image. We

also use the coldiag2 command in Stata to check the multiconiearity (Belsley 1991).

3.6. Results

3.6.1. Sample Characteristics

Table 3.1 shows the socio-demographic characteristics of the full sample. Fifty-three
percent of the respondents were female and 47% were male. In terms of age and education
level, roughly 67% of all respondents in our sample were in the category 25-44 years and
had a bachelor’s degree. About 30% of the full sample earned ¥15,000 -¥21,000 per month
for their households. With regards to the location of the sample, 37% of the respondents
were from Beijing, 41% of respondents were from Shanghai, and 21% lived in Guangzhou.
Overall, our sample contained more highly educated respondents, and female, younger
respondents are moderately over-represented compared to the Beijing census data.
However, this is consistent with Ortega et al. (2022) whose sample was also highly
educated with 86% of respondents receiving some university education, and female and
younger respondents being slightly over-represented. The threshold to participate in the
online survey included having internet access and being familiar with the whole process
from recruiting to answer questions on their computers or phones. This may cause the

sample to over-represent younger and well-educated people.
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Table 3.1. Socio-Demographic Characteristics (%)

Variable Sample  Census® Variable Sample Census
(N=560) (N=560)
Gender Education level ¢
Male 46.77 51.14 Below Bachelor 20.89 52.38
Female 53.05 48.86 Bachelor degree 68.58 39.89
Other 0.18 Master degree and higher 10.54 7.72
Age Household income
(Monthly)
18-24y 10.18 9.06" Less than ¥15k 17.20
25-34y 34.46 20.13  ¥15k - ¥21k 31.90
35-44y 32.68 17.11 ¥21k - ¥25k 26.52
45-54y 11.79 14.79 Above ¥25k 24.37
55-64y 9.64 13.77 City
65 and older 1.25 13.30 Beijing 37.68
Shanghai 41.07
Guangzhou 21.25

& Source: Beijing Statistical Yearbook (2021).

b This is the percentage for 15-24 years old.

¢ The percentage for education level is the percentage of citizens from Beijing who are
over 15 years old.

3.6.2. Ethnocentrism

Table 3.2 presents summary statistics of consumers’ ethnocentrism measured by the
CETSCALE. The mean of each statement ranges from 3.37 to 5.05, and the overall mean
score of all 10-item CETSCALE is 3.99 with the standard deviation equal to 1.34. More
specifically, consumers are more likely to agree with statements related to “supporting
Chinese products”. On the other hand, statements related to “against buying foreign

products” are more likely to be disliked by respondents than other statements.
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Next, principal component factor analysis was applied to reduce the number of
statements into uncorrelated factors. We used the Kaiser-Meyer-Olkin (KMO) criterion to
test the validation of the CETSCALE. The overall KMO was 0.9327, which is considered
to be marvelous (Kaiser, 1974). In order to reduce potential multicollinearity, factors were
retained with eigenvalues greater than one using orthogonal varimax rotation, which
maximizes the variance of the squared loadings within factors (Kaiser, 1958). The principal
component factor analysis generated a two-factor solution, which explains 69.93% of the
total variance of consumers’ ethnocentrism attitudes. This result is consistent with Kilders
et al. (2021), who used 17 items of the CETSCALE and found that 57.6% of total variance
could be explained by four factors. The two-factor solution is in line with Lewis and
Grebitus (2016), who studied U.S. consumers’ ethnocentrism and also obtained two factors.
The factor loadings are also presented in Table 3.2.

The first factor contains seven CETSCALE statements, which is associated with
purchasing behavior toward foreign goods and the consequences on China because of
foreign product purchasing. The perception of purchasing foreign products is an important
part of consumers’ ethnocentrism (Shimp and Sharma, 1987). This factor is called “Limited
Imports Factor” and is hypothesized to have a negative effect on WTP for imported beef
flank. Factor 2 includes the last three statements and mainly focuses on buying Chinese
products. Factor 2 is called “Buy Chinese Factor” and is hypothesized to positively affect

consumers’ WTP for Chinese beef flank.
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Table 3.2. CETSCALE Summary Statistics and Rotated Factor Loadings

Statement Mean S.D. Factor 1 Factor 2

Only those products that are unavailable in

_ _ 3.65 1.87 0.78
China should be imported.
Purchasing foreign-made products is un-

_ 3.42 1.89 0.87
Chinese.
It is not right to purchase foreign products,

) ) _ 3.37 1.85 0.88

because it puts Chinese people out of jobs.
Chinese people should not buy foreign products,
because this hurts Chinese business and causes 3.40 1.83 0.85
unemployment.
We should purchase products manufactured in
China instead of letting other countries get rich 4.04 1.74 0.60
off us.
We should buy from foreign countries only
those products that we cannot obtain withinour  3.74 1.83 0.73
own country.
Chinese consumers who purchase products
made in other countries are responsible for 3.62 1.79 0.79

putting their fellow Chinese people out of work

Chinese products first, last and foremost. 5.05 1.60 0.79
Real Chinese people should always buy

_ 4.55 1.77 0.71
Chinese-made products.
It may cost me in the long run but I prefer to

) 5.03 1.60 0.84

support Chinese products.
Average (for all 10 items) 3.99 1.34
Explained variance 0.46 0.24

Note: Missing values were replaced with the mean of each statement.
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3.6.3 Country Image and Product Image

Table 3.3 presents the summary statistics of Chinese consumers’ attitudes toward different
countries and their perceptions of beef from different countries as per our country and
product image survey questions (measured on a 5-point Likert scale). Not surprisingly,
consumers are in favor of China with the mean equal to 4.45. With regards to importing
countries, results show consumers have the most favorable opinion towards Brazil before
Australia and the U.S., with the average favorable score equaling 3.53. The country image
for Australia is slightly lesser than for Brazil, and respondents have a neutral opinion
towards the U.S. with an average score of 3.07. However, the highest standard deviation
for the U.S. indicates respondents have the most heterogeneous country image towards the
U.S. than other countries. Regarding the product image, Chinese consumers perceive beef
from China as safest, and they believe Australian beef compared to beef from Brazil or the
U.S. is safer. Specifically, they have the similar perception on safety of U.S. beef and

Brazilian beef.
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Table 3.3. Summary Statistics for Country Image and Product Image (N=560)

Mean S.D.
Country Image
China 4.45 0.90
Brazil 3.53 0.93
Australia 3.44 1.09
U.S. 3.07 1.16
Product Image (Beef Safety)
Chinese Beef 4.29 0.85
Australian Beef 3.83 0.95
Brazilian Beef 3.59 0.86
U.S. Beef 3.50 1.02

Note: Missing values were replaced with the mean of each statement. The correlation
between country image and product image for Australia, Brazil and the U.S. ranges
between 0.54 to 0.56, and the product image and country image correlation for China is
0.65.

3.6.4. Effect of Ethnocentrism, Country and Product Images on WTP for Domestic and
Imported Beef

The choice experiment data were first analyzed using the RPL model (results are shown in
in the Appendix C). Overall, the RPL results show that Chinese consumers have
heterogeneous preferences for beef flanks from all countries. Regarding beef flank from
different countries, consumers prefer beef flank from China most and Australian beef is
the most preferred imported beef followed by U.S. beef. Brazilian beef flank is the least
preferred option. We use those results to calculate WTP for beef from each country
compared to the none of these option. Then we apply ordinary least square regression with

robust standard errors to estimate how ethnocentrism, country and product images affect
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consumers’ WTP for COOQO labels using individual WTP for each COO as the dependent
variable (see Appendix D for individual WTP estimates results). The results are shown in
Table 3.4.

Following Belsley (1991), our regression model is considered free of
multicollinearity since the estimated Condition Indexes for all independent variables were
below 30. The significant and positive coefficient for the “Buy Chinese” Factor indicates
that consumers who care more about buying Chinese products have a higher WTP for
Chinese beef flank compared to not choosing any beef. The coefficient of the “Buy Chinese”
Factor is significant and negative in the U.S. and Australian models, which indicates
consumers have a lower WTP for U.S. and Australian beef the more they agree with
statements related to the Buy Chinese factor. Surprisingly, the “Limited Imports™ Factor
does not show a significant impact on WTP for Chinese, U.S., and Australian beef flank.
It significantly and negatively affects WTP for beef flank from Brazil. On the other hand,
the significant and positive coefficient for the “Buy Chinese” Factor when regressing WTP
for Brazilian beef indicates that consumers with high incentives for purchasing Chinese
products have a higher WTP for Brazilian beef.

All coefficients related to country image and product image, indicating their
favorable attitudes towards the respective countries and their products are significant and
positive, indicating the more favorable opinions consumers have toward the country and
the safer they believe these countries’ products are, the higher their WTP for beef from that
country. Also, the magnitude for the China, Australia and Brazil country image coefficients
is bigger than the magnitudes of coefficients for ethnocentrism. For example, consumers
are willing to increase their WTP for Chinese beef by 41.44 Yuan and 43.43 Yuan if the
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unit of their favorableness levels towards the respective countries or their perceptions of
safety of beef from the respective countries increases by one, respectively, which is higher
than their marginal WTP after increasing their ethnocentrism level by one unit. Consumers
are also willing to pay a premium of 6.11-9.30 Yuan for U.S., Australian and Brazilian
beef for a one unit increase of their country image and product image measures. Moreover,
the affective component of country image has a higher impact on WTP for U.S. beef than
product image; and product image could increase WTP for Chinese, Australian and
Brazilian beef more than country image compared to not purchasing beef from those three
countries. The socio-demographic results indicate that consumers from Beijing are willing
to pay more for Chinese beef compared to consumers from Shanghai or Guangzhou, and
older consumers are willing to pay more for U.S. beef and have a lower WTP for Brazilian

beef.

62



Table 3.4. Ethnocentrism, Country Image and Product Image Effects on WTP for COOL

WTP_CHINA WTP_U.S. WTP_AUS WTP_BRZ
Coef. SE Coef. SE Coef. SE Coef. SE
Limit Import Factor 10.63 702 285 2.38 0.83 221  -5.14%** 1.65

Buy Chinese Factor 27.00*** 7.18 -12.12*** 243 -4.12* 2.14  3.28** 1.55
Country Image 41.44*** 992 9.30*** 259 7.66*** 222 6.40*** 2.04
Product Image 43.43*** 10.72 6.11** 2.60 9.22*** 257 7.87*** 2.23

Gender (Female) 29.47** 12,93 3.88 471 -2.75 410 -3.15 3.20
Age 0.40 0.60 0.84*** 0.26 0.11 0.23 -0.32** 0.15
Beijing 30.62*  17.55 9.23 6.36 -7.61 577 335 4.57
Shanghai -14.17 16.43 9.06 6.45 4.00 6.02 3.22 4.48
Edu -11.62 8.33 -0.12 3.02 1.29 255 -0.68 2.04
Constant 26.57 67.65 182.45*** 20.75 237.49*** 19.76 185.55*** 14.82
Prob > F 0.00 0.00 0.00 0.00
R-squared 0.27 0.16 0.11 0.11
N 556 556 556 556

Note: *** ** * indicate significance at 1%. 5%, 10% level, respectively.

3.7. Discussion and Conclusion

3.7.1. Discussion of Results

In 2022, it is predicted that Chinese beef imports will continue to grow for the eighth
consecutive year. It is predicted that the total beef import value in China will reach 12.49
billion dollars in 2022, which is four times higher than the value in 2017. Furthermore,
China reopened to U.S. beef imports in 2017 and the U.S. is becoming the third biggest
beef exporter in the Chinese market. At the same time, the Chinese public sentiment
towards China is increasing and sentiments are decreasing towards foreign countries.
Therefore, the goal of this study was to investigate Chinese consumers’ ethnocentrism

levels and their perceptions of both major beef exporting countries and beef products from
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associated countries, as well as, to evaluate how this affects their preferences and WTP for
beef from different countries.

The results regarding ethnocentrism indicate that consumers are more likely to
support statements related to “supporting Chinese products” and tend to disagree with
statements related to “against foreign products”. These results are in line with findings from
Seitz and Roosen (2015), who used the same measurement to elicit consumer
ethnocentrism in Europe, and found respondents tend to agree with statements related to
“support domestic products”. The mean of the ethnocentrism score in our study is 3.99,
which is consistent with the finding from Yin et al. (2019), who measured ethnocentrism
in 2014 in China and obtained 3.94 as the average score. However, our mean score is higher
than the 3.37 Seitz and Roosen (2015) found, which indicates that Chinese consumers are
more ethnocentric than European consumers.

Results for country image indicate that respondents from Beijing, Shanghai, and
Guangzhou are very much in favor of China with a mean of 4.45 out of 5. This result is
consistent with Cunningham et al. (2020), who reported that 95.5% of respondents were
satisfied with the central government in China. Our results also show that Chinese
consumers have a neutral opinion towards the U.S. with an average score equal to 3 out of
5. This result is different from Godfarb et al. (2021), who concluded that about 60% of
Chinese have an unfavorable view of the U.S. The result of the U.S. Presidential election
may explain this difference. As Fang et al. (2022) noted, Chinese evaluations of the
relationship with the U.S. plummeted during the Trump era but rebounded somewhat after

Biden took office.
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The product image results indicate that consumers have the best view of Chinese
beef and they have similar views on product image, more specifically, the safety of beef,
from the U.S. and Brazil. The difference in distance of transportation could explain this
result. For example, Grebitus et al. (2013) found more than 50% of respondents from
Germany thought that locally produced apples and wine are safer than those that have
traveled many miles.

The main goal of this research is to estimate the effects of ethnocentrism, country
image and product image on WTP for COO. We achieved this by regressing ethnocentrism,
country image and product image on country-specific individual WTP. The results indicate
that consumers who prefer to purchase Chinese products are more likely to pay a premium
for Chinese beef and discount beef from developed countries, such as, the U.S. and
Australia. This result is similar to the findings from Qing et al. (2012) and Yin et al. (2019),
who also concluded that the higher the level of ethnocentrism, the more likely consumers
will be to increase their WTP for domestic fruit or organic labels, and will decrease their
WTP for foreign fruits or organic labels. Furthermore, our results indicate that consumers
are willing to pay a premium for imported beef if they are more in favor of the country
where the beef originates from or perceive the beef from a certain country as safer.

3.7.2. Policy Implications

Overall, our study highlights the important effects of consumer ethnocentrism, country
image and product image on preferences and WTP for domestic and imported beef. The
results suggest that consumers are willing to pay a premium for domestic beef if they have
high incentives in purchasing Chinese products, are more in favor of their country and
perceive products as safer. Moreover, the perceptions of purchasing foreign products will
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not affect the WTP for domestic beef. The associated policy implications suggest that the
government and domestic beef retailers could try to emphasize the incentives of purchasing
the domestic product and positive country or product image on packaging if they want to
promote the sales of domestic beef flank. For example, as Kilders et al. (2021) noted,
adding labels such as “Proudly Chinese” could be one of the strategies that take advantage
of high levels of ethnocentrism. Domestic beef retailers could also attract consumers by
information associated with the positive country image to increase consumers’ favorable
views of their home country to promote beef sales.

Our study shows that consumers will increase their WTP for foreign beef if they
favor the country or the product image associated with that country, and they will discount
their WTP if they have high purchasing incentives for Chinese products. Given the growing
tension in the global political climate, these results are critical for foreign beef exporters to
execute their market strategies. More specifically, beef exporters from either the U.S.,
Australia, and Brazil could try to attract Chinese consumers by emphasizing the positive
country or product images associated with the country to expand their market share in
China and strengthening their exports.

3.7.3. Future Research

This study focused on evaluating Chinese consumers’ ethnocentrism, their country and
product images towards foreign countries and investigating the relationship between those
individual perceptions on consumers’ preferences and WTP for beef originating from
different countries. Since our study only focused on preferences and WTP for beef flank

using data from three major cities in China, future research surveying consumers from
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other parts of China and their preferences for other cuts of beef, like steak, will be helpful
in further investigating preferences for imported beef and associated market share.

Based on our study, the country image and product image significantly impact WTP
for beef from different countries. Future research could deeply explore the factors
associated with country image. For instance, it will be fruitful to analyze consumers’
perceptions of the cognitive aspect of country image and other aspects of product image,
such as, price perception from different countries and how these perceptions will affect
favorable views toward those countries. In addition, future research that analyzes
consumers’ country images using other methods, such as, the affinity survey instrument
could also contribute to the literature. Finally, although our study attempted to reduce
hypothetical bias by using cheap talk, bias because of the hypothetical setting may still
affect our results. Therefore, future research could estimate the effects of ethnocentrism
and country image on WTP for imported beef using non-hypothetical stated preference

methods in either lab settings or a grocery store setting to verify the results.
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CHAPTER 4
EFFECTS OF RISK PREFERENCES AND SOCIAL NETWORKS ON ADOPTION OF

GENOMICS BY CHINESE HOG FARMERS

4.1. Introduction

African Swine Fever (ASF), caused by the ASF virus, is a highly contagious disease which
leads to almost 100% mortality in domestic and wild pigs of all ages (Galindo and Alonso,
2017; Quembo et al., 2018). Infected pigs usually experience high fever, anorexia, lethargy,
weakness, and recumbency, with most of them dying within ten days (Shao et al., 2018).
Most importantly, the disease spreads quickly and there is no vaccine or treatment for ASF,
yet. Hence, when hogs contract the disease, the situation is dire for the hog producing
operation.

After the ASF virus was first identified in Kenya in the 1920s, it spread to Europe and
South America in the middle of the last century. The disease was eradicated from Europe
temporarily around the 1990s before returning in 2007 (Galindo and Alonso, 2017).
Because of the absence of any vaccines or treatments, the disease has a substantial impact
on many countries. For example, in Russia more than 800,000 hog deaths were attributed
to ASF alone from 2007 to 2017 (Kolbasov et al., 2018).

ASF started spreading in China in August of 2018 with the Ministry of Agriculture
and Rural Affairs of China (MARA) reporting the first ASF case in Liaoning, a
northeastern province of China. In the next six months, the disease ravaged all of China’s
hog industry. Until April 2019 MARA reported a total of 129 cases from 31 provinces; the

total inventory of hog factories with ASF outbreaks numbering 319,726 by 2019 (Zhang et
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al., 2019). According to official reports, more than 1.02 million pigs were culled because
of the disease, leaving farmers devastated (Xia, 2019). In July 2020, outbreaks of ASF
began surging again in certain areas of southern China (Reuters, 2020).

The outbreak of ASF has an enormous impact, not only on China’s economy, but also
on society, given that pork is the dominant animal-protein source in the Chinese diet. China
has dominated world pork consumption for many years. In 2018, Chinese consumers ate
more than 55 million tons of pork, comprising approximately half of the pork consumption
around the world (USDA, 2019). Average annual pork consumption per Chinese citizen is
approximately 40 kilograms. Data from the National Bureau of Statistics (NBS) of China
showed that pork covers around 86.27% of meat consumption for all Chinese citizens.
Because pork accounts for a large portion of Chinese meat consumption, the pork price has
a significant impact on the Chinese Consumer Price Index (Zhao and Wu, 2015).

While consumers are affected by increasing pork prices because of reduced pork
supply, hog farmers’ livelihood is at stake due to the ASF epidemic. Given this, finding a
therapy for this disease is of utmost importance to researchers worldwide. One possible
solution would be to use genomics technology (Mazur-Panasiuk et al., 2019). Genomics
refers to the mapping and sequencing of genetic material in the DNA of a particular
organism, as well as, the use of that information to better understand what genes do, how
they are controlled, how they work together, and what their physical locations are on the
chromosome (USDA, 2020).

As pointed out by Lee (2005), one important reason for the resistance towards
genomics technology in China are concerns regarding the risks of this technology,
including concerns involving risk related to food safety and risk related to adopting the
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new technology. Indeed, risk is an important factor influencing farmers’ adoption decisions,
shown e.g., by Menapace et al. (2016), Rosburg and Menapace (2018) and Ramsey et al.
(2016).

Rosburg and Menapace (2018) analyzed U.S. farmers’ fungicide adoption and found
people are more likely to adopt fungicides if they expect a higher risk reduction from
receiving the fungicide. They applied the lottery by Dohmen et al. (2011) to elicit producers’
risk tolerance and show a negative relation between risk tolerance and fungicide adoption.
Menapace et al. (2016) studied the impact of risk preference on Italian farmers’ crop
insurance purchase decision. They used three different methods to elicit farmers’ risk
preferences: self-assessment using a 10-point Likert scale; a small-stakes gamble test with
no contextual framing, and a more time-consuming large stakes gamble with specific
framing in terms of income related to actual economic activities. The authors found that
farmers’ risk preferences calculated from the small-stakes gamble test did not correlate
with their crop insurance purchase while farmers who displayed greater levels of risk
aversion in the large stakes gamble were more likely to purchase crop insurance. Ramesey
et al. (2016) analyzed the effects of farmers’ yield risk perceptions on varieties of
conservation technologies adopted by crop farmers in Kansas. Results from a bivariate
probit model suggest farmers who view these technologies as yield risk-reducing are more
likely to adopt conservation technologies such as Continuous No-Till technology,
Conservation Crop Rotations technology, and Cover Crops technology. Finally, Lee (2005)
states that price risk due to variability in product prices will discourage selected cropping
alternatives, and will decrease associated technologies’ attractiveness. In addition, the risk
related to future access to production inputs, particularly land and water, will decrease the

70



likelihood of farmers adopting technologies or systems that potentially hold positive future
returns without being able to confidently claim those benefits (Lee, 2005).

In a broader context, understanding how risk preferences affect adoption of new
technologies, such as, genomics technology can help to shed light on other areas where we
try to understand how individuals will adopt new technologies during times of crisis. How
individuals will make their adoption decisions, and how their risk preferences affect their
adoption decisions under disease outbreak, are important for stakeholders to understand if
they want to release their new technologies to the market.

In addition to risk preferences affecting decision making, previous studies have shown
that social relationships affect behavior (Marsden and Friedkin, 1993, Granovetter, 1973).
More generally, the ways in which individuals are influenced by their social interactions
depend on the members in their social networks (Marsden and Friedkin, 1993; Lippitt et
al., 1952). In this study we look at hog farmers’ social networks to understand how other
hog farmers in their networks could potentially influence their technology adoption
decisions. A network can be understood as a ‘“channel of communication” (Alba and
Kadushin, 1976) where information, opinions and peer behavior are processed and
influence network members (Marsden and Friedkin, 1993). Such diffusion networks, i.e.,
the links between actors in these networks, can be measured by sociometric methods, where
it is common to specify the number of sociometric partners that can be named by a
respondent (Rogers, 2003). Hence, we applied the sociometric method by asking hog
farmers to list three farmers with whom they usually discuss hog health issues. In doing so
we follow previous studies by Conley and Udry ( 2001), Kabunga et al. (2012) and
Matuschke and Quaim (2009) that have applied this approach. For example, Matuschke
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and Quaim (2009) asked farmers to name three persons to whom he or she talks most
frequently about agricultural decisions. They found that social network members have a
significant and positive effect on farmers’ technology adoption decisions. A downside of
this approach is that it leads the respondent to name only their strongest network members
and hence others that they may exchange important information with could be ignored
because of lower communication frequency. This relates back to Granovetter’s (1973)
“strength-of-weak-ties” theory that describes that these less-frequent network partners may
be particularly crucial in diffusion (Rogers, 2003). To account for the effects from members
they communicate less often with, we employ the centrality measures degree, closeness,
and betweenness, to investigate the impact of social relationships when analyzing adoption
behaviors of hog farmers. We hypothesize that if a hog farmer is well-connected with other
hog farmers who want to adopt the technology, he or she is more likely to also adopt the
technology. We also hypothesize that hog farmers will share similar characteristics like
risk preference and adoption behavior with persons they talk to most frequently about hog
health issues. Hence, it is important to understand the social relationships among hog
farmers.

Against this backdrop, our objective is two-fold. Our first objective is to analyze
farmers’ risk preferences and attitudes towards genomics technology, and to investigate
how these risk preferences and attitudes affect their willingness to adopt genomics
information to breed hogs that are more resistant to diseases like ASF. Our second objective
is to shed light on hog farmers’ social networks to understand how social influence can

potentially affect (hog farmer) decisions related to new technologies, such as, genomics, in
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the presence of a disease outbreak. Insight into hog farmers’ relationships highlights how

peer effects affect their decisions.

4.2. Background

4.2.1 Genomics
Genomics technology has been widely used in stopping the spread of hog disease since the
early 1990s when pig breeders removed deleterious genes, such as, the halothane gene
(HAL), which causes porcine stress syndrome, and the napole gene (RN-) from their herds
(Rothschild et al., 2010). Another example of successful application of genomics
technology is the Porcine Reproductive and Respiratory Syndrome (PRRS, also known as
“Blue Ear disease”), a severe hog disease that spread across the world dramatically in the
2000s. In 1987, PRRS was first detected in the United States. Since then, it “has cost the
global hog industry an estimated $6 million per day worldwide” (Day, 2015). In 2015, the
spread of the disease was controlled using genomics technology to isolate the protein,
CD163, which causes PRRS to spread throughout the pig (Whitworth et al., 2016).
Previous studies have shown that artificial insemination, one of the breeding
technologies widely used in the hog industry, is among the most cost-effective ways to
improve the global swine population by increasing pigs’ disease resistance properties
(Gerrits et al., 2005). Hog farmers can purchase high-quality semen, like semen with
genomics technology, without the investment in and expenses associated with owning a
boar. However, compared to other capital-intensive technology, artificial insemination is a
management-intensive technology that requires special training, which makes the

availability of quality labor important for effective implementation (Gillespie et al., 2004).
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In order to obtain the benefit of genomic technology in the agricultural industry,
the Chinese central government has issued a clear signal encouraging and supporting
research and adoption of genomics technology. The state’s No.1 Central Document in 2015
pledged more government support for research on Genetic Modification (GM) technology.
In addition, the No.1 Central Document identified the need for the nation to modernize
agriculture through scientific and technological innovation and implementation of smart
technologies in 2017 (Wang, 2015; Zhang et al., 2019). However, despite the support from
the central government, literature that analyzed the adoption of genomics technology in
China found that Chinese farmers are reluctant to adopt genomics technology. Chinese
people’s attitudes towards genomics technology are an essential factor driving this result
(Deng et al., 2017; Huang and Peng, 2015; Xu et al., 2016). A nationwide survey found
that 46.7 percent of respondents viewed Genetically Modified Organisms (GMOs)
negatively, with 14 percent believing it was a form of bioterrorism aimed at China (Chow,
2019). Xu et al. (2016) analyzed farmers’ willingness to adopt GM rice before its
commercial release and found only one-third of the respondents willing to adopt the new
rice variety, and more than half of the remaining farmers were uncertain. They also found
that while farmers’ attitudes on environmental impact were not significant, the concerns
on health and economic benefits were crucial to their GM rice adoption decisions. Huang
and Peng (2015) analyzed consumer perception on GM food safety and found
approximately 45% of the respondents consider GM food as being unsafe. Deng et al.
(2017) studied 160 Chinese agribusiness managers’ attitudes towards GM foods from 2013
to 2014, and found that 61% of them hold negative views towards GM foods. The number
is even higher than the percentage of consumers who thought GM food was unsafe (Huang
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and Peng, 2015). Huang et al. (2005) analyzed insect-resistant GM rice adoption in China
and found there are positive impacts of the insect-resistant GM rice on productivity and
farmer health, which could also affect farmers’ attitudes toward genomics. The findings
from these different studies underline a rather negative attitude towards some new
technologies and this might carry over to technologies such as genomics. Hence, in this
study we test hog farmers’ attitudes towards genomics technology that could potentially
reduce the risk of hogs being infected with ASF.

4.2.2. Risk Preferences

Previous literature has analyzed farmers’ risk preferences related to their technology
adoption decisions. Gillespie et al. (2004) analyzed US hog farmers’ adoption decision on
breeding technology, and found more risk averse farmers are more likely to adopt the risk-
reducing technology. Brick and Visser (2015) found that small-scale farmers in South
Africa who are more risk averse are more likely to adopt traditional agriculture, such as,
using traditional seeds, and are less likely to use modern farming inputs, such as, high-
yield varieties despite the availability of insurance. Hailu et al. (2017) analyzed Canadian
farmers’ risk attitudes using a risk tolerance measure that combines psychological
questions and lottery questions, and found that farmers with a higher risk tolerance are
willing to pay more for genotyping services. Studying Chinese farmers’ adoption decisions
on BT Cotton, Liu (2013) found more risk averse farmers tend to adopt the technology
later. Recently, Gao et al. (2020) analyzed the new agricultural technology extension mode
adopted in China and found farmers who have a greater acceptance of risk are more likely
to adopt the new technology extension mode. In sum, all of these studies found that more
risk averse farmers are less likely to adopt new technologies early. However, while there
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are several studies covering a number of issues, so far, research focused on technology
adoption by small scale hog producers in developing countries like China is scarce, and
even less research is available focusing on farmers’ risk preferences related to their
adoption decisions under an actual disease outbreak like ASF. This is important because
the current ASF crisis would require actual decisions from farmers if the genomics
technology was available rather than the crisis being a hypothetical scenario. Hence, the
fact that hog farmers in China lost more than 1.2 million hogs has to be kept in mind when
trying to understand how hog farmers’ risk preferences and attitudes affect their
willingness to adopt genomic information when breeding hogs that are more resistant to
diseases like ASF. The main objective of our case study is to help close the gap in the
literature by providing information on how risk preferences affect technology adoption in
a situation of crisis.

4.2.3. Social Network Analysis

Previous literature has found that farmers’ social networks have a significant impact on
farmers’ daily life, including their technology adoption decisions (Bandiera and Rasul,
2006; Conley and Udry, 2010; Foster and Rosenzweig, 1995; Holloway et al., 2002;
Kabunga et al., 2012; Krishnan and Patnam, 2014; Ward and Pede, 2015). For instance,
Wang et al. (2021) explored the impact of social networks on household livelihood
resilience in China and they found farmers’ social networks have positive impacts on
livelihood resilience in that farmers with higher degree and betweenness centralities are
more resilient. Xia et al. (2020) also showed the positive effect of social networks when
they examined social network effects on peasant households’ land use decision-making.
Johny et al. (2017) found social networks can affect income diversification among rural
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households in India significantly. Furthermore, Gava et al. (2017) applied social network
analysis to evaluate stakeholders’ importance in technology adoption and diffusion using
the example of Italy. The authors found upstream industry like plant dealers have the most
significant impact on knowledge diffusion across adopters compared to other stakeholders
including farmer unions, universities, and research centers. When studying forest owners
in Finland, Vainio et al. (2018) found that where forest owners seek information differed
based on the type of contract used. Conley and Udry (2016) analyzed the effect of learning
from other farmers in a social network on innovations for input use for farmers who
cultivate pineapple in Ghana and found farmers are more likely to adopt innovative inputs,
like new fertilizer, after being informed that neighbors achieved higher profits using the
new fertilizer. Hollway et al. (2002) estimated high yield variety rice adoption in
Bangladesh and found strong, positive neighborhood effects on technology adoption
among Bangladeshi rice farmers. Krishnan and Patnam (2014) studied network effects on
adoption of new fertilizer and seed for farmers in Ethiopia and found that social network
effects play an important role on farmers’ technology adoption decisions, and this effect is
even higher than the effect of extension agents visiting. Kabunga et al. (2012) analyzed the
impact of social networks on tissue culture banana technology in Kenya and found farmers’
individual social networks played an important role for technology adoption decisions.
Moreover, they found that the more adopters in a farmer’s personal network, the less likely
the farmer himself adopts this as well, which could indicate that the technology is not
beneficial for all. Ward and Pede (2015) studied how a social network affects the adoption
of hybrid rice in Bangladesh taking into account geographic distance. They find that
farmers are more likely to adopt hybrid rice if their networks include nearby hybrid rice
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adopters compared to farmers who have networks of more distant hybrid rice adopters. In
another study, Bandiera and Rasul (2006) captured the impact of social networks on the
adoption decision regarding sunflowers in Mozambique and found social networks have a
positive effect on the adoption decision when there are only a few adopters in the network,
but this changes to a negative effect when there are many adopters in the network.
Moreover, the authors also researched the effect of closeness in relationships on adoption
decisions. They stated that adoption decisions are more correlated with the network
consisting of close family and friends compared to religion-based networks that are less
close to each other, both in geographic and relationship distance. Given this previous
evidence of peer effects on decision making, we test how social networks affect willingness

to adopt genomics.

4.3. Methodological Background

4.3.1. Design of the Study

To test the effects of risk preferences and social networks on adoption of genomics
technology by Chinese hog farmers, we collected data using a face-to-face case study with
a standardized survey instrument. We interviewed hog farmers in two locations in China.
We conducted our case study in a district in Chongging, which is one of four municipalities
in China. It is a big city located in southwestern China, with a population of more than 30
million. Chongging is famous for its hog industry from production to consumption, and the
outbreak of ASF had a massive effect on the hog industry in Chongging. The data from the
National Bureau of Statistics of China (NBS) indicate Chongging produced more than

17.58 million pigs in 2018, ranking eleventh place for all provinces. This means that
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Chonggqing produced 0.6 head of pigs per citizen in 2018, which is much higher than the
number of pigs produced per Chinese citizen in other areas of the country. Data show the
average pork consumption for each Chongqing citizen reached 74 Ibs. annually (Sina,
2019). This number ranks second among all Chinese provinces. In addition to collecting
data in Chonggqing, the case study was carried out in a village in the Hebei province. Hebei
province is famous for its hog production industry, located in the northern part of China.
Data from the Ministry of Agriculture (MOA\) indicate that Hebei province produced more
than 34.5 million pigs in 2016, ranking eighth for all provinces in China. However, Hebei
citizens are less in favor of pork, with an average pork consumption of 30 Ibs/year, ranking
22nd out of all 31 provinces (Sina, 2019). By comparing the results from Chongqging to
Hebei, our objective is to test how generalizable our results are, accounting for regional
effects.

Our interviews in summer of 2019 led to a total of 46 usable survey results from the
two locations. We collected 65 completed surveys from three different counties in
Chongqing. After eliminating 32 surveys that were not filled out by hog farmers’
themselves but had been filled out by neighboring farmers, and one survey of a producer
whose revenue from raising hogs did not cover more than 50% of his total income in 2018,
32 valid surveys remained for data analysis from Chongging. Raising hogs is extremely
popular in Chongging and almost every rural family raises pigs. Most of them just raise a
few hogs to provide food for themselves, especially during Spring Festival, a traditional
Chinese Lunar New Year. In this study, we tried to collect data only from certified hog
farmers who earned more than 50% of their total income from raising hogs. In addition, a
total of 14 valid surveys were collected from Hebei. While at first glance the number of
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usable observations may seem small, several things need to be kept in mind. First,
interviewing hog producers in China during the ASF outbreak presented a challenge, with
most of them refusing to meet with other people because they were afraid of bringing ASF
to their farms. Second, these numbers are comparable to other explorative, qualitative
interviews, and expert interviews with sample sizes often being below 30, such as studies
by lles et al. (2020), Lachal et al. (2012), Van Gilder & Abdi (2014), Bennet et al. (2013),
Sonneville et al. (2009), Mitter et al. (2019), Hunold et al. (2017), and Takashi et al. (2016),
where the sample sizes range from n=12 to n=22.

4.3.2. Data Collection

As mentioned, we obtained the data for our case study using standardized surveys. The
questionnaire covered demographic information, such as gender, age and education, as well
as operation characteristics of the hog farms including hog farming type, revenue from hog
raising, purchasing insurance and hiring labor. The main part of the survey focused on hog
farmers’ willingness to adopt genomics technology, questions related to their attitudes
towards genomics technology, the Dohmen et al. (2010) risk preference measure, and
social networks of hog farmers related to the ASF outbreak. The main components of the
survey instrument are described in the following sections.

4.3.2.1. Willingness to Adopt Genomics Technology

To measure hog farmers’ willingness to adopt genomics technology we first asked whether
they would be interested in purchasing semen resistant to ASF if it was produced using
genomics. Those who answered “yes” were then asked how soon they would adopt it when
made commercially available. This aims to gauge their willingness, assuming that those
who would adopt it immediately would be much more likely to actually adopt than those
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who answered “after 10 years”. The answer categories included were “Immediately,”
“After 1 year”, “After 2 years”, “After 5 years” and “After 10 years”.

To further understand hog farmers’ willingness to adopt the technology, we asked a
second question where participants had to indicate their likelihood of adopting this
technology: “Latest research shows that the use of genomic information in breeding could
reduce the incidence of African Swine Fever. Given this information, please indicate your
likelihood of adopting this technology given the below reduction of African Swine Fever
in %”. The answer categories in percent ranged from ASF being reduced by 0%-19%, 20%-
39%, 40%-59%, 60%-79%, or more than 80%. Possible answers ranged from 1= Definitely
Not to 5= Definitely.
4.3.2.2. Attitudes affecting the Adoption of Genomics Technology
To identify attitudes that may affect hog farmers’ adoption decisions, they were asked to
evaluate a number of reasons that might influence their decisions with the question “Please
indicate how important the following aspects are to you in adopting the use of genomic
information for the selection of African Swine Fever (ASF) resistant hogs on your farm?”
Possible answers ranged on a 5-point Likert-scale question from 1= Very unimportant to
5= Very important. Examples of the statements used are: Contributes to the protection of
resources for future generations; Does not increase workload; The technology can be
tested with small batches of animals on the farm first. A full list of all statements can be
found in Appendix E.
4.3.2.3. Risk Preference Measure
Lottery methods such as Holt and Laury’s (2002) or Dohmen et al.’s (2010) instruments
are popular to elicit and measure risk attitudes (Barham et al., 2015; Freudenreich and
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MuBhoff, 2018; Qiu et al., 2014; Zhao and Yue, 2020). In this study we employed the
lottery by Dohmen et al. (2010) to elicit hog farmers’ risk preferences. In this lottery,
participants were asked to make choices between a lottery option and a safe option in a
table with 20 choice situations. The lottery option is fixed in the amount and related
possibility in each row, and the amount in the safe option increases from row to row.
Subjects were asked to choose between the lottery option and the safe option one row at a
time. Given the constant increase of the amount of the safe option, respondents should
choose the lottery option starting from the top of the table and should switch to the safe
option in the middle, and then continue to choose the safe option if they have monotonic
preferences. Based on Dohmen et al. (2010), the switching point in the lottery is
informative of a subject’s willingness to take risks.

In the risk preference measure we asked, “Imagine you are choosing a lottery ticket.
There are two different lottery tickets with different amounts of rewards per the chance
probabilities. Indicate whether you would prefer Option A or Option B, i.e., one decision
for each situation.” The choice situations are presented in Appendix F. Option A is the
fixed lottery that respondents could either win ¥1,500 or 0 in RMB (at the time, 1 RMB ~
0.14 U.S. dollars) and Option B is the safety payment starting with 0 and increasing ¥ 50
from row to row up to ¥ 950 in row 20. Given the average winning amount for playing the
lottery is ¥750 in all rows, a risk-neutral subject is assumed to choose the lottery starting
in the first row and switch to the safe option in row 16 when the amount of the safety
payment is equal to the average revenue of choosing to play the lottery. A risk-seeking
person should switch to the safety payment after row 16, and risk-averse people are
assumed to switch to the safety payment before row 16. A risk-seeking (or risk-prone)

82



person who likes taking risk should switch to the safety payment later than row 16, where
the safety payment was higher than the expected value of playing lottery and vice versa.
4.3.2.4. Social Network Analysis

To identify the hog farmers’ social networks and to measure the closeness of their
relationships with other hog farmers, we first asked hog farmers to list names of their top
3 other hog farmers®, with whom they discuss hog health with. See Appendix E for the
survey instrument. The questions regarding their relationships with others were phrased
towards hog health because we focus on genomics technology to reduce ASF. We infer
that those are likely individuals they would get advice from regarding the adoption of a
new technology, such as, genomics to reduce the risk of ASF infections.

4.3.3. Data Analysis

4.3.3.1. Social Network Analysis
Core/Periphery Analysis determines the location of each actor within a network based on

the physical center. Core/periphery analysis identifies who belongs to the core and who
belongs to the periphery (Borgatti and Everett, 2000). Actors who belong to the core are
those who are related not only to each other but to all other actors in the network. In contrast,
actors who are not close to the center are in the periphery (Bogatti and Everett, 2000;
Grebitus, 2008). Belonging to the core or periphery affects how much a farmer can
influence or be influenced regarding their attitudes and behaviors. For instance, farmers
belonging to the core are able to receive and transmit more information than those

belonging to the periphery. Hence, if a farmer belonging to the core is favorable towards

3 In the survey, we asked hog farmers to list the names of their top 3 hog farmers, veterinarians, and sales
agents. However, in this analysis we only include data related to their top 3 other hog farmers.
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genomics, this farmer can transmit positive information to all farmers in his network.
Information about this enables stakeholders to become more efficient in identifying which
actors will be useful to transmit information.

Centrality is a key measure of the “power” of a single node in aggregated social
networks (Wasserman and Faust, 1999; Freeman, 1979). When transmitting information
and influencing other actors’ attitudes or behaviors, centralities identify actors who are
most efficient in doing so. For instance, the more power a single node has, the closer it is
to the “center” of the action in a network, and the higher the impact of this actor on the
entire social network (Hanneman and Riddle, 2005). There are three key measures: degree,
closeness and betweenness centralities.

Degree Centrality measures the “power” of an actor by the number of ties this actor
has. The higher number of ties, the more connected an actor is with others; hence, this actor
will be able to receive information from several sources and can also distribute information
to a great number of other actors. With regards to technology adoption, this actor has a
higher number of connections with others, which means such an actor could obtain
information about the new technology from many other people — compared to an actor with
a lower degree centrality who is less well-connected. Degree centrality C, of an actor
(node) P, can be calculated following Freeman (1979) by

Cp(Py) = Xt=ia(Pe,Py) fore #d 1)

a(k, Py) isadummy variable equal to 1 if P, is directly connected to P4, zero otherwise. I
is the number of actors in the network except Py himself (Freeman, 1979).

Closeness Centrality measures how connected an actor is, i.e., how easily he can

receive/transmit information. Closeness centrality defines how powerful an actor is by
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accounting for not only the relations with actors who are directly connected, but also the
indirect relations with actors who are not directly connected. In other words, closeness
centrality is used to check how quickly the information will flow through the whole
network. For example, farmers with higher closeness centrality are useful for institutions
or governments when they hope to diffuse information of new technology to the entire
network with shorter time (or lower costs).

The idea behind closeness centrality is that actors who are able to be reached by
other actors at shorter path lengths have favorable positions (Hanneman, 2005; Jackson,
2008). For instance, if the information of new technology goes directly from sender to
receiver, this receiver has an advantage to obtain more sufficient information about the
technology over a receiver who can only be reached via multiple senders. Therefore, the
“farness” of the actor; the aggregate distance between the actor to all other actors in the
social network; is the major component of the closeness centrality. Because of the variety
of ways to define farness, there are several approaches to calculate closeness centrality.
The Freeman geodesic path approach is the most common way. Here, “farness” is defined
as the sum of the lengths of the shortest distance from each actor to all other actors in the
social network. In this case, the closeness centrality C. of a node Pq is calculated by

Co(Py) = [Xé=17(Pe, Pa) 17" fore #d )
r(P,, Py) is the number of lines in the geodesic linking nodes P, and P;. I is the number of
actors in the network (Knoke and Kuklinski, 1982).

Betweenness Centrality assumes that an actor will have more “power” if lying on

the geodesic paths between other pairs of actors in the network (Hanneman, 2005; Jackson,

2008). In other words, the more someone depends on other actors in order to connect with
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network members, the less power that node has. Betweenness centrality is calculated as the
probability that more than one geodesic path exists between pairs of actors. Betweenness

centrality Cz of a node P, is calculated by
—_ V't VS _ Ber(Pg)
Cp(Py) = X6 X bey (Pg) for (e <f) #d,andb,s(Py) = e, 3)

t and s are the number of nodes in the network and g, is the number of geodesic paths
from point e to point f that contain node P,. Therefore, b, (P;) represents the probability

that P, falls on a randomly selected geodesic connecting e and f (Freeman, 1979).

4.3.3.2. Principal Factorial Analysis

To measure the effect of hog farmers’ attitudes on their technology adoption decisions, we
apply principal component factor analysis to reduce the number of statements resulting
from the question “Please indicate how important the following aspects are to you in
adopting the use of genomic information for the selection of African Swine Fever (ASF)
resistant hogs on your farm? ” (see section 4.3.2.2.) into uncorrelated factors. Based on the
Kaiser criterion, factors with eigenvalues equal or higher than 1 were retained (Kaiser,
1958). We then applied the varimax rotation approach to obtain factors that are not
correlated to each other. The varimax rotation approach also allows us to create indexes
without inter-correlated components and enables the maximization of variance of the
loadings (Kilders et al., 2021).

4.3.3.3. Ordered Probit Model

In our study, we measure the time for hog farmers to adopt genomics technology. The
question is phrased as “Assuming the costs are the same, would you be interested in

purchasing semen made using genomics that has demonstrated resistance to African Swine
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Fever (ASF)?” The answer categories are Yes/No. The follow-up question is, “If YES, how
soon would you adopt this technology when it is made commercially available?” The
answer categories ranged from Never to Immediately. Hog farmers who chose “No” in the
first question are merged with those who answer “never” to the follow-up question. Thus,
we have six categories to indicate the time that it would take hog farmers to adopt the
technology once it is made commercially available.* Given the ordinal data structure, we
then use an ordered probit model to analyze the effect of hog farmers’ risk preferences,
social networks, and their attitudes on the willingness to adopt ASF resistant semen
produced using genomics.

The ordered probit model considers the ordinal nature of the dependent variable. We
follow Greene (2012, pp. 787-791) to explain the unobserved preference of hog farmer i to
choose a certain time to adopt the semen in the ordered probit model by

yi =Bxi+¢ (4)

where y; is the observed ordinal variable, denoted as the time for hog farmers to

adopt the technology after it is made commercially available. x; is a vector of independent
variables including hog farmer experience in a hog operation in years, age, education level,
his risk preference obtained from the lottery, network measures, and his attitude towards
the genomics technology; S is a vector of parameters to be estimated associated with x;;
and ¢; are unobserved factors and assumed to be normally distributed. In the ordered probit

model, the relationship between the observable y; with the latent variable y; is

4 The question in the survey instrument had six categories, however, no respondent chose the category

“adopt genomics after 10 years”, hence, in the remainder of the analysis we work with five categories.
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yi=Llifyi swu
yi=2ifuy <y Suy
yi=3ifu, <y; <ug )
yi=4ifus <yi Suy
Yi=5ifu, <y; Sus
where u; are unknown parameters to be estimated with . By normalizing the mean
and variance of the error term w, to zero and one, the probabilities for y; are
Prob(y =1|x) = ®(uy — Bx;)
Prob(y = 2| x) = ®(u, — fx;) — P(wy — Bx;)
Prob(y = 3|x) = ®(uz — Bx;) = P(uz —fx;)  (6)
Prob(y = 4| x) = ®(uy — Bx;) — P(uz — fx;)
Prob(y =5|x)=1—-d(uy — fx;)
where @ is the cumulative distribution function, and the cut-off points u; determine the
alternative of y being chosen. For example, the alternative 1 is chosen if the probability
that the latent variable y; is equal to or below u, and if y;" is located between u, and u,,
then the alternative 2 will be chosen (Areal et al., 2012). Therefore, the relationship
between the observed variable y; and the latent variable y; will help us to analyze hog
farmers willingness to adopt genomics. The equation below shows exemplarily the
modeling approach:
Vi = BattinX1i + BattizX2i + BarrizXzi + ﬁlotteryxlotteryi + ﬁcityxcity + BeaucXeauci T

.Bagexagei + .Bexpxexpi + .Bcentxcent + .Bcorexcore + .BSNA_adopthNA_adopt + & (7)
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where y;" represents the time to adopt genomics. We use the time to adopt in order to
differentiate between those who are more likely to adopt and those who are less likely to
adopt. Here, y; = 1 represents hog farmers who answered “No” to the question “Assuming
the costs are the same, would you be interested in purchasing semen made using genomics
that have demonstrated resistance to African Swine fever (ASF)?” and y; equal or greater
than 2 represents hog farmers who answered “YES” to the above question. In addition,
those who answered Yes, were then asked the following: “If YES, how soon would you
adopt this technology when it is made commercially available?”. Their evaluations about
the time to adopt this technology is based on a Likert scale with four time periods: 2 =
“After five years”, 3= “After two years”, 4= “After one year”, or 5=“Immediately.”
Bactii Battiz» and Bqeris are the coefficients for the three factors obtained from
principal factor analysis. B;,¢¢ery IS the risk preference coefficient, which is elicited from
the lottery question. Bequc, Bage aNd Beypy are coefficients for education level, age and
years in hog raising experiences of the respondent, where education level is a categorical
variable from 1 to 4, representing the highest education completed from elementary school
to undergraduate level. B.;,, is a categorical variable, which equals to 1 if hog farmers are
from Hebei and equals to 2 if hog farmers are in Chongqing. Bcen: and Lo are social
network measures, where S, iS @ dummy variable equal to one if the hog farmer is in
the core and zero otherwise and B..,,; represents centrality measures (degree, closeness and
betweenness). Bsya adopt takes into account the adoption willingness of other hog farmers
in an individual’s network (as discussed in Section 3.2.4, each individual indicated their
top 3 other hog farmers with whom they discuss hog health with). This variable is generated

by summing up y; for these hog farmers, that the individual is directly related to. This is
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then divided by the number of “other” hog farmers, since not every individual listed three
other hog farmers. In sum, this variable represents the average time to adopt genomics of

other hog farmers that the individual indicated to discuss hog health with.

4.4. Results

4.4.1. Sample Characteristics

Table 4.1 shows the summary statistics from Chongging and Hebei. 24 out of 32 hog
farmers in Chongging run operations with hogs from farrow to finish, seven focus only on
the feeder process, one hog farmer manages hogs from farrow to wean. All 14 hog farmers
in Hebei province manage hogs from farrow to finish. The results indicate that some
features are similar across the two regions. For example, most hog farmers are males with
lower education levels compared to the average level of education, which would be similar
to middle school. Most of the respondents are older than 40 years of age. At the same time,
most of them are experienced in raising hogs with the average years of raising hogs being
ten. There are some differences between the different cities, though. For example, half of
the farmers from Chonggqing are at least 50 years and more than 34% of the farmers from
Chonggqing have at least 15 years of experience in hog raising while around 36% of hog
farmers from Hebeli are at least 50 years and 2 out of 14 hog farmers interviewed in Hebei

have at least 15 years of experience in hog raising.
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Table 4.1. Summary Statistics from Chongging and Hebei

Hog farmers from Chongging (n=32) Hebei (n=14)

No. of hog Percentage  No. of hog Percentag

farmers farmers e
Operation type
Farrow-to-finish 24 75% 14 100%
Farrow-to-wean 1 3.2% 0
Feeder 7 21.88% 0
Education level
Elementary school or 4 12.5% 2 14.29%
below
Middle School 24 75% 6 42.86%
High School 3 9.38% 5 35.71%
College degree 1 3.12% 1 7.14%
Gender
Male 31 96.88% 14 100%
Female 1 3.12% 0 0
Age in years
35-39 2 6.25% 3 21.42%
40-44 8 25% 2 14.29%
45-49 6 18.75% 4 28.57%
At least 50 16 50% 5 35.71%
Experience in years
0-4 6 18.75% 0 0
5-9 6 18.75% 3 21.43%
10-14 9 28.13% 9 64.29%
15-19 years 7 21.88% 1 7.14%
At least 20 years 4 12.5% 1 7.14%

Note: * Total revenue is obtained after subtracting operation costs and adding income

from other sources.
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4.4.2. Willingness to Adopt Genomics

Hog farmers were asked to evaluate their willingness to adopt semen with genomics
technology. Three hog farmers out of 46 said they would not want to purchase semen with
genomics even if it demonstrated resistance to ASF. The remaining 43 stated that they
would be willing to adopt this technology. The follow-up question asked how soon they
would adopt to understand the timeframe within genomics could be implemented. Table
4.2 shows the timeframe of adoption. The three farmers who indicated they do not want to
purchase semen with genomics were assigned to the category “Never”. Of the 43 hog
farmers who showed interest in purchasing semen with genomics, more than half (22)
indicated they would purchase the semen immediately after being commercially available.
Table 4.2 also reveals that six hog farmers would want to adopt after one year and 10 after
two years. None of the farmers would want to wait ten years or longer to adopt. Hence,
most of the surveyed hog farmers would be willing to adopt the semen made using
genomics if it has proven ASF resistance. Given that around 90% indicated they would
adopt within two years, we consider them to be very likely adopters if the technology was

to be made available.
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Table 4.2. Willingness to Adopt Semen with Genomics Traits

No. of hog farmers Percentage
Never 3 6.52%
After ten years 0 0%
After five years 5 10.87%
After two years 10 21.74%
After one year 6 13.04%
Immediately 22 47.83%

Note: Survey question: Assuming the costs are the same, would you be interested in
purchasing semen made using genomics that have demonstrated resistance to African
Swine fever (ASF)? Yes/No; If YES, how soon would you adopt this technology when it is
made commercially available?

We also inquired whether adoption is related to the efficacy of the genomics semen.
Table 4.3 shows that hog farmers’ willingness to adopt semen with genomics increases
with the increase in maximum reduction in ASF infection. More specifically, many hog
farmers switch from definitely not adopt to adopt when the semen can demonstrate at least
a 60% reduction in ASF infection, and 26 out of 44 (roughly 60%) hog farmers will adopt
or definitely adopt the semen if it demonstrates at least 80% resistance to ASF.

Table 4.3. Relationship Between Genomics Efficacy and Adoption Rate

ASF reduced by Definitely Not (1) 2 3) 4 Definitely (5)
0%-19% 42 1 0 0 1
20%-39% 34 9 1 0 0
40%-59% 35 8 10 1 0
60%-79% 11 15 5 10 3
80%-100% 0 3 15 11 15

Note: Survey question: Latest research shows that the use of genomics information in
breeding could reduce the incidence of African Swine Fever. Given this information,
please indicate your likelihood of adopting this technology given the below reduction of

African Swine Fever in %.
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4.4.3. Attitudes towards Adoption of Genomics Technology

Table 4.4 presents the results of hog farmers’ attitudes towards adopting genomics
technology. Statements related to “safety,” including breeding safety and food safety, are
the most important factors impacting attitudes towards technology adoption. Almost all
participants think these are important factors, when deciding on whether or not to adopt
the technology, and 30 out of 44, around 68%, of hog farmers think “breeding safety”
(corresponding to the statement “Does not increase problems such as inbreeding and
increased susceptibility to other diseases”) is very important. On the other hand, statements
related to workload are not important when making adoption decisions. 32 out of 44,
around 73%, of the hog farmers think that whether or not genomics technology requires
additional training is very unimportant or unimportant, and only approximately one-third
of them believe that an increase in workload is at least important in affecting their decision

to adopt the technology.
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Table 4.4. Attitudes Towards Adoption of Genomics Technology

I Very Very
Attitudinal statement unimportant Unimportant  Neutral Important  important
Does not increase cost or
even reduce cost 0% 0% 15.91% 50.00% 34.09%
High accuracy on
breeding values 0% 0% 20.45% 52.27% 27.27%
Does not increase
problems such as
inbreeding and increased
susceptibility to other
diseases 0% 0% 2.27% 29.55% 68.18%
Ensures the production
of safe products 0% 0% 2.27% 31.82% 65.91%
Is not linked to a high
risk of malfunctioning 0% 0% 6.82% 27.27% 65.91%
Does not require
additional training 22.73% 50.00% 18.18% 6.82% 2.27%

Contributes to the

protection of resources

for future generations 0% 9.09% 11.36% 40.91% 38.64%
The technology can be

tested with small

batches of animals first 0% 11.36% 50.00% 29.55% 9.09%
Does not increase time

spending on diseases

controlling 2.27% 0% 29.55% 50.00% 18.18%
Ensures competitiveness

of your farm 0% 2.27% 9.09% 38.64% 50.00%
Does not increase

workload 2.27% 20.45% 43.18% 27.27% 6.82%

Is compatible with the
values of society and
consumers 0% 6.82% 20.45% 40.91% 31.82%

Next, we apply principal component factor analysis to reduce the number of
statements into uncorrelated factors that display hog farmers’ attitudes towards technology
adoption. The Kaiser-Meyer-Olkin criterion of sampling adequacy (Kaiser, 1970) is 0.82,
which is considered to be meritorious. In order to reduce potential multicollinearity when

including the attitudes in the ordered probit model, the factors were extracted with
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eigenvalues greater than one using orthogonal varimax rotation (Kaiser, 1958). The factor
analysis generated a three-factor solution, which explains 70.29% of the total variance of
hog farmers’ attitudes. The factor loadings are presented in Table 4.5. Cronbach’s alpha
(Cronbach, 1951) assesses the reliability of the scale composed of the variables, and the
results are reported in Table 4.5. Cronbach’s alpha results for the three factors are 0.89
(good), 0.79 (acceptable) and 0.64 (questionable).

The first factor is associated with hog farmers’ concerns about breeding by adopting
genomics technology. Breeding is an important part of a hog operation. Genomics
technology has previously been adopted in hog breeding, and has a huge impact on
revolutionizing pork production efficiency (Gillespie et al., 2004). This factor is
hypothesized to have a positive effect on adoption of genomics technology. The second
factor is associated with resource management perceptions of genomics technology
adoption. Besides the breeding information of this technology, hog farmers also pay
attention to resource investment when adopting it, including time spent on additional
training and disease control. Since most of the hog farmers in our sample are small-scale
operations, this factor is hypothesized to have less impact on technology adoption. The
third factor is competitiveness including farmers’ expectations of competitiveness. One
potential reason for hog farmers to adopt the technology is to improve their hog farm’s
competitiveness, which could increase their revenues. The competitiveness factor is

hypothesized to impact hog farmers’ technology adoption positively.
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Table 4.5. Factor Loading Results

Factor 1 Factor 2 Factor 3

Breeding Resources Competitiveness
Cronbach's alpha 0.89 0.79 0.64
Enables cost neutrality or even cost reduction  0.88
High accuracy on breeding values 0.76
Does not increase problems such as
inbreeding and increased susceptibility to 0.74
other diseases
Ensures the production of safe products 0.64
Is not linked to a high risk of malfunctioning
(reliability)
Does not require additional training 0.81
Contributes to the protection of resources for
future generations
The technology can be tested with small
batches of animals on the farm first
Does not increase time spending on disease
controlling
Ensures competitiveness of your farm 0.78
Does not increase workload 0.70
Is compatible with the values of society and
consumers

Attitudinal statement

0.58

0.70

0.63

0.67

0.47

4.4.4. Risk Preferences of Hog Farmers

Figure 4.1 shows the results from the lottery for hog farmers’ risk preferences. The
histogram displays the switching values in the lottery, which informs on subjects’ certainty
equivalent (Dohmen et al., 2010). The results indicate many hog farmers started to switch
to the safety payment at ¥300. Only 8 out of 46 hog farmers switched to the safety payment
after ¥600. This number is lower than the average winning amount of playing the lottery,
which is equal to ¥750. In fact, only one hog farmer out of 46 hog farmers switched to the

safety payment when the amount was higher than ¥750. Hence, our findings show that
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most hog farmers we interviewed were risk averse, which is consistent with previous
results from both laboratory experiments and field experiments (Jianjun et al., 2015; Liu,

2013).
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Figure 4.1. Risk Preference Results

4.4.5. Social Status, Power and Closeness among Hog Farmers

4.4.5.1. Core-Periphery Analysis

Next, we describe the social relationships of the hog farmers in all three locations
determining their social status, power and how closely related they are to other farmers.
This is then used to determine how peer effects influence the willingness to adopt genomics
technology in the ordered probit model. The Core/Periphery analysis for hog farmers from
all four different regions are shown in detail in Appendix G. Here, we display the social
networks for hog farmers with regard to farmers with whom they discuss hog health issues.
Figure 4.2 shows the network of County G in Chongging (note, for confidentiality reasons
we anonymized the names of counties). The weight of the line represents the strength of

the connection between two actors. A thicker line represents the fact that both interviewees
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indicated each other as one of the top three farmers to discuss hog health with. In other
words, a thick line indicates both actors mentioned each other while a thin line means that
only one actor mentioned the other. For instance, G2 and G1 both mentioned each other as
a main actor to discuss hog health with, but between G2 and G4 only one mentioned the
other. Figure 2 indicates the relationships of G1 with G2, and of G3 with L5 are stronger
than other relationships. Results from Figure 2 also indicate G7 and G10 not only have a
high number of connections but are also connected to farmers who are linked to many other

hog farmers.
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Note: The thick lines indicate that both actors mentioned each other as important hog
farmers to discuss hog health with (G2 to G1 and G3 to L5). Conversely, the remaining
thin lines indicate that only one actor mentioned the other, e.g., between G2 and G4 only
one mentioned the other. G1 to G11 and L5 indicate the 12 actors of the network in this

particular location.
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Figure 4.2. Social Network of Hog Farmers in G County

Figure 4.3 depicts the social network for hog farmers in County L in Chongging.
Again, the thickness of lines represents the closeness between actors. The thicker the line
is, the stronger is the relationship between two persons. Figure 4.3 indicates hog farmers
in L County are not well connected. Only G3, who is from another town has a strong
relationship with L5. L1, L3, L5, L7 and L8 are five hog farmers in the core because of the

stronger relationship between them when compared to others.
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Figure 4.3. Social Network for Hog Farmers in L County

Figure 4.4 depicts the social network of hog farmers in County S in Chongging.
Hog farmers in S County are more connected compared to Counties L and G. There are
also stronger relationships among hog farmers. For example, S6 has a close relationship
with both S3 and S7, while S7 is also close to S4. In this case, it is not surprising that S3,

S6, and S7 are in the core.
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Figure 4.4. Social Network of Hog Farmers in S County

The social network for hog farmers in a village in Hebei province is shown in Figure

4.5. Unsurprisingly, hog farmers from the same village are more connected than those from
different counties in Chongging. Figure 5 also indicates that there is a strong relationship
among H3, H4 and H6, and H12 is well connected with both H13 and H14. The strong

relationships among H3, H4 and H6 lead them to be in the core while others are in the
periphery.
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Figure 4.5. Social Network of Hog Farmers in a Village at Hebei Province

4.4.5.2. Centrality Measures for Chongging and Hebei

Next, we discuss the centrality measures for hog farmers. Note, tables with details on the
centrality measurement results for hog farmers in all counties are provided in Appendix H,
I, J, and K. The centralities, no matter whether it is degree, closeness or betweenness
centrality, are used to measure the importance of each actor in the social network with
regard to information flow of hog health related information. We find that G7 and G10
have the highest Freeman’s degree centrality, which means they have more connections
than others. Interpreting results of normalized closeness centrality, a higher number means
that one person is closer to other people, hence, being able to pass on or receive information.
Results indicate G10, who has the highest normalized closeness centrality, is quite
important in the network. On the other hand, not surprisingly, L4, a hog farmer from L
County, is the least important person in this network. In terms of betweenness Centrality,

G7 has the most power to pass on information in the network. This is consistent with the
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result from closeness centrality, given that betweenness centrality only measures use of the
geodesic path.

The centrality results from L County are similar to the results from G County. Three
hog farmers have the highest Freeman’s degree, which means they have the largest number
of connections. Results from both closeness centrality and betweenness centrality indicate
that hog farmers with the largest closeness centrality are also the ones with the high
betweenness centrality.

The centrality results for S County show that S7 is connected to 5 hog farmers
directly among a total of 11 hog farmers. This is similar to the results from L county. The
results of closeness and betweenness centralities illustrate that S7 and S1 are the two most
powerful hog farmers in the network. Both of them are the most reachable farmers who
will receive/pass on information to other hog farmers.

The centrality results for hog farmers in a village in Hebei province show that H5
has five direct connections among a total number of 14 hog farmers, which is the largest
number of connections. On the other hand, H10 and H11 are two farmers who have the
lowest Freeman’s degree centrality. Results of closeness centrality and betweenness
centrality show that H5, the one who has the highest number in Freeman’s degree is also
the most reachable and has the most power to activate this network. In contrast, H6 is
relatively difficult to reach and needs more time to activate information flow in the network
even though he has three direct connections. Surprisingly, H7, who has less direct
connections than H4, has the larger degree of betweenness centrality, which means he

could activate information flow in this network in the shortest amount of time.
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4.4.5.3. Relationship between Social Networks and Willingness to Adopt Genomics
Technology

Next, we test if the relationships among the farmers affect their willingness to adopt
genomics technology. Previous literature has found that networks are formed along
homophilous lines; that is, among people who are similar to each other (Jackson, 2008;
Matuschke and Qaim, 2009). To test this hypothesis with regards to willingness to adopt
genomics, we start by conducting differences-in-means tests for the willingness to adopt
variables between hog farmers and their network partners.

To create the adoption variables for hog farmers’ network partners, we first
matched the names they indicated to discuss hog health with to the names of those who
were also interviewed. Results indicate that for 42 out of 46 hog farmers we interviewed,
we also interviewed at least one of the hog farmers they indicated to discuss hog health
with. As Table 4.6 shows, for a large percentage of hog farmers in the three counties in
Chongging only one network member was interviewed, but in the village in Hebei province
the number of network members interviewed increased to 2. Given that hog farmers in
Hebei are all from the same village, they live closer together than farmers from Chongging.
Thus, this result is consistent with our expectation.

Table 4.6. Number of Network Members We Interviewed in Two Cities

Number of network members ~ Chongging (%) Hebei (%)
0 2 (6%) 2 (14%)

1 17 (53%) 4 (29%)

2 8 (25%) 7 (50%)

3 5 (16%) 1 (7%)
Total 32 (100%) 14 (100%)
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Following Matuschke and Qaim (2009), we created the adoption variables of the
network members equal to the sum of each network member obtained by dividing the
number of network members we interviewed. The detailed results for the difference-in-
means test for the adoption variables between hog farmers and their network members are
also presented in Appendix L. In order to compare genomics technology adoption decisions,
we chose answers for multiple genomics adoption related questions, (1) timeframe for
adoption and (2) adoption based on different reduction rates of ASF. Results indicate there
is no statistically significant difference among answers given by hog farmers themselves
compared to the answers from their network members. This result confirms that hog
farmers form their networks with farmers who are similar to them. However, one has to be
cautious when interpreting this result because the fact that we find the farmers are not
significantly different does not suggest that they are significantly more similar than others
or influence each other. Also, while it is possible that a central actor is not more likely to
adopt genomics, his behavior might influence peers close to him, whether he decides to
adopt or not.
4.4.5.4. Relationship between Social Networks and Risk Preferences
Next, we also conducted a mean-difference test to evaluate whether network members have
similar risk preferences. The results in Appendix L indicate there is no statistically
significant difference for risk preferences among hog farmers compared to their network
members. While this result confirms that hog farmers form their networks with farmers
who are similar to them, the findings need to be interpreted cautiously keeping the

arguments brought in the previous section in mind.
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4.4.6. Hog Farmers’ Willingness to Adopt Genomics Technology

4.4.6.1. Effect of Attitudes and Risk Preferences on Hog Farmers’ Willingness to Adopt
Genomics Technology

To test the relationship between attitudes, risk preferences, and willingness to adopt
genomics rather sooner than later (or never), we estimated ordered probit models. Overall,
the result from the likelihood ratio test is significant, which indicates that this model has
satisfactory explanatory power. In addition to attitudes towards genomics and risk
preferences, we included age, education, as well as, experience with hog farming in the
model. The parameter estimates are presented in Table 4.7.

Risk preference, the factor that is associated with hog farmers’ concerns about
breeding with genomics technology, City and Years of experience variables are statistically
significant in affecting the time hog farmers would take to adopt the technology. More
specifically, the significant and positive Risk preference variable suggests that hog farmers
who are less risk averse are more likely to adopt semen produced using genomics sooner.
This result indicates that the more risk averse hog farmers are, the less likely they are to
adopt the new technology quickly. The significant and negative Years in experience
variable indicates that hog farmers who have raised hogs for a long time are more likely to
adopt the genomics semen at a later point in time. Participants living in Chongqing are
more likely to adopt the semen made using genomics in a shorter time frame. This result is
consistent when we consider the fact that ASF had worse consequences for hog farmers in
Chongging compared to farmers in Hebei. The significant and positive Factor 1_Breeding
variable indicates that hog farmers who consider the breeding effect of genomics as
important are more likely to adopt the technology sooner. The other factors are
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insignificant, suggesting that hog farmers’ attitudes towards resources and competitiveness
do not significantly affect their genomics adoption decision.

Table 4.7. Effect of Risk Preference and Attitudes on Adoption of Genomics

Explanatory variable Coefficient Z-statistic
Factorl_Breeding 0.472* 1.84
Factor2_Resources 0.092 0.43
Factor3_Competitiveness -0.164 -0.56
Risk preference 0.179*** 241
Education 0.096 0.28
Years in experience -0.063* -1.85
City 1.010* 1.70
Log-likelihood -49.026

Likelihood ratio test 14.07***

Pseudo R-squared 0.135

Note: *** ** * indicate significance at 1%. 5%, 10% level, respectively. N=44

4.4.6.2. Effect of Social Status, Power and Closeness on Hog Farmers’ Willingness to
adopt Genomics Technology

To test how hog farmers’ social network status affects their willingness to adopt genomics
sooner rather than later (or never), we model the effect of social network metrics on the
willingness to adopt. The significant result for the likelihood ratio test indicates that the
model has satisfactory explanatory power. The dependent variable indicates the timeframe
within a given hog farmer would adopt genomics technology, ranging from never to
immediately. We start by estimating separate ordered probit models including variables for

centrality (degree, closeness, betweenness), core/periphery and other hog farmers’
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willingness to adopt genomics (see Table 4.8). We do not include a model with all three
centralities given that they are highly correlated.>®

Results in Models 1-3 show that neither degree, closeness, nor betweenness
centrality significantly affect adoption. We also test whether those hog farmers who are in
the core of a network would adopt genomics technology in a shorter timeframe. However,
results in Model 4 show that the “core” variable is insignificant.

Next, we test whether the willingness to adopt of hog farmers in the social network
of a given hog farmer will affect his willingness to adopt. The significant and positive
results in Model 5 show a hog farmer’s peers’ adoption decisions are positively correlated
with their own adoption decision. Results do show the sooner one’s peers would adopt
genomics, the more likely the hog farmer himself would adopt this technology in a shorter
timeframe (given that the dependent variable indicated timeframe from immediately adopt
to never adopt). However, one has to be cautious in interpreting this finding given that we
interviewed only a few non-random members for each participant. Thus, based on the
“friendship paradox” (on average, a hog farmer’s ‘friends’ have more friends than he has
(Feld, 1991)), these are seemingly more central than the average farmer and could therefore

potentially have a stronger influence on others.

5 The correlation coefficient between degree and closeness centrality is 0.6593, and the correlation
coefficient between closeness and betweenness centrality is 0.6271. The correlation between degree and
betweenness centrality is 0.5149.

6 Closeness and betweenness centralities are normalized before entering the model.
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Table 4.8. Social Network Effects on Adoption of Genomics

Model 1 Model 2 Model 3 Model 4 Model 5
Degree -0.173
Closeness -0.014
Betweenness -0.008
Core 0.230
SNA_adopt 0.860***
Log-likelihood -62.197 -62.322 -62.654 -62.643 -51.697
LL test 1.57 1.58 1.50 0.60 9.72%**
Pseudo R2 0.013 0.011 0.005 0.006 0.148
N 46 46 46 46 44

Note: *** ** * indicate significance at 1%. 5%, 10% level, respectively.

4.4.7. Joint Effects of Farmer Characteristics and Network Effects on Technology
Adoption

Table 4.9 reports models that combine farmer characteristics and network effects. Note,
the variable “City” was excluded in the models including SNA_adopt because of high
correlation (0.55633). The significant result for the likelihood ratio test indicates that all
five models have satisfactory explanatory power. Findings are overall consistent with
results presented in Tables 4.7 and 4.8, demonstrating the robustness of our analysis.
Results indicate that neither degree, closeness, nor betweenness centrality; or whether
farmers are in the core of a network affect their time frame for adopting genomics.

Model 6 in Table 4.9 is the most comprehensive model, hence, we will discuss these
findings in detail. Risk preference is significant and negative, indicating that the riskier
one’s behavior, the more likely to adopt genomics technology rapidly. The more
experienced the hog farmer, the more likely to adopt the new technology later. Hog farmers

who consider the breeding effect of genomics technology as important are more likely to
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adopt genomics sooner. Hog farmers’ willingness to adopt genomics is also affected by

their peers’ preferences in that the sooner their peers are to adopt it, the more likely they

are to adopt more rapidly. However, as mentioned above, we interviewed non-random

actors, hence, our findings might be biased by the “friendship paradox” (Feld, 1991).

Table 4.9. Effect of Social Networks, Risk Preferences and Attitudes on Adoption of

Genomics

Model 1  Model 2 Model 3 Model4 Model5 Model 6
Factorl_Breeding 0.553* 0.678**  0.527**  0.473* 0.537* 0.550*
Factor2_Resources 0.167 0.100 0.052 0.093 -0.209 -0.111
Factor3_Competitiveness -0.141 -0.003 -0.078 -0.162 -0.276 -0.190
City 0.857 0.884 1.131* 1.010*
Risk preference 0.158**  0.160**  0.138 0.179**  0.214*** (.180**
Education 0.019 0.112 0.152 0.096 -0.206 0.262
Years in experience -0.055*  -0.067** -0.063* -0.063*  -0.069** -0.060*
Degree -0.270 -0.216
Closeness -0.029
Betweenness -0.012
Core 0.009 0.170
SNA_adopt 1.052**  0.957***
Log-likelihood -47.767 -47.740 -48.501 -49.027 -42.637 -42.151
LL test 13.58***  16.70*** 18.49*** 14.09*** 22.46*** 28.19***
Pseudo R2 0.157 0.158 0.144 0.135 0.217 0.226

Note: *** ** * indicate significance at 1%. 5%, 10% level, respectively. N=44
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4.5. Discussion and Conclusion

The outbreak of ASF has had a substantial negative impact on the Chinese pork industry
since 2018. Researchers around the world are trying to find a treatment for this disease and
using genomics technology could provide a possible solution (Mazur-Panasiuk et al., 2019).
In fact, genomics technology has been used before, e.g., in order to control the “Blue Ear
Disease” in 2015. However, many Chinese people still hold negative views towards
genomics. Previous literature finds that farmers’ risk preferences and their attitudes
significantly impact their technology adoption decisions (Areal et al., 2012; Gillespie et al.,
2004). In addition, there is abundant literature, which finds that social relationships have a
significant impact on human behavior (Marsden & Friedkin, 1993, Granovetter, 1973). For
instance, hog farmers who have strong ties with stakeholders will acquire new knowledge
easier (Santos et al., 2021). Also, hog farmers in networks with more adopters might be
more likely to adopt it themselves. Therefore, this paper attempted to understand hog
producers’ willingness to adopt genomics to breed hogs that are more resistant towards
diseases like ASF focusing on the effects of risk preferences, attitudes and social networks.

Exploratory results from 46 hog farmers from three counties in Chongging and a
village in Hebei province indicate most hog farmers we interviewed are highly risk averse
and the semen created with genomics would need at least a 60% reduction in ASF infection
in order to attract more adoption from hog farmers. Results from ordered probit models
suggest hog farmers who are more risk averse and have more hog operation experience are
more likely to adopt the semen at a later time. This finding is in line with Nie et al. (2021),
who found that risk preferences of Chinese coastal farmers have a significant impact on

farmers’ decisions related to technology adoption. Results from social network analysis
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indicate that hog farmers are closely connected. This result is consistent with findings from
Santos et al. (2021), who found that networking among farmers in South Brazil is high,
providing a favorable environment for information dissemination. Xia et al. (2020) also
found the small-world phenomenon that farmers from the same village in southern parts of
China are well connected. The high correlation between three centrality measures
illustrates that the hog farmer who has the highest number of connections is always the one
who is the most reachable. This result is supporting the findings from Wang et al. (2021),
that households with more connections are easier to access resources and opportunities,
which will improve their livelihood resilience.

This study also tested whether hog farmers are similar to their networks in adoption
decisions with respect to genomics technology and whether they have similar risk
preferences. The mean-difference test results indicate hog farmers’ networks are formed
along homophilous lines. There is no significant difference in results between the genomics
adoption time frame of a particular hog farmer and the time frame from their peers. This
indicates they not only have similar risk preferences, but also share similar attitudes
towards adopting genomics technology. However, one has to be cautious when interpreting
this result since an insignificant difference does not mean the hog farmer and their peers
are being significantly more similar than other hog farmers they are not directly connected
with. What we may observe is that central actors are not more likely to follow
recommendations for genomics than others, however, the position they take has the
potential to influence their acquaintances, independently of whether they are for or against

adoption of genomics.
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Results for all hog farmers’ social status, power and centrality measures including
degree, closeness, betweenness centrality and core-periphery in each model are
insignificant indicating that hog farmers’ positions in their social networks do not affect
their time frame for genomics adoption significantly. However, findings show that the time
frame that hog farmers prefer to adopt genomics is significantly and positively correlated
with their peers’ time frames regarding genomic technology adoption; but this result needs
to be viewed with caution since we only interviewed one or two peers of each hog farmer
and the peers we interviewed were not randomly included in the study.

To conclude, this study explored hog producers’ willingness to adopt genomics to
breed hogs that are more resistant towards ASF. Data were collected during the ASF
outbreak in China, focusing on the effects of farmers’ risk preferences, attitudes and social
networks. Because of the difficulty in collecting data, the sample size is relatively small.
Future research using large datasets from more places in China will be helpful in further
determining hog farmers’ motivations to adopt genomics technology. It might be fruitful
to collect larger samples of social network data including participants randomly to further

investigate preferences for technology adoption.
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CHAPTER 5
COMMUNICATION IN TIMES OF CRISES: INFORMATION FLOW AMONG
CHINESE HOG PRODUCERS DURING THE AFRICAN SWINE FEVER

OUTBREAK

5.1. Introduction

African Swine Fever (ASF) is a highly contagious and deadly viral disease affecting both,
domestic and wild pigs of all ages (USDA, 2019). Pigs with a highly virulent strain of ASF
typically experience high fever, decreased appetite, weakness, coughing, and difficulty
breathing. ASF is often characterized by high morbidity and mortality rates, and most
infected pigs die within ten days (Shao et al., 2018; USDA, 2020). Most importantly, there
IS no vaccine or treatment for ASF, yet. Hence, for hog producers it is a disaster if their
hogs contract ASF.

The ASF virus was first identified in Kenya in the 1920s. It had an enormous economic
impact on Europe’s economy ever since it first appeared there, in the 1990s. In 2007, the
virus returned to Africa and reached the East territory of the European Union in 2014,
causing havoc in all European countries (Galindo and Alonso, 2017). For example, in
Russia ASF killed more than 800,000 hogs between 2007 and 2017 (Kolbasov et al., 2018).
In summer 2018, the ASF virus was identified in China and the Ministry of Agriculture
and Rural Affairs of China (MARA) reported the first ASF case in Liaoning province. Ever
since, ASF has tremendously affected China’s hog industry. By May 2020, MARA
recorded over 170 cases from 32 provinces. As a result, more than 1.2 million hogs were

culled (Gong et al., 2020), leaving hog producers devastated.
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Because hog producers’ livelihood is at stake during an ASF epidemic, they are highly
sensitive to any news about ASF, which provides an environment for information to spread.
While in need of relevant information (e.g., how to proceed when a hog is infected) there
is a risk of falling victim to what has lately been dubbed “fake news.” Hog producers are
vulnerable to misinformation circulated by market actors attempting to benefit from the
crisis. For example, certain criminal gangs started spreading rumors about the virus to force
producers to sell pigs below market price (Liu, 2019). Besides the intentional rumors, there
is also fake news diffused among hog producers. For example, the ASF vaccine, which was
reported as commercially available in May 2020 was proven to be fake and illegally
produced (Reuters, 2020). Most importantly, it has been found that stories involving fake
news are typically disseminated significantly farther, faster, deeper, and more broadly than
the truth (Lazer et al. 2018; Vosoughi, Roy, and Aral 2018). At the same time, hog
producers in China have taken different actions because of the disease outbreak. Some
choose not to replenish herds while others continue to expand (Xu, 2019; Liu, 2019).
Therefore, the spread of information can have serious consequences during an epidemic,
which makes it necessary to understand how information flows in times of crisis.

Previous studies have shown the effect of social relationships on dissemination of
information and behavioral characteristics (Marsden and Friedkin, 1993; Granovetter,
1973). For instance, if a hog producer is well-connected, e.g., with other hog producers and
veterinarians, he is less likely to fall victim to a scam. Ghorbani et al. (2022) studied the
trusting relationships of rural women involved in the local organization in Iran using social
network analysis and found farmers have higher level of trust to other farmers if they are
in the same organization compared to those who do not belong to their organization
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(Ghorbani et al., 2022). Brehm et al. (2004) found people who share the same religion and
have resided longer in a community will have a higher social attachment to the community.
Previous literature has studied the benefits of increasing the efficiency of information flow,
such as, increasing welfare. For example, Ramirez (2013) found social networks can
enhance adoption of new technology by increasing the information flow and knowledge
exchange between actors in the network. Jensen (2007) found the adoption of mobile
phones by fisherman in India can reduce price dispersion and increase consumer market
efficiency. Aker and Fafchamps (2015) found similar results on the producer side, where
mobile phone adoption could reduce spatial producer price dispersion and increase
producer welfare. In addition to the benefits of increasing information flow efficiency,
previous studies have shown how information spreads among producers. For example,
Jackering, Godecke and Wollni (2019) analyzed how information spreads in Kenya, mainly
focusing on the flow of agricultural information and nutrition information, respectively.
They found nutrition information is mainly exchanged within farmer groups to a more
limited extent compared to the flow of agricultural information. Skaalsveen, Ingram and
Urquhart (2020) studied the effect of information flow among producers in England on the
implementation of no-till farming practices and found most producers said they preferred
face to face meetings with others. However, internet platforms and social media like
Twitter are crucial for communication among producers who live farther away from each
other. In their studies on knowledge exchange regarding sustainable soil management for
producers in the European Union, Mills et al. (2019) found that Twitter is efficient in

spreading information; while Thompson (2021) concluded that local media are important
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for rural Americans to obtain local news and information in order to participate in local
activities.

Building on these studies, findings from our research can also inform on how behavior
has been changing during the pandemic of COVID-19. The information flow during ASF
could be compared to the information flow during COVID-19. What are the methods
individuals use to communicate with each other, and how often and with whom do they
communicate and share information during a disease outbreak? The answers to these
questions are important for stakeholders to know if they want to transmit correct
information and control the spread of misinformation more effectively.

Hence, our objective is to analyze how information spreads during a time of crisis and
aim to understand how social influence affects (hog farmer) behavior in the presence of a
disease outbreak. The present study contributes to social relationships among producers
and how information spreads during the outbreak. In a broader context, these findings could
be transferred to any individual during a time of crisis.

How actors respond to information and how they share knowledge is important for
stakeholders to know, so they can understand the flow of information, are able to transmit

information efficiently, and can control spread of misinformation more effectively.

5.2. Methodological Background

5.2.1. Design of the Study
To test information flow during the ASF outbreak, we conducted a face-to-face survey in
Chongging, China in the summer of 2019. The survey was translated from English to

Chinese by the research team before presenting it to the hog producers. Chongging; one of
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four municipalities in China; is a big city located in southwestern China with more than 30
million citizens. Chongqing is well-known for both hog production and pork consumption.
The data from National Bureau of Statistics of China (NBS) showed Chongging ranking
eleventh in hog production out of all provinces in China, with more than 17.58 million pigs
bred in 2018. However, hog production per citizen is much greater than in the rest of the
country. People in Chongqing prefer to eat pork. Chongging citizens consume an average
of 74 Ibs of pork annually, ranking second out of all provinces, just behind the neighboring
Sichuan province (Sina, 2019).

The outbreak of ASF had a massive effect on the hog industry in Chongging. After the
first ASF case in Chongging was reported by MARA on Nov. 4th, 2018 a total of three
ASF cases were reported in Chongging. The first event occurred in Bishan, Chongging, on
December 18, 2018 and the third event happened in Shizhu, Chongging, on March 21, 2019.

In addition to surveying hog producers in Chongging, we also collected data from a
village in the Hebei province. There are two main reasons to choose to survey hog
producers from Hebei. First, according to MARA, the outbreak of ASF did not spread to
Hebei province. Second, Hebei province is located in the northern part of China allowing
for a comparison of the South and the North. Hebei is also famous for its hog production
industry. The data from the Ministry of Agriculture (MOA) indicate that Hebei province
ranked eighth place in hog production for all provinces in 2016 with more than 34.54
million hogs. However, different from the diet in Chongging, the average pork
consumption per capita in Hebei ranks only 22nd out of all 31 provinces in China (Sina,

2019). By comparing the results from Chongqging to Hebei, we aim to test how
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generalizable our results are, accounting for regional effects of information flow during the
ASF outbreak.

We received a total of 65 completed surveys in the Chongging district from three
different counties and were left with 32 valid surveys for data analysis after eliminating 33
surveys that were filled out by neighboring producers and one survey from a farmer who
earned less than 50% of their total income from raising hogs in 2018. We eliminated the
small-scale farmer to be able to analyze information flow from more professional hog
producers instead of from producers who only raise hogs to provide food for themselves.
In addition, a total of 14 valid surveys were received from Hebei.

Collecting the data proved challenging given that individual hog farmers were
concerned about meeting in person during the outbreak of the highly contiguous ASF.
Hence, our sample size is relatively small. However, the overall sample size is comparable
to other explorative, qualitative interviews, and expert interviews with sample sizes often
being below 30 (e.g., see studies by Sonneville et al. (2009), Lachal et al. (2012), Bennet
et al. (2013), Van Gilder and Abdi (2014), Takashi et al. (2016), Hunold et al. (2017), and
Mitter et al. (2019), ranging from 12 to 21 participants). Second, our modeling relies on a

panel structure which results in a higher number of observations.
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5.2.2. Survey Instrument

As mentioned, the data used in this study were obtained using face-to-face interviews. The
questionnaire contained demographic information including gender, age and education
level, as well as hog farming’s operating characteristics such as the type of hog farming
(farrow to finish, farrow to feeder etc.), revenue and the costs associated with hog raising,
including insurance and labor. The main part of the survey focused on the social networks
relationship of hog producers related to the ASF outbreak. Hence, all questions regarding
their relationships with others were phrased towards hog health. The rationale for this is
that in times of crises, stakeholders need to disseminate information related to
health/diseases. Therefore, we investigate the information flow related to hog health. The
questions inform us as to how close the producers are to each other, and how often they
connect with other hog producers, veterinarians, and sales agents to uncover the
information flow among them as it relates to hog health.

To measure the closeness of the relationship with other hog producers, veterinarians,
and sales agents, we first asked hog producers to think about other hog producers,
veterinarians, and sales agents they always discuss hog health with and how close they are
to them. Then, we asked them to list the top 3 names of other hog producers, veterinarians,
and sales agents, respectively and to rate their relationships to them based on a Likert scale
that indicated four relationship categories: 1=acquaintance, 2=friend/kinship, 3=good
friend/kinship, or 4=close friend/kinship.

To operationalize information flow among hog producers and their hog farmer peers,
veterinarians, and sales agents, we first divided their communication based on: (1) their
communication modes; and (2) their periods of communications. The three communication
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modes included were social network text (We Chat, etc.); phone call/online calling (e.qg.,
video chat), and in-person meetings. The two periods included were communication
frequency before the ASF outbreak and after the ASF outbreak. We collected data on the
communication frequency between hog producers and each stakeholder via the three
communication modes, and before and after the ASF outbreak. Participants indicated their
communication frequency on a Likert scale from 1 to 6 for each of the other actors
(producers, veterinarians, sales agents), where 1=Less than monthly; 2=Monthly; 3=A few
times a month; 4=Weekly; 5=A few times a week, and 6=Daily.

5.2.3. Random Effects Ordered Probit Model

In our study, we measure the flow of information among hog producers in terms of
communication frequency for each interviewed hog farmer with other hog producers,
veterinarians and sales agents. The corresponding question asked participants to indicate
how often on average they were (before ASF) and are (now) in contact with their three
most important individuals as it relates to hog health. We asked for three contacts each for
producers, veterinarians and sales agents, and offered the aforementioned modes of
communication. See Appendix M (Q8-Q9) for the survey instrument. There are a total of
six answer categories (1) Less than monthly, (2) Monthly, (3) A few times a month, (4)
Weekly, (5) A few times a week, and (6) Daily. Because only a few hog producers chose
(6) Daily as the frequency to communicate with others, we combined (6) Daily with (5) A
few times a week into “At least a few times a week”. Therefore, we have a total of five
categories to indicate the communication patterns between each hog farmer with other

actors.
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In order to shed light on the information flow during a time of crisis we collected data
on communication patterns for both, before and after ASF. Given the ordinal data structure,
we use a random effects ordered probit model to estimate the effect of ASF on
communication patterns among each hog farmer with other hog producers, veterinarians
and sales agents. Different from the multinomial probit model, the ordered probit model
accounts for the ordinal nature of the dependent variable, especially when the multinomial-
choice variables are inherently ordered. For example, the dependent variable “difference
in frequency of meeting with veterinarians before and after ASF” in our model is the
difference of the Likert Scale numbers, which means the number is ordinal instead of
cardinal. Similar to other probit models, the ordered probit model begins by assuming a
linear functional form for a respondent’s indirect utility function. The unobserved
preference obtained by hog producer i to maintain the frequency in communication with
other people before or after ASF is:

Yie = Bxit + &t 1)

where x; is the vector of independent variables including the identity of the person

(hog farmer, veterinarian or sales agent); communication frequency before and after ASF,
and location of hog farmer. S is a vector of coefficients associated with x;, and ¢; is an
error term assumed to follow a standard normal distribution. y; is the observed ordinal
variable, denoted as the frequency of communication with other people, which contains the

following structure:

Yie =] S Uji—1 <Yit (2)
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where j=0, ...., M is the number of possible y outcomes where the highest category is

M and u;’s are unknown cut-off values. In our case, M is equal to five. By assuming the

error term ¢; to follow a standard normal distribution, the probabilities for y; are

—Bx;
Proie=0) = | ¢lew)der = (-

us—Bx;

Pr(y;=1) = fﬁ P (eip)dey = P(uy — Bxi) — P(—Lxy¢)
...... 3)
upm-1-px;
Privie =M —1) = | | Bladde =@ = fx) = Sz = Bxe)
upy—PBx;
Prive =M= | plede =Gy~ B = s =)

=1—DP(uy_1 — Bxir)
where ¢ and @ are the standard normal probability density and cumulative

distribution functions, respectively.

Maximum likelihood estimation (MLE) was used to estimate the random effects
ordered probit model. The log-likelihood function is

Ln L = 2?’:1 29‘4=0 Zijln[(bit,j - q)it,j—l] (4)

where Z;; is an indicator variable equal to 1 if y;, = j and O otherwise.
5.2.3.1. How do hog producers communicate during a time of crisis?
To test if hog producers communicate more or less frequently with others after the outbreak
of ASF, we estimate three models. The first model includes communication frequency
before the crisis, the second model includes communication frequency after the ASF

outbreak, and the third model includes all variables, as well as, a dummy variable to
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indicate “After ASF Outbreak” equal to 1 if the communication occurred after the outbreak.
With these models, we test specifically whether hog producers’ frequency of remote
communication (e.g., using text or social media) increased after the disease outbreak; and
whether their frequency of in-person communication decreased after the disease outbreak.
Given how contagious ASF is, we hypothesize that producers still communicate and
transmit information, however, they might rather rely on socially distant means to do so.
5.2.3.2. Does geographic distance between hog producers lead to less frequent
communication?

To test if greater geographic distance between hog producers and others reduces the
communication frequency, we include a “Chongqing” dummy variable, which equals 1 if
producers live in Chongging and 0 if they live in Hebei. We also add an interaction term
to indicate communication frequency after the outbreak in Chongqing: “After_Chongqing”
in the full model to further test whether the geographic distance among hog producers has
an effect on communication frequency after the disease outbreak.

5.2.3.3. How does closeness of relationships affect communication patterns?

To test if a closer relationship between hog producers and others makes a change in
communication frequency less likely, we estimate a weighted model by adding information
regarding the closeness of the relationship with other hog producers, veterinarians, and
sales agents. To measure this, hog producers were evaluated on a Likert scale that ranged
from 1 to 4 whether the other actors (producers, veterinarians, sales agents) are an
“Acquaintance”; a “Friend or kin”; a “Good friend”; or a “Close friend” (Marsden and
Campbell, 1984). In the weighted model, we weigh all connections between the actors with
the weights from the Likert scale. For instance, a relationship to a close friend is now coded
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“4” instead of “1” and a friend is coded “2” instead of “1”. Table 5.1 summarizes all

variables used in the subsequent analysis.
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Table 5.1. Summary of Variables Used in the Analysis

Variable

Variable definition

Chongging

Producer 1/2/3

Vet 1/2/3

Sales 1/2/3

Text
Phone
After

After_Chongging

Dummy variable equal to 1 if the communication is measured for
hog producers in Chongging, 0 if it was measured for hog
producers in Hebei.

Unweighted model: Dummy variable equal to 1 if the respondent
communicated with hog producer 1/2/3, 0 if there was no
communication.

Weighted model: Categorical variable equal to 0, 1, 2, 3 or 4 if
there was communication between the respondent and hog
producer 1/2/3 and they are not connected (0), “Acquaintances”
(1), “Friend or kin” (2), “Good friend” (3), “Close friend” (4).
Unweighted model: Dummy variable equal to 1 if the respondent

communicated with veterinarian 1/2/3, 0 if there was no
communication.

Weighted model: Categorical variable equal to 0, 1, 2, 3 or 4 if
there was communication between the respondent and veterinarian
1/2/3 and they are not connected (0), “Acquaintances” (1), “Friend
or kin” (2), “Good friend” (3), “Close friend” (4).

Unweighted model: Dummy variable equal to 1 if the respondent
communicated with sales agent 1/2/3, O if there was no
communication.

Weighted model: Categorical variable equal to 0, 1, 2, 3 or 4 if
there was communication between the respondent and sales agent
1/2/3 and they are not connected (0), “Acquaintances” (1), “Friend
or kin” (2), “Good friend” (3), “Close friend” (4).

Dummy variable equal to 1 if the communication frequency is
measured for using text, O otherwise.

Dummy variable equal to 1 if the communication frequency is
measured for using phone, 0 otherwise.

Dummy variable equal to 1 if the communication is measured after
the ASF outbreak, 0 otherwise.

Dummy variable equal to 1 if the communication frequency is
measured for hog producers in Chongging after the ASF outbreak,
0 otherwise.
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5.3. Results

5.3.1. Sample Characteristics

The summary statistics of both demographic and hog operation information for hog
producers from Chongging and Hebei are presented in Table 5.2. 75% of hog producers
in Chongging manage the pigs for the duration of growth and development (farrow to
finish), 7 out of 32 focus only on the feeder process, one hog producer operates with hogs
from farrow to wean. All 14 hog producers in Hebei province manage pigs from farrow to
finish, which means they manage the pigs for both growth and development durations.
Most hog producers in both regions are male and less educated, and more than 40 years
old. They have been raising hogs on average for more than ten years. Differences between
the cities are, e.g., the variation in total revenue from hog operations which is higher in
Chongging compared to Hebei. A result that could be supported by the huge variation in

hog mortality rates.
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Table 5.2. Summary Statistics from Chongging and Hebei
N Mean SD Min Max

Hog producers from Chongging

Operation type 32 147 084 1 3
Education level 32 203 060 1 4
Age in years 32 4881 6.74 37 65
Gender (male) 32 99% 018 O 1
Experienced in year 32 1209 6.99 2 30
Total revenue in 10,000 RMB per year* 32 3791 61.20 4 280
Hog producers from Hebei
Operation type 14 1 0 1 1
Education level 14 236 .84 1 4
Age 14 46.14 6.41 37 56
Gender (male) 14 100% O 0 1
Experienced in years 14 1057 396 5 20
Total revenue in 10,000 RMB per year* 14 836 369 3 15

Note: * Total revenue is obtained after subtracting operation costs and adding income
from other sources.

5.3.2. Impact of ASF on Information Flow

This study mainly focusses on information flow before and after ASF testing different
information channels, such as, in person, text, or call. We test this for social networks of
hog producers who are important to the interviewee with regards to hog health, namely,
the interviewed hog producer’s networks of other hog producers, veterinarians, and sales
agents.

5.3.2.1. Information flow in Chongqging

Estimates of the impact of ASF on information flow with other hog producers,
veterinarians and sales persons in Chongging are provided in Table 5.3. Results show that
before the ASF outbreak, hog producers always preferred to communicate with other hog
producers and veterinarians in-person to discuss hog health. After ASF occurred, hog

producers tended to connect with other hog producers and sales agents through text or
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phone while in-person communications were reduced. These findings are statistically
significant, as indicated by a paired t-test. Our findings indicate that an epidemic with
highly transmissible viruses like ASF significantly diminishes quality and quantity of
information transmitted given producers are now abstaining from meeting other hog
producers and salespersons. Previous literature indicates that meeting in person is more
efficient than phone calls, and that phone calls are more efficient in passing information
than texting (Kumar and Epley, 2020; Roghanizad and Bohns, 2017; Sadikaj and
Moskowitz, 2018). This would suggest that less information is transmitted which could
hinder less efficient treatment. Results match previous research which indicate that hog
producers always met with other hog producers in person before the spread of ASF (Fei,
1947). Ultimately, the spread of ASF significantly decreases the amount of time spent with
others, most likely because they were afraid that the in-person meetings could transmit the
virus to their hogs. The results might indicate a barrier to efficiently disseminate important
information.

That said, the rate of in-person meetings with veterinarians did not decrease after
the first ASF case was reported in Chongging, and one could argue that veterinarians offer
more information on hog health than fellow producers. This is indeed different from the
behavior among hog producers and sales agents. The increase in connections with
veterinarians through phone calls and text match expectations, since hog producers may
pay more attention to their hogs’ health after the spread of ASF, which could lead to an
increase in soliciting advice from veterinarians. Nevertheless, the stable frequency in
meeting with veterinarians in person is partially an unexpected result, given that one could
hypothesized that in-person communication would decrease if hog producers were worried
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about meeting with other people who may bring the virus to their hogs, especially since
some veterinarians also manage their own hog operation and might be exposed to ASF.
However, due to the ASF outbreak, producers could have the need for more suggestions
from veterinarians when pigs are unwell. The stable frequency in meeting with
veterinarians indicates the concerns associated with in-person meetings is canceled out by

the demand associated with needing more help from veterinarians.
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Table 5.3. Impact of the ASF on Communication Patterns in Chongging

No. of producers Before After Difference

Communication between hog producers

0.41***
Text 32 3.75 4.16

(0.06)

0.34%**
Phone 32 2.85 3.20

(0.07)

-1.05***
Meet 32 2.21 1.16

(0.12)
Communication with veterinarians

0.17***
Text 28 1.96 2.12

(0.04)

0.20%**
Phone 28 1.57 1.77

(0.04)

0
Meet 28 1.42 1.42

(0.10)
Communication with sales agents

0.17%**
Text 26 1.68 1.85

(0.05)

0.13
Phone 26 1.47 1.49

(0.08)

-0.27***
Meet 26 0.90 0.63

(0.06)

Note: == indicates significance at 1% level.
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5.3.2.2. Information flow in Hebei

The results of ASF on information flow between hog producers, veterinarians and
salespersons for a village from Hebei province are provided in Table 5.4. Similar to the
results from Chongqing, hog producers preferred to connect with other hog producers,
veterinarians, and salespersons in person before ASF. However, the outbreak of ASF
decreased the frequency of in-person meetings, but increased the frequency of text and
phone communication. The paired t-test results also indicate these differences are
significant.

Comparing the findings for Hebei to the results from Chongging, hog producers
from the same village tended to meet more frequently with each other than producers from
the same county before the outbreak of ASF. However, they were also more cautious about
meeting with other hog producers in person after the ASF outbreak. This caused in-person
meetings to decrease from several times a week to less than monthly for hog producers
who live in the same village. Findings also indicate a significant decrease in meetings with
veterinarians. One potential explanation for this finding is the impact of geographic
location among hog producers. Hog producers in Hebei live closer together than producers
in Chongging, because they are all exposed to other hog producers. Almost all hog
producers in the same village will instantly know if one of them has a veterinarian visiting.
This could possibly lead other hog producers to reduce visits/ communication with the hog
producer who had the veterinarian visiting. As a result, when adding more rigorous
restrictions on the geographic location of hog producers by observing findings for actors

from the same county to actors from the same village, we find that in-person
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communication with other hog producers and veterinarians may decrease more sharply
during an epidemic due to potential pressure from other hog producers who live close by.

Overall, hog producers were more likely to connect more often with other hog
producers, veterinarians, and sales agents after ASF spread. In some instances, the mode
of communication changed. For example, the frequency of communicating with other hog
producers and veterinarians through phone calls showed a significant increase. The
frequency of meetings with other hog producers and sales agents in person after ASF
spread declined. The closer hog producers are to each other, the more the frequency of in-
person meetings with other hog producers and sales agents decreased. Hog producers in
the same village in Hebei province also showed a decline in the frequency of meeting with
veterinarians. Interestingly, hog producers in Chongging remain at the same frequency of
meeting with veterinarians in person after the spread of ASF, which means the negative
effects associated with in-person meetings is canceled out by the positive impact associated

with needing more help from veterinarians.
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Table 5.4. Impact of the ASF on Communication Patterns in Hebei

No. of producers Before After Difference

Communication between hog producers

0.31**
Text 14 3.98 4.29

(0.14)

0.40**
Phone 14 3.23 3.64

(0.17)

-3.36***
Meet 14 4.36 1.00

(0.25)
Communication with veterinarians

0.19***
Text 14 1.24 1.42

(0.07)

0.07
Phone 14 1.14 1.21

(0.05)

-0.43%**
Meet 14 1.05 0.62

(0.04)
Communication with sales agents

0.10**
Text 14 1.12 1.21

(0.04)

0.10**
Phone 14 0.93 1.02

(0.04)

-0.31***
Meet 14 0.83 0.52

(0.04)

Note: == indicates significance at 1% level.
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5.3.3. Explaining Communication Patterns during the African Swine Fever Epidemic

Next, we estimate random effects ordered probit models. Our dependent variable is the
frequency of communication, with the resulting distribution presented in Table 5.5. There
are a total of 1,674 observations, adding up all instances between each participant and their
closest three actors: other hog producers, veterinarians and sales agents, communicating
by text, phone, or meeting in person. We find that more than 60% of the communication is
less than or equal to a few times a month even after we combined “A few times a week”
with “Daily” into “At least a few times a week”, which means our communication

frequency variable is highly skewed to the left.

Table 5.5. Frequency Distribution of the Communication Patterns Frequency

Frequency description Frequency Percentage
Less than monthly (1) 358 21.27%
Monthly (2) 416 24.97%

A few times a month (3) 460 27.48%
Weekly (4) 286 17.08%
At least a few times a week (5) 154 9.20%
Total 1,674

The parameter estimates are displayed in Table 5.6. The first three columns contain
the results of models with an unweighted dependent variable. As explained above, we
estimate a series of random effects ordered probit models, both unweighted and weighted,
for closeness of the relationship. The “Before” model tests effects on communication
frequency before the ASF outbreak. The “After” model tests effects on communication
frequency after the ASF outbreak. The “Full” model includes all variables adding two
dummy variables. The variable “after” is equal to 1 if the communication is measured after

the ASF outbreak. The variable “after chongqing” is a dummy variable equal 1 if the
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communication frequency is measured for hog producers in Chongging after the ASF
outbreak.

Results for the weighted and unweighted models show that most coefficients are
similar in terms of sign and magnitude. However, there are distinct differences for
communication with sales agents in that hog producers are more likely to maintain the
communication frequency with sales agents by adding information regarding the closeness
of the relationship. This result shows that the closer the relationship among hog producers
with other people, the lower the change in communication frequency, i.e., flow of
information.

The results from the weighted and the unweighted models show that hog producers are
more likely to communicate more with other hog producers, veterinarians, and sales agents,
especially through text or phone call. The significant and negative “After” variable in both
the weighted and the unweighted full models, suggests that hog producers are less likely to
communicate with others after the outbreak of ASF. The significant and positive “Text”
and “Phone” variables in both the weighted and the unweighted full models suggest that
hog producers are more likely to communicate with others through remote communication
modes like text or phone after the disease outbreak. These results indicate that hog
producers’ frequency of in-person communication with others decreases and remote
communication increases after the disease outbreak, which can have implications for
transmitting information.

Moreover, the unweighted and weighted models indicate that hog producers in
Chongging are more likely to continue to communicate as before with others compared to
hog producers in the Hebei province. At the same time, results from the weighted models
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suggest hog producers in Hebei were more likely to communicate with others before the
crisis, and the frequency decreased dramatically after the disease outbreak. This result is
also identified in the “Full” model using the unweighted dataset. This result confirms our
descriptive analysis and indicates that the greater the geographic distance of hog producers
to others, the lower the communication frequency. However, the frequency is more likely

to decrease if they live closer to each other.
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Table 5.6. Random Effects Ordered Probit Model Results

Not weighted by the relationship

Weighted by the relationship

Before After Full Before After Full
Chongging -0.13 0.50*** -0.14 -0.43** 0.30* -0.36**
(-0.59) (2.67) (-0.73) (-2.19) (1.85) (-2.23)
Producerl — 1.94*** 1.63*** 1.53*** 0.94%**  (0.64*** 0.68***
(5.16) (3.96) (5.69) (11.76) (8.02) (12.25)
Producer2  1.97*** 1.79*** 1.62*** 0.95*** 0.68*** 0.71***
(5.25) (4.35) (6.00) (11.96) (8.63) (12.78)
Producer3  1.78*** 1.55*** 1.43*** 0.92%** 0.64*** 0.67***
(4.74) (3.78) (5.31) (11.32) (7.83) (11.85)
Vetl 0.88** 1.17*** 0.86*** 0.80***  (0.65*** 0.62***
(2.35) (2.86) (3.19) (8.21) (6.62) (9.01)
Vet2 0.64* 1.10*** 0.71%** 0.76***  0.66*** 0.60***
(1.69) (2.64) (2.58) (7.44) (6.49) (8.37)
Vet3 1.14** 1.70*** 1.17%** 0.86*** 0.79%** 0.70%**
(2.47) (3.41) (3.53) (7.20) (6.57) (8.33)
Salesl 0.38 0.41 0.33 0.79%**  (0.44*** 0.54***
(1.01) (0.99) (1.21) (6.04) (3.31) (5.78)
Sales2 0.33 0.34 0.27 0.74%**  (0.41%** 0.50***
(0.85) (0.81) (0.97) (5.57) (2.99) (5.26)
Sales3 0.00 0.00 0.00 0.43** 0.12 0.23
() () () (2.11) (0.54) (1.59)
Text 1.43*** 3.36*%**  2,13*** 1.49%** 3 47*** 2.19%**
(14.06) (23.61) (27.47) (14.47) (23.76) (27.86)
Phone 0.58*** 2.55%** 1.37***  0.61*** 2.63*** 1.41%**
(6.07) (19.51) (18.99) (6.25) (19.75) (19.34)
After -0.64*** -0.65***
(-6.54) (-6.64)
After_chon 0.56*** 0.58***
gqing
(4.81) (4.91)
Sigma2_u  0.44*** 0.26***  0.29***  0.30***  (0.15*** 0.19***
(3.98) (3.47) (4.17) (3.75) (2.97) (3.94)
LL value -968.36 -871.42 -2003.58  -930.00 -845.94 -1958.61

Note: === indicates significance at 1% level.
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5.4. Discussion and Conclusion

Since 2018, the outbreak of ASF has had a massive impact on the Chinese pork industry
with more than 1.2 million hogs culled in China. Hog producers are affected most by this
disease and are extremely sensitive to information regarding ASF (Liu, 2019). The question
is how the epidemic has changed their modus operandi with regards to information flow.
There is much literature that finds that social relationships have a significant impact on
human behaviors (Marsden and Friedkin, 1993; Granovetter, 1973). This paper analyzes
how information flows during an outbreak (epidemic). The results show with whom and
through which communication channel hog producers choose to discuss hog health with.
Local governments could use these results to disseminate important information to hog
producers and avoid the spread of rumor and false information in an effective and efficient
way.

A comparison of communication patterns before and after the ASF outbreak indicates
that once the outbreak occurred, producers more often connected with other producers
through text or phone calls and that in-person meetings were significantly reduced among
hog producers, and among hog producers and sales agents. This general result has several
implications. First, producers act responsibly when trying to reduce the spread of disease.
Second, especially in a confined geographic area like a village, social interactions that
played an important role in people’s lives have been curbed. Third, even though producers
are careful with in-person meetings and have switched their mode of communication to
remote means, they still meet in-person if they deem it necessary for the health of their
hogs. This was illustrated by the results of communication patterns with veterinarians for

Chongqing. However, this behavior differed for hog producers from Chongging compared
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to those who live in the same village in Hebei. The unchanged frequency of meeting in
person with veterinarians for hog producers in Chongging may suggest that panic
associated with the “meet in person” effect is canceled out by the willingness to ask for
help from veterinarians related to hogs that might be sick. On the other hand, the closer
geographic distance among hog producers may bring increased social pressure to hog
producers in Hebei to meet with veterinarians, which might have reduced in-person
meetings with veterinarians significantly. These findings could be used to simulate
contagion during an epidemic or a pandemic where it would be likely to witness similar
behavior. Finally, information transfer might not be as effective via text/phone compared
to in-person communication, which could be an indicator of ineffective information flow.

Results from the ordered probit model also suggest that hog producers are more likely
to transmit information via text and phone, especially after the disease outbreak.
Comparing the results from Chongging and Hebei, the closer the producers live together,
the more frequently they communicate with others and the frequency is more likely to
decrease after the disease outbreak.

To summarize, this study explored how an infectious disease outbreak affects the
spread of information by analyzing hog producers’ communication patterns before and
after the African Swine Fever outbreak in China. Because of the difficulty in collecting
data, the sample size is relatively small. Future studies using large datasets from more
regions in China could help to further analyze social networks and related information flow.
Also, future research could conduct similar studies in other countries to test whether
communication patterns are comparable. Another fruitful avenue might be researching
producers other than hog producers. It would be interesting to test whether social networks

140



and information flow are similar or different. Finally, given the current COVID-19
outbreak it would be of interest whether information flow and communication patterns
among producers are comparable to the general public, especially given the increased risk

of contagion during in-person gatherings.
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CHAPTER 6
CONCLUSIONS AND IMPLICATIONS
The livestock supply chain has a significant impact on the global food system. It contributes
40% of the global value of agricultural output and provides livelihoods and food to almost
1.3 billion people (World Bank, 2022). Decision-making is a core issue in the livestock
supply chain for both producers and consumers.

Modeling how producers and consumers make their choices requires a sufficient
understanding of the process of their decision-making behavior. For example, previous
literature has shown that depending on the processing resources, consumers’ choices could
be affected by affective processes, cognitive processes, or both affective and cognitive
processes simultaneously (Grebitus and Van Loo, 2022). Hence, applying experimental
methods, my dissertation investigated how producers and consumers make their choices.
In particular, this dissertation focused on analyzing the effect of the attributes of the product,
and the characteristics of the decision-maker on producers’ and consumers’ decision-
making. Product attributes, such as, quality grades, country-of-origin, and organic labeling
cand affect consumers’ food choices through cognitive process. On the other hand, the
characteristics of the decision-maker, including risk preferences and ethnocentrism can
affect consumers’ and producers’ decision making through affective processes. I
investigated this in my dissertation through four essays.

In the first essay, | evaluated consumer preferences for beef quality grading and
how the quality grades impact consumers' willingness to pay for both domestic and
imported beef. | found that consumers were willing to pay a premium for beef flank
carrying a Premium quality grade compared to beef without quality grade information.
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However, Regular quality beef received a negative WTP compared to ungraded beef.
Results also show that imported beef could receive a higher WTP if it carries the Premium
quality grade. However, consumers discounted imported beef in general. | concluded that
the negative WTP for the Regular quality grade could be explained by three possible
reasons: (1) consumers have negative associations with the word “Regular”; (2) consumers
perceive ungraded beef as beef with a mixed quality; and (3) the beef grading system grades
beef based on external sensory information, which consumers can easily identify. Hence,
it can lower their WTP for quality grades, especially the Regular quality grade. Results
from the first essay illustrate how product attributes, such as, quality grades, affect
consumers’ food choices.

By focusing on the impact of consumers’ characteristics on their food choices, the
second essay investigated Chinese consumers’ ethnocentrism levels, their perceptions of
major beef exporting countries and their perceptions of beef products from associated
countries, as well as, to evaluate how this affects their preferences and WTP for beef from
different countries. | found that Chinese consumers were ethnocentric and very much in
favor of their home country. In addition, consumers from China were more likely to pay a
premium for Chinese beef and discount foreign beef, such as, beef from the US and
Australia, if they had a high level of purchasing incentives for Chinese products. Results
also show that consumers increase their willingness to pay for foreign beef if they favor
the country or the product image associated with that country. Hence, the results of the
second essay demonstrated the importance of consumers’ characteristics, such as, their

ethnocentric levels, country image and product image, with regards to food choices.
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To study how characteristics of producers affect their decision-making, the third
essay focused on analyzing how farmers’ risk preferences, attitudes, and social networks
affect their motivations in adopting genomics technology during the outbreak of African
Swine Fever. | found that most hog producers were highly risk averse. In addition, hog
farmers who were more risk-averse and had more experience in raising hogs were more
likely to delay the adoption of African Swine Fever-resistant semen as compared to more
risk-prone farmers. Moreover, results from social network analysis showed that hog
farmers were closely connected. Also, the genomics adoption time frame of a particular
hog farmer was positively correlated with other closely related hog farmers’ time frames,
although hog producers’ social network status, such as centrality, does not affect the time
frame in which they would adopt genomics technology. This chapter identified the effect
of producers’ characteristics on their decision-making in the livestock supply chain.

In the last essay, | examined the impact of social influence on hog producers’
behavior using social network analysis. In particular, | studied how information flows
during an epidemic, such as, African Swine Fever. | found that hog producers made use of
phones or texting more frequently to communicate during the African Swine Fever
outbreak, while the frequency of face-to-face meetings with other hog producers and sales
agents dropped. However, hog producers keep the same frequency of face-to-face meetings
with veterinarians. Moreover, | concluded that geographic distance affected
communication frequency significantly. In particular, the smaller the geographic distance
of hog producers to others, the higher the communication frequency before African Swine
Fever. However, the frequency was more likely to decrease after the African Swine Fever
outbreak if they lived closer to each other.
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The core findings of this dissertation provide insights that have widespread
managerial and policy implications. First, because | found that consumers are willing to
pay a premium for beef carrying a Premium quality grade and discounted beef with a
Regular quality grade compared to ungraded beef, my findings indicate that government
could achieve its goals in promoting the production of high-quality beef by releasing the
tested beef quality grade system to the public. However, the system could bring some
potential problems if a large percentage of beef would not be graded as Premium.

Second, by studying the effect of consumers’ characteristics on their food choices,
| found that consumers’ ethnocentrism level, country image, and product image
significantly affect their willingness to pay for domestic and imported beef. Therefore,
domestic beef retailers could promote beef sales by advertising using the positive country
image, and beef exporters could strengthen their beef exports to China by emphasizing the
positive country or product images associated with their country.

Third, | found that most hog producers were risk averse, and their risk preferences
would affect their technology adoption decisions. Over time though, most hog producers
would be likely to adopt genomics technology considering the huge loss of hogs due to
African Swine Fever. The government could use these results to efficiently promote new
technologies, especially genomics. | also found that hog farmers were closely-connected,
especially with likeminded producers. Government could use these results to activate hog
producers’ networks and disseminate important information effectively and efficiently.

Lastly, my findings on communication patterns and information flow during
outbreaks provides implications for the government in disseminating important
information to hog producers and avoiding the spread of rumors and false information in
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an efficiently. In particular, I concluded that the frequency of communication between hog
producers with other producers and sales agents through phone and text increased
significantly after the African Swine Fever outbreak, which suggests that government
could make use of those communication modes, e.g., using text to disseminate information.
Furthermore, | found that the frequency of meeting in-person with veterinarians remained
the same after the outbreak, which suggests that government could distribute information
to hog producers through veterinarians after the African Swine Fever outbreak.

However, each chapter of my dissertation is not without limitations. In the first
essay, while | studied consumers’ preferences for beef flank, further studies could analyze
willingness to pay for Chinese beef quality grades using other beef cuts, such as steak. Also,
| collected data in three major cities, but collecting data from other regions could be helpful
in further exploring consumers’ preferences for novel beef quality grades and the effects
of quality grades on demand for imported beef. In the second essay, further research may
want to explore consumers’ country images and product images in more detail using other
methods, such as, the affinity survey instrument which could be applied to measure
consumers’ country images. In the third essay, | used a relatively small sample. Future
research may collect larger datasets, which could be fruitful in further determining hog
farmers’ motivations to adopt genomics technology. It would be helpful to collect larger
samples of social network data including participants randomly to further investigate
preferences for technology adoption. In the last essay, it would be interesting to test
whether information flow and communication patterns among hog producers are

comparable to other producers in the livestock supply chain.
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PLEASE TAKE TIME TO CAREFULLY READ THE FOLLOWING INSTRUCTIONS
BEFORE PROCEEDING

Imagine you are in your usual grocery store and considering the purchase of beef flank. In
the following you will see 12 choice tasks. All features of the beef flank in each choice
task are identical except that they vary with regard to country of origin, price, organic/green
labeling, whether or not the cattle were corn-fed or grass-fed, and the quality grade of the

beef.

The characteristics that you will see are based on real products. In each choice task,
please indicate the decision you would make based on your own preferences. Specifically,
you are asked which product you would choose to purchase, compared to other products
that will be visible to you on the screen. Alternatively, you may choose not to purchase
either product. Please carefully examine each option before you make a decision and tick

the decision that you would make based on your own preferences.

IMPORTANT

0 CHOOSE one of the options on each page. Or you may choose NOT TO PURCHASE
either product.

0 Assume that the options on each page are the only ones available.

0 Do NOT compare options on different pages.

The Chinese Ministry of Agriculture and Rural Affairs is considering implementation of a
quality grading system for beef. According to the Chinese Ministry of Agriculture and
Rural Affairs, “its basic concept is based on carcass grading based on marble pattern,

physiological maturity, flesh color and fat color, which is consistent with beef quality
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grading systems in the United States, Australia, Japan, South Korea and other countries.”

As you take this survey, please assume the following definitions for the beef quality

grades of “Premium” and “Regular”, which will appear on the beef flank:

e “Premium” is to be considered of a higher quality grade than beef that is labeled as
“Regular.” “Premium” indicates the highest quality beef that is produced from young,
well-fed beef cattle. It has slightly abundant marbling.

e “Regular” indicates the beef'is high quality, but has less marbling than “Premium” beef,
but has at least a small amount of marbling.

You might see a few options that may seem counter-intuitive (e.g., a lower price but
a higher quality in your personal opinion). Be assured that this is not an error but part of
the design of the survey. Simply choose the option that you prefer most, based on its
characteristics.

The experience from previous similar surveys is that people often state a higher
willingness to pay than what one is actually willing to pay for the good. For instance, a
recent study asked people whether they would purchase a new food product similar to the
one you are about to be asked about. This purchase was hypothetical (as it will be for you)
in that no one actually had to pay money when they indicated a willingness to purchase. In
the study, 80% of people said they would buy the new product, but when a grocery store
actually stocked the product, only 43% of people actually bought the new product when
they had to pay for it. This difference (43% vs. 80%) is what we refer to as hypothetical
bias. Accordingly, it is important that you make each of your upcoming selections like you

would if you were actually facing these exact choices in a store, i.e., noting that buying a
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product means that you would have less money available for other purchases.
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1. How favorable is your opinion of the following countries?

Very unfavorable (1) 2 3 4 Very favorable (5)

China

u.S.

Australia

Brazil

2. Please select how much you agree or disagree with each statement below
(strongly disagree=1 to strongly agree=7).

Strongly Disagree Strongly Agree

1 2 3 4 5 6 7

Only those products that are unavailable in
China should be imported.

Chinese products first, last and foremost.

Purchasing foreign-made products
is un-Chinese.

It is not right to purchase foreign products,
because it puts Chinese people out of jobs.

Real Chinese people should always buy
Chinese-made products.

We should purchase products
manufactured in China instead of letting
other countries get rich off us.

Chinese people should not buy foreign
products, because this hurts Chinese
business and causes unemployment.

It may cost me in the long run but I prefer
to support Chinese products.

We should buy from foreign countries only
those products that we cannot obtain
within our own country.

Chinese consumers who purchase products
made in other countries are responsible for
putting their fellow Chinese people out of
work

3. Inyour opinion, how safe is beef from the following countries?
Not very safe (1) | 2 | 3 | 4 | Very safe (5)

Safety of Chinese Beef
Safety of U.S. Beef
Safety of Australian beef
Safety of Brazilian beef
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RPL

Price -0.01***
(0.00)
Brazil 2.20%**
(0.13)
U.S. 2.69%**
(0.12)
Australia 3.02%**
(0.12)
China 3.71***
(0.14)
Standard deviations of parameter distributions
Brazil 0.81***
(0.10)
us 0.98***
(0.09)
Australia 0.87***
(0.08)
China 2.02%**
(0.10)
N 5,022
LL -5,919.31
AIC 11,856.6
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INDIVIDUAL WILLINGNESS TO PAY FOR DOMESTIC AND IMPORTED BEEF
FLANK COMPARED TO NOT CHOOSING BEEF (THE “NONE OF THESE”
OPTION)
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In Yuan/kg Mean S.D. Min Max

China 377.33 176.73 60.64 700.17
u.s. 272.16 60.72 128.24 454.42
Australia 306.60 51.82 169.25 486.31
Brazil 222.32 40.62 117.88 392.23
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Note: Participants received a version translated to Chinese.

1. Areyou:male  female

2. Howoldareyou? __ vyears

3. What is the highest level of education that you have obtained?

Elementary school or below

Middle school

High school___

College degree

Undergraduate or above

4. Which of the following best describes your operation in 2019?

Farrow-to-finish___

Farrow-to-wean__

Feeder

Breeding stock

Company & Farmers__

5. Including 2019, for how many years have you been raising hogs? _ years

6. What was the total annual revenue and total cost (RMB) from hog sales in 2018?
(Please estimate if you do not know the exact figure.)

Total revenue

Total cost

7. With whom do you discuss hog health? Please write down their names (note, in the
print out more rows were provided)
Hog farmers

8. From the hog farmers that you listed above, please continue with the Top 3 (most
important) for each category and indicate what best describes your relationship with
them.
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Hog farmers Acquaintance | Friend or Good friend | A close

State Name and location of kinship or kinship | friend or
top 3 (relative) Kinship

(relative)
Name Location

In the following we are using the term genomics / genomic information. A genome is the
full complement of genetic material encoded in the DNA of any living thing. It can be
described as a “blueprint” for an organism’s structure and function. Genomics is the
science that aims to decipher and understand the entire genetic information of an
organism encoded in its DNA, for example, in a pig. Among others, using genomics
could be a way to stop the spread of animal diseases.

9. Assuming the costs are the same, would you be interested in purchasing semen made
using genomics that have demonstrated resistance to African Swine fever (ASF)?
Yes No

If YES, how soon would you adopt this technology when it is made commercially
available?

Immediately After 1 year After 2 years After 5 years After 10 years

10. The latest research shows that the use of genomic information in breeding could
reduce the incidence of ASF. Given this information, please indicate your likelihood
of adopting this technology given the below reduction of ASF in %.

ASF reduced | Definitely Not (2) (3) 4 Definitely (5)
by 1)
0%-19%

20%-39%

40%-59%

60%-79%
80%-100%

11. Please indicate how important the following aspects are to you in adopting the use of
genomic information for the selection of African Swine Fever (ASF) resistant hogs on
your farm
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Very
Unimportant

)

)

3)

(4)

Very
Important

()

Contributes to the protection of
resources for future generations

Ensures the production of safe
products

Ensures competitiveness of your
farm

Does not require additional training

The technology can be tested with
small batches of animals on the
farm first

Is compatible with the values of
society and consumers

Does not increase problems such as
inbreeding and increased
susceptibility to other diseases

Is not linked to a high risk of
malfunctioning (reliability)

Does not increase work load

Does not increase time spending on
disease controlling

Enables cost neutrality or even cost
reduction

High accuracy on breeding values
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Option A Option B

(1) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 0 for sure
2) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 50 for sure
( g g
3) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 100 for sure
( g g
4) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 150 for sure
( g g
(5) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 200 for sure
(6) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 250 for sure
(7) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 300 for sure
(8) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 350 for sure
9) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 400 for sure
( g g
(10) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 450 for sure
11) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 500 for sure
( g g
(12) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 550 for sure
(13) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 600 for sure
(14) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 650 for sure
(15) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 700 for sure

% chance of winning ¥1,500 an 6 chance of winning or or sure
(16) | 50% ch f winning ¥1,500 and 50% ch f winning ¥0 ¥ 750 f

% chance of winning ¥1,500 an 6 chance of winning or or sure
(17) | 50% ch f winning ¥1,500 and 50% ch f winning ¥0 ¥ 800 f

0 chance of winning ¥1,500 an 6 chance of winning or or sure
(18) | 50% ch f winning ¥1,500 and 50% ch f winning ¥0 ¥ 850 f

0 chance of winning ¥1,500 an 6 chance of winning or or sure
(19) | 50% ch f winning ¥1,500 and 50% ch f winning ¥0 ¥ 900 f
(20) | 50% chance of winning ¥1,500 and 50% chance of winning ¥0 or ¥ 950 for sure
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Results for hog farmers in G County

Core G1, G3, G9, G10

Periphery G2, G8, G6, G7, G5, G4, G11, L5

Results for hog farmers in L County

Core L1, L3, L5, L7, L8

Periphery L2, L4, L6, L9, L10, G3

Results for hog farmers in S County

Core S3, S6, S7

Periphery S1, S2, S8, S5, $4, S9, S11

Results for hog farmers in Hebei Province

Core H3 H4 H6

Periphery H1, H2, H5, H7, H8, H9, H10, H11, H12, H13, H14
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CENTRALITY MEASUREMENTS OF FARMERS IN G COUNTRY
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Name Freeman’s Degree  n Closeness n Betweenness

Gl 3.00 44.00 21.52
G2 3.00 44.00 27.88
G3 3.00 37.93 18.18
G4 2.00 40.74 15.46
G5 1.00 32.35 0.00
G6 2.00 45.83 26.67
G7 4.00 45.83 40.30
G8 1.00 32.35 0.00
L4 1.00 28.21 0.00
G9 3.00 42.31 6.67
G10 4.00 50.00 36.06
G11 1.00 31.43 0.00
Mean 39.58 16.06
Std Dev 6.69 14.13
Sum 474.99 192.73
Variance 44.81 199.54
Minimum 28.21 0
Maximum 50 40.30
NCI 23.87% 26.45%

185



APPENDIX |

CENTRALITY MEASUREMENTS OF FARMERS IN L COUNTY
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Name Freeman’s Degree  n Closeness n Betweenness

L1 3.00 16.13 8.89
L2 1.00 15.15 0.00
L3 2.00 15.63 1.11
L4 2.00 15.63 1.11
L5 2.00 11.11 2.22
G3 1.00 10.99 0.00
L6 1.00 10.99 0.00
L7 3.00 16.13 5.56
L8 3.00 16.13 5.56
L9 0.00 0 0.00
L10 0.00 0 0.00
Mean 14.21 2.22
Std Dev 2.27 2.92
Sum 127.88 24.44
Variance 5.14 8.53
Minimum 10.99 0.00
Maximum 16.13 8.89
NCI 7.33%
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CENTRALITY MEASUREMENTS OF FARMERS IN S COUNTRY
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Name Freeman’s Degree  n Closeness n Betweenness
S1 2.00 50.00 55.56
S2 3.00 47.62 53.33
S3 3.00 35.71 0.00
S4 2.00 34.48 0.00
S5 4.00 37.04 2.22
S6 3.00 35.71 0.00

S7 5.00 47.62 55.56
S8 4.00 40.00 15.56
S9 3.00 31.25 0.00
S10 4.00 40.00 15.56
S11 3.00 31.25 0.00
Mean 39.15 17.98
Std Dev 6.31 23.26
Sum 430.69 197.78
Variance 39.75 540.92
Minimum 31.25 0.00
Maximum 50.00 55.56
NCI 25.19% 41.33%
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CENTRALITY MEASUREMENTS OF FARMERS IN HEBEI
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Name Freeman’s Degree  n Closeness n Betweenness

H1 4.00 48.15 22.22
H2 2.00 44.83 6.85
H3 3.00 43.33 5.79
H4 4.00 43.33 10.94
H5 5.00 59.09 44.43
H6 3.00 37.14 0.43
H7 2.00 38.24 15.39
H8 3.00 43.33 5.79
H9 4.00 54.17 38.41
H10 1.00 33.33 0.00
H11 1.00 28.26 0.00
H12 3.00 37.14 0.86
H13 3.00 44.83 6.83
H14 4.00 43.33 7.45
Mean 42.75 11.81
Std Dev : 7.65 13.53
Sum 589.51 165.39
Variance 58.46 183.08
Minimum 28.26 0.00
Maximum 59.09 44.43
NCI 36.66% 35.13%
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No. of farmers

Differences in

means
Genomics technology adoption
Likelihood to adopt semen with genomics traits 42 -0.13
Adoption rate when the technology could 42 -0.06
reduce the ASF by 40%-59%
Adoption rate when the technology could 42 0.06
reduce the ASF by 60%-79%
Adoption rate when the technology could 42 -0.15
reduce the ASF by 80%-100%
Risk preference
Lottery risk preference 42 -0.17
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Note: Participants received a version translated to Chinese.

1. Areyou:male  female

2. Howoldareyou? __ years

3. What is the highest level of education that you have obtained?

Elementary school or below
Middle school

High school

College degree_
Undergraduate or above

4. Which of the following best describes your operation in 2019?

Farrow-to-finish__
Farrow-to-wean__
Feeder

Breeding stock
Company & Producers__

5. Including 2019, for how many years have you been raising hogs? years

6. What was the total annual revenue and total cost (RMB) from hog sales in 2018?
(Please estimate if you do not know the exact figure.)

Total revenue
Total cost

7. With whom do you discuss hog health? Please write down their names (note, in the
print out more rows were provided)

Hog producers Veterinarian Sales agents
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8. From the hog producers, veterinarians and sales agents that you listed above, please
continue with the Top 3 (most important) for each category and indicate what best
describes your relationship with them.

Hog producers Acquaintance | Friend or Good friend | A close
State Name and location of kinship or kinship | friend or
top 3 (relative) Kinship
(relative)
Name Location
Veterinarians Acquaintance | Friend or Good friend | A close
State Name and location of Kinship or Kinship friend or
top 3 (relative) Kinship
(relative)
Name Location
Sales agents Acquaintance | Friend or Good friend | A close
State Name and location of kinship or Kinship friend or
top 3 (relative) Kinship
(relative)
Name Location
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9. Please indicate how often on average you were / are in contact with the 3 most
important individuals that you just wrote down before and after the African Swine
Fever (ASF) outbreak in 2018. You may have more than one way to contact each of
them. Please indicate how you communicate with them. Please make sure to write down
their name.

Hog producers

1) Hog producer — Write Name: |Less than|MonthlyA few |Weekly |A few |Daily
monthly times a times a
month week
Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text
(We Chat, etc.)
Before Phone call/Online
ASF calling
e.g. Video chat
After ASF [Phone call/Online
calling
e.g. Video chat
Before Meeting face to face
ASF
After ASF |Meeting face-to-face
2) Hog producer — Write Name: |Less thanMonthly/A few |[Weekly |A few |Daily
monthly times a times a
month week
Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text
(We Chat, etc.)
Before Phone call/Online
ASF calling
e.g. Video chat
After ASF |Phone call/Online
calling
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e.g. Video chat

Before Meeting face to face
ASF

After ASF |Meeting face-to-face
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3) Hog producer — Write Name: |Less than|MonthlylA few |Weekly |A few |Daily
monthly times a times a
month week
Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text
(We Chat, etc.)
Before Phone call/Online
ASF calling
e.g. Video chat
After ASF |Phone call/Online
calling
e.g. Video chat
Before Meeting face to face
ASF
After ASF |Meeting face-to-face
Veterinarians
1) Veterinarian — Write Name: |Less than |MonthlyA few |Weekly |A few |Daily
monthly times a times a
month week
Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text
(We Chat, etc.)
Before Phone call/Online
ASF calling
e.g. Video chat
After ASF Phone call/Online
calling
e.g. Video chat
Before Meeting face to face
ASF
After ASF |Meeting face-to-face
2) Veterinarian — Write Name: |[Less than |MonthlylA few |[Weekly |A few |Daily
monthly times a times a
month week
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Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text
(We Chat, etc.)
Before Phone call/Online
ASF calling
e.g. Video chat
After ASF |Phone call/Online
calling
e.g. Video chat
Before Meeting face to face
ASF
After ASF |Meeting face-to-face
3) Veterinarian — Write Name: |Less than [MonthlylA few |Weekly |A few |Daily
monthly times a times a
month week
Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text
(We Chat, etc.)
Before Phone  call/Onling
ASF calling
e.g. Video chat
After ASF |Phone call/Onling
calling
e.g. Video chat
Before Meeting face to face
ASF
After ASF |Meeting face-to-face
Sales agents
1) Sales agent — Write Name: |Less than |MonthlyA few |Weekly |A few |Daily
monthly times a times a
month week
Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text

(We Chat, etc.)
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Before Phone call/Online
ASF calling
e.g. Video chat
After ASF |Phone call/Online
calling
e.g. Video chat
Before Meeting face to face
ASF
After ASF |Meeting face-to-face
2) Sales agent — Write Name: |Less than [Monthly)A few |Weekly |A few |Daily
monthly times a times a
month week
Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text
(We Chat, etc.)
Before Phone call/Online
ASF calling
e.g. Video chat
After ASF |Phone call/Online
calling
e.g. Video chat
Before Meeting face to face
ASF
After ASF |Meeting face-to-face
3) Sales agent — Write Name: |Less than [Monthly)A few |Weekly |A few |Daily
monthly times a times a
month week
Before Social network text
ASF (We Chat, etc.)
After ASF |Social network text
(We Chat, etc.)
Before Phone call/Online
ASF calling
e.g. Video chat
After ASF |Phone call/Online

calling
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e.g. Video chat

Before Meeting face to face
ASF

After ASF |Meeting face-to-face
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Adoption of Genomics by Chinese Hog Farmers,” Journal of Rural Studies 94:111-127.

Title of the article: Effects of Risk Preferences and Peer Influence on Adoption of Genomics by
Chinese Hog Farmers

Authors of the article: Gao, Shijun; Grebitus, Carola, and Schmitz, Troy G.
Periodical Title: Jowrnal of Rural Studies
Volume; 94, Pages: 111-127

This request grants permission to Shijun Gao to include the content of the a

in his dissertation, here at the Arizona State University. With this permissic
mcludcdmtbed:ssennnon,whethcrinﬁlllormmm
in either print or electronic form,

If you have any questions, please feel free to
Sincerely,
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PSU fsonsss e

EXEMPTION GRANTED
Carola Grebitus
WPC: Agribusimess. Morrison School of
480/727-4098
Carola Grebitus@asu edu
Dear Carola Grebitus:

On 5/12/2021 the ASU IRB reviewed the following protocol:

Type of Review: | Modification / Update

Title: | Strengthening U.S. Beef Export Markets: Analysis of
Consumer Willingness to Pay and Import Demand

Investigator: | Carola Grebitus

IRB ID: | STUDY00011924
Funding: | Name: USDA: National Institute of Food and
Agriculture (NIFA), Grant Office ID: FP00020317,
Funding Source ID: GRANT12907247

Grant Title: | None

Grant ID: | None

Documents Reviewed: | * China Spring Survey. Category: Measures (Survey
questions/Interview questions /interview guides/focus
group questions);

* Chinese survey, Category: Translations;

* Pre-test consent form , Category: Consent Form;

» Protocol updated. Category: IRB Protocol;

» translated consent form_ Category: Consent Form;

» translation certificate, Category: Other;

The IRB determined that the protocol is considered exempt pursuant to Federal
Regulations 45CFR46 (2) Tests, surveys, interviews, or observation on 5/12/2021.

In conducting this protocol you are required to follow the requirements listed in the
INVESTIGATOR MANUAL (HRP-103).

207



PSU fsonsss e

EXEMPTION GRANTED

Carola Grebitus

WPC: Agribusimess. Morrison School of

480/727-4098
Carola Grebitus@asu edu

Dear Carola Grebitus:

On 7/16/2019 the ASU IRB reviewed the following protocol:

Type of Review:

Inmitial Study

Title:

Effects of Social Networks on Acceptance of
Genomics for Hog Breeding in China

Investigator:

Carola Grebitus

IRB ID:

STUDY00010398

- | None

: | None

: | None

: | = recruit, Category: Recruitment Materials;

= survey, Category: Measures (Survey
questions/Interview questions /interview guides/focus
group questions);

= Protocol , Category: IRB Protocol;

» consent, Category: Consent Form;

The IRB determined that the protocol is considered exempt pursuant to Federal
Regulations 45CFR46 (2) Tests, surveys, interviews, or observation on 7/16/2019.

In conducting this protocol you are required to follow the requirements listed in the
INVESTIGATOR MANUAL (HRP-103).

Sincerely,

IRB Administrator
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