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ARTICLE INFO ABSTRACT
Keywords: Understanding who adopt green production and why they choose this strategy is an important
Self-actualization issue that needs to be addressed in the context of increasingly severe agricultural pollution.

Green production behavior
Chinese smallholder
Planting area

Production purpose

Previous studies have generally investigated subsistence-oriented smallholders, typically
employing profit maximization or risk minimization models. However, Chinese farmers have
differentiated, and have unique characteristics. This study collected data from 960 random
samples of rice farmers and conducted quantitative analysis. The findings reveal that 94.9 % of
the farmers had less than 2-ha rice-planting area, and 80.21 % of farmers reported that their
purpose of planting rice was for family self-feeding. Furthermore, the new standard to define
smallholder based on whether their production purpose is self-feeding or selling and found that
non-smallholders had an overall advantage and passed the t-test. Even more non-smallholder
(76.32 %) intentionally chose green pesticide than smallholders (66.1 %), but their decision-
making logic was different. Binary logistic regression results show that three aspects of self-
actualization (environmental, market, and personal) positively and significantly affected the
green production behavior of smallholders, but not significant for non-smallholders. This study
suggests that in China, where smallholders are the mainstay of agriculture production, green
production by smallholders will greatly improve the ecological environment and provide high
quality agricultural products.

1. Introduction

China cultivates less than 9 % of the world’s arable land, but feeds about 20 % of the world’s population [1], making a significant
contribution to global food security and poverty reduction. One key strategy in achieving this is continually increasing the use of
chemical fertilizers and pesticides to boost grain yield [2]. Owing to their high capability against pests to ensure high crop yields,
pesticides are essential for modern agricultural production worldwide [3,4]. However, pesticides have negative effects on non-target
organisms and present high environmental risks to the air, soil, water, human health, and other animals and plants [5]. China con-
sumes the largest amount of pesticide globally; the average value of pesticide application in China is 1.5-4.0 times higher than the
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global average [6]. In China, the key stakeholders in the planting industry are smallholders, the most prominent characteristic of whom
is scattered. Data from China Rural Statistical Yearbook 2017 demonstrate that 85 % of rural households operate on land less than 0.66
ha (10 mu, 1 ha = 15 mu), and up to 97 % less than 3.33 ha (50 mu). Therefore, this study focused on the green production behaviors of
Chinese smallholders.

Farmers are micro subjects who decide on agricultural production activities which are affected by many factors. In addition to
demographic factors and family characteristics (e.g., age, education, and family income [7,8]), studies on green production behaviors
also emphasize farmers’ farming experience and learning ability [9,10], social norms and neighbourhood effects [11], risk preference,
and green awareness [12,13]. In China, various new agricultural production modes, such as cooperative, outsourcing, and contract
farming [14-16], affect farmers’ green production behaviors in the context of industrial development and agricultural policy reform.
Furthermore, the newly issued land transfer policies attracted the attention of researchers [17,18].

With the development of industrialization and urbanization, the population of smallholders has changed, therefore their green
production behaviors are bound to change. Prof. Jan Douwe van der Ploeg [19], based on his observation of smallholder farming
worldwide, wrote the book The New Peasantries: Struggles for Autonomy and Sustainability in an Era of Empire and Globalization, pointing
out that, firstly, the phenomenon of re-smallification has emerged around the world; secondly, in Europe, agriculture had changed
from specialization to multi-functionality since the 1990s, and most operators are smallholders. In Japan, non-operational farmers
(also called ’self-sufficient farmers’) had risen rapidly from 22.5 % in 1990 to 44.4 % in 2017 [20]. In the United States, a new
phenomenon is that small-scale family farms have become an important way for retirees to return to nature or for people to pursue
quality life and leisure [21]. Most current studies adopted the rational economic man hypothesis, which assumes that farmers pursue
either profit maximization or risk minimization in agricultural production. Some studies found that farmers increased their use of
agricultural chemicals to replace family labour loss caused by urbanization [22,23]. Some studies highlighted the vulnerability of
farmers’ livelihoods. Owing to risk aversion, the overuse of agricultural chemicals, especially pesticides, has been widespread to
prevent production reduction [24-26]. In addition to the economic perspective, many studies considered farmers’ green production
behavior from the perspectives of psychology and sociology, among which the planned behavior theory is most commonly used
[27-29]. Zhang et al. [26] attempted to determine the hidden mechanism of Chinese smallholders’ over-fertilization and found
agricultural marginalization and urban-rural dichotomy as root causes. Chinese smallholders’ livelihood structures and production
logic have fundamentally changed [26,30,31]. Zhang [30] focused on smallholder differentiation, and found Chinese smallholders had
evolved into life-oriented smallholders and production-oriented smallholders, who are motivated differently by fertilizer and pesticide
reductions. ’Easterling’s paradox’ shows that income is not the only thing people pursue. Luo [32] empirically demonstrated the
inverted U relationship between income and well-being based on 3622 farmers in China, whereas a good ecological environment can
sustainably improve farmers’ well-being. Self-actualization is the higher-level need in Maslow’s hierarchy of needs theory, and is a
central aspect of well-being after the satisfaction of physiological needs [33], and might be an important factor influencing today’s
Chinese smallholders’ green production behaviors.

In order to govern non-point agriculture pollution, it is necessary to consider smallholder differentiation. Today’s Chinese farmers
have differentiated a large number of life-oriented smallholders, whose production behaviors cannot be explained by rational eco-
nomic model. Our objective is to argue that self-actualization is an important influencing factor ignored by existing studies. This study
contributes to extant literature in several ways. First, as mentioned earlier, Chinese farmers have differentiated themselves. Therefore,
we adopted a new standard to define current Chinese smallholders based on whether the farmers’ production purpose is self-feeding or
selling. Second, we developed a conceptual framework specific to current Chinese smallholders’ green production behaviors that
considers their self-actualization. Third, we analysed first-hand farmer-level data collected in 2021 and provided an updated
perspective and empirical evidence.

Competitive family
members: off-farm work
profit motive
Chinese smallholders
livelihood mode:

intergenerational division of income
labor-based half-working and v Environmental —» Contribution to envircnment
half-faming Non-competitive family
members: farming work Green
psyc hological 1 Market » Recognition of marketvalue ——» produ qion
st behavior

Personal > Benefits to health
Fig. 1. Conceptual framework of current Chinese smallholders’ green production behavior. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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2. Conceptual framework and hypotheses

The persistence and further differentiation of Chinese smallholders are based on the intergenerational division of labour—based
half-working (off-farm working) and half-farming livelihood mode[34,35]. Therefore, this study developed a conceptual framework to
analyze self-actualization on smallholders’ green behavior based on their unique livelihood mode (see Fig. 1). In current Chinese
smallholders’ livelihood mode, capable family members are income-driven and prefer to engage in non-farm work, which is the main
source of family income; whereas, older family members farm to keep the family running at low cost, which includes free contracted
land, free residential land, free study and low-cost medical service. Therefore, smallholders primarily farm for well-being rather than
profit [30,34]. In this study, farmers whose production purpose is self-feeding are identified as smallholders, whereas those whose
production purpose is selling for profit are identified as non-smallholders [36]. Huang and Luo [37] classified Chinese farmers as either
ration- or profit-oriented based on their grain sales, with a threshold of 50 %. They found that the decision-making mechanism for
biological pesticide application differs depending on farmers’ production purposes. Lu et al. [38] found that production for selling
reduces the positive effect of land property rights stability on farmers’ organic fertilizer application.

The production purpose of smallholders’ decision making is to maximize utility [39]. As noted above, Chinese smallholders’ family
income is mainly from non-farm work, so psychological issue and family rations are important influencing factors to their productive
behaviors. Luo et al. [40] put forward the S-shaped hypothesis of the importance of agriculture (Fig. 2), explaining the importance of
agriculture corresponding to Maslow’s five levels of human needs, which discusses the utility of farming from a new perspective. As
shown in Fig. 2, the hierarchy of needs from low to high is as follows: in terms of satisfying human physiological needs, agriculture
obviously has an irreplaceable role; in terms of safety, love, and esteem needs, with the Engel’s coefficient declining, the importance of
agriculture is decreasing; but in terms of self-actualization, due to the fact that agriculture has multiple functions about production,
living, ecology, and even life, the importance of agriculture is rapidly recovering. Based on this, self-actualization is incorporated into
the green production decision-making model of smallholders and measured in three dimensions, macro, meso and micro, namely,
ecological dimension, market dimension and personal dimension.

Environment dimension. Green production behavior can maintain and improve ecological environments, but has externalities.
Therefore, farmers’ subjective value judgments and environmental awareness play important roles in green production behaviors [7,
8]. Levinson [41] used self-reported happiness to estimate environmental quality and found a significant relationship between
environmental quality and personal well-being. A study in China calculated the willingness to pay for a 1ug/m® reduction in PM2.5 to
be $88 or 3.80 % of annual household per capital income [42]. Therefore, smallholders, who are motivated by environmental con-
cerns, tend to undertake green production for self-actualization. Based on this, we propose hypothesis 1.

H1. Green production behaviors satisfy smallholders’ self-actualization needs for better environment.

Market dimension. Current Chinese smallholders with limited land mostly produce grain for family consumption [30,37]; while
surplus grains are purchased by local traders at low prices. In reality, high market prices of green products do not generate income for
smallholders. Nevertheless, smallholders achieve self-actualization through market recognition of their products when they believe
that their produces are worth high price. Therefore, smallholders are more likely to undertake green production when they receive
high-price signals for green agricultural products. Based on this, we propose hypothesis 2.

H2. Green production behaviors satisfy smallholders’ self-actualization needs for market value recognition.

Personal dimension. Self-actualization at the individual level is most directly about health, which can be subdivided into mental and
physical parts. Agricultural production activity is the labor of human beings using the forces of nature, completely different from the
industry production, which has to be placed in nature and co-produced with nature. Especially for smallholders, its self-employment
attribute leads to stronger sense of self-control and easier to achieve self-actualization [19]. Physical health is a foundational goal

-
=

Importance of agriculture

Esteem Self-actualization

Physiological

Safety

»
o

Hierarchy of needs

Fig. 2. S-shaped hypothesis of the importance of agriculture.
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pursued by all individuals [43,44]. Smallholders produce seasonal food according to their needs, and green food is also more favorable
to health. Additionally, green pesticides are less hazardous to operators. Because smallholders rarely employ others to apply pesticides,
the green pesticide adoption is primarily beneficial to their own health [45]. Therefore, smallholders have a direct intrinsic motivation
to undertake green production. Based on this, we propose hypothesis 3.

H3. Green production behaviors satisfy smallholders’ self-actualization needs for better health.
3. Data and methods

In July of 2021, we conducted survey in 19 villages of 13 cities located in Guangdong Province, China. Stratified random sampling
methodology was applied and 1076 questionnaires were completed. The data were analyzed using descriptive statistics, t-test, and
logistic regression.

3.1. Data

The data used in this study were collected through a primary survey of rice production behavior among farmers in Guangdong
Province, China. The survey included a quantitative component with rice farmers (n = 960) and in-depth follow-up interviews with
their village committee administrators responsible for agriculture (n = 19). This study was approved by the Ethics Committee of the
Economic and Management School, South China Agriculture University (Ethics approval reference 510051). Informed consent was
obtained from all the participants.

The reasons for selecting this region are as follows: first, Guangdong Province is representative of regions with large populations
and scarce land resources, in which the average land per household is only half of the national average; second, Guangdong is the most
economically developed province in China, with the largest GDP for 34 consecutive years, making it a forerunner in China’s economic
and societal development; finally, Guangdong Province experiences abundant rainfall and high temperature throughout the year,
resulting in severe pest damage.

The main survey was conducted by the research team of the Guangdong Provincial Rice Industry System during July, 2021. In May
of the same year, the team conducted a pilot survey under the Guangdong Provincial Rice Industry System Station to determine a list of
villages for large-scale survey through stratified random sampling methodology. The formal survey covered 13 of the 21 municipal
cities in Guangdong Province, including all major rice-producing areas (Fig. 3). To make the sample more respresentative, our survey is
based on administrative stratified (province, cities, counties, and villages) random sampling, which is as follows: first, two counties
were randomly selected from each prefecture-level city; then, one or two villages were randomly selected from each county; finally, 30
rice farmers were randomly selected from each village. A total of 1076 questionnaires were completed, of which 960 were valid,
resulting in a sample efficiency of 89.22 %. All questionnaires were administered face-to-face, and each lasted for more than 1.5 hours.

To gain a deeper understanding, comprehensive interviews were conducted with village committee administrators from all 19
sample villages. These administrators were familiar with the villagers and most of them planted rice themselves. The semi-structured
interviews consisted of two parts: the first part is to gather basic information about the village, including population structure,
farmland use, labour transfer, and production conditions, with special attention to rice production and sales; the second part consists of
a series of open-ended questions about living conditions, rice production purposes, environmental attitudes, and understanding of

Survey area
Non survey area

Fig. 3. Location of the sample areas in Guangdong Province, China.
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green technologies. All interviews were conducted face-to-face and lasted for over 2 hours.
3.2. Variable description

Practically, almost all Chinese farmers use pesticides. Owing to the diverse array of pesticides and the complex situation of pest
infestations, it is difficult to determine whether pesticide application is appropriate based on the application rate. This study used
farmers’ pesticide selection decision-making behavior as the dependent variable. According to the questionnaire, farmers’ green
production behavior was measured by the question, 'Do you intentionally apply low-toxicity or low-residue pesticides in production?’,
where the value is 1 if the response is ’yes’. If the response is 'no’, then the value is 0.

According to the concept framework (Fig. 1), the core independent variables in this study are smallholder’ self-actualization in
three aspects: environmental, market, and personal. Environmental self-actualization refers to the importance of improving the
agriculture ecological environment, which is measured on a scale of 1-5, with 1 indicating that it is 'very important’ and 5 indicating
that it is 'not important at all’. Market self-actualization refers to the market perceptions. This is measured using the question, Do you
believe that current rice sales reflect high quality and high price?’ with a response of "yes’ being valued as 1; a response of 'no’ is valued
as 0. Personal self-actualization is measured using the question "How green production can benefit health status?’, which is measured
on a scale of 1-3, with 1 indicating 'poor’, 2 indicating "acceptable’, and 3 indicating "excellent’.

Based on extant literature [37], this study included regular control variables to avoid biased model estimates caused by missing
variables, which are gender, age, and education. Considering that this study is concerned with the green production behaviors, the
control variables also included farming experience, information acquisition ability, family income, dependency ratio, rice yield and
sale in 2020. (Table 1).

3.3. Methods

Whether intentionally apply low-toxicity or low-residue pesticides is a binary variable, and with reference to Huang and Luo’s [37]
analysis of bio-pesticide adoption behavior for rice farmers who both sell and eat rice, we constructed a logistic regression models to
explore the impact of self-actualization on smallholders’ green production behavior. In the model, Y is dependent variable. Y = 1
denotes the smallholders with intentionally applying low-toxicity or low-residue pesticides; whereas Y = 0 denotes the smallholders
without intentionally applying low-toxicity or low-residue pesticides. E, M, and P are core independent variables indicating
self-actualization in the environment, self-actualization in the market, and self-actualization in their health, respectively. X stands for
the control variables. The binary logistic regression model settings are as follows:

1

P(Y = OlEm7 va Pm7 Xm) = 1 + e (o1 Em t P2 M +B3Pm+BaXem) 1)
The logarithmic transformation of equation (1) yields
11’1 <1 I_’p) = BO + B]Em + ﬁsz + ﬁgpm + B4Xm (2)

where p is the probability of green production behavior occurrence; m denotes different sample rice farmers; f, is a constant term; f;,
By, B3, and P, are coefficient estimators of corresponding variables, respectively; e, is a random disturbance term.

Table 1
Variable definitions and descriptive statistics.
Variables Definition Mean SD
Green production Do you intentionally apply low-toxicity or low-residue pesticide? 1 = Yes, 0 = No 0.681 0.466
Environmental self- How important is improving the agriculture ecological environment? 1 = not important at all; 3 = general;  4.248 1.157
actualization 5 = very important
Market self-actualization Do current rice sales reflect high-quality and high-price? 1 = Yes, 0 = No 0.548 0.498
Personal self-actualization How green production betefit your health status? 1 = poor; 2 = acceptable; 3 = excellent 2.720 0.548
Gender 1 = man; 0 = woman 0.721 0.449
Age Age of the farming decision-maker 59.182  9.581
Education level Years of education of the farming decision-maker 6.955 3.346
Farming experience Are you familiar with farm work? 1 = do not know at all; 3 = average; 5 = very familiar 4.799 0.620
Ability of information Do you use a smartphone? 1 = use smartphone; 0 = do not use smartphone 0.701 0.458
acquisition
Family income Ln (Family income in 2020) 10.762  1.283
Dependency ratio The ratio of the number of working people in a household to the number of non-working people. 0.653 0.909
Household rice yield Ln (Household rice yield in 2020) 8.391 0.908
Income from rice sales Ln (Income from rice sales in 2020) 5.499 4.073
5
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4. Results
4.1. Understanding current Chinese smallholders

Farmland area of less than 2 ha is the most commonly used standard for smallholder [35,46]. Table 2 shows the rice-planting area
of the 960 sampled farmers. Of these, 49 had rice planting area exceeding 2 ha, 59 had rice planting area of 1-2 ha, and 89 had rice
planting area of 0.66-1 ha. Nearly 80 % had rice planting area less than 0.66 ha, and half less than 0.33 ha.

Based on the survey, of the 960 rice sampled farmers, there were a total of 6180 family members involved. Table 3 displays that
2102 of them did not make cash income, including minors, students, housewives, patients, unemployed individuals, and retirees.
Among the income earners, 1944 (47.67 %) mainly derived agricultural production income from contracted land, whereas 2134
(52.33 %) derived income outside their own land. These results align with current Chinese smallholders’ livelihoods, which is half-
working and half-farming [30,34].

At the household level, of the 960 rice farmers surveyed, only 49 reported that no one in their family took contracted land as their
main work, which means that about 95 % of the sampled households family had at least one family member taking contracted land as
their main job. Additionally, 212 households reported that no one was primarily engaged in off-farm work in 2020, indicating that
more than 80 % of the households had family members who took off-farm jobs. The livelihood mode of the remaining 699 households
(72.81 %) was "half-working and half-farming’ (Table 4). Among the 212 households without off-farm income, 156 reported that their
family income exceeded 10,000 yuan in the first half of 2021. It is worth noting that the COVID-19 pandemic and related policies
affected the off-farm employment and income. Despite this, the survey suggests that approximately 95 % estimating family income in
2021 exceeding 10,000 yuan, and approximately 88 % estimating family income exceeding 20,000 yuan, which is obviously higher
than the income from contracted land alone.

Regarding living expenses, rural households can obtain sufficient grains and vegetables from their contracted land. Additionally, all
the sampled households had self-built houses on free-use housing sites, and 114 of sampled farmers also owned other residential real
estate outside their villages. Furthermore, compulsory education and rural medical cooperative insurance are available, which provide
nine years of free education and basic medical treatments. Cash expenditures in rural China is very low[34]. Therefore, even with a low
cash income from the land, villages offer rural population an affordable living option.

In summary, Chinese smallholders currently do not earn much money through farming because of their limited land scale. The main
purpose of farming is to provide food to their families (80.21 % of the sampled farmers; Table 5). Farming serves a dual purpose: to
reduce cash expenses and provide leisure [34]. As Zhang [30] showed, Chinese smallholders have differentiated into
production-oriented smallholders and life-oriented smallholders.

4.2. Major characteristics of smallholders and non-smallholders

In this study, the standard for smallholders is based on farmers’ production purposes (self-feeding or selling), according this
standard, the smallholder group consisted of 770 farmers, about four times the farmer size of the non-smallholder group (Table 5). In
the full sample, family farming decision-makers were predominantly men, with an average age of almost 60 years and less than seven
years of education. However, about 30 % did not use smartphones, and most were familiar with farm work and in excellent health
conditions.

Non-smallholders are more positive in all indicators except for familiarity with farm work. By comparison, smallholders were older,
poorer health, less education and family income. These differences were more pronounced in rice production output, which was more
than five times higher for non-smallholder than smallholder, and income from rice sales was even 14 times higher also for non-
smallholders than smallholders.

4.3. Green production behavior of farmers with planting areas

Among the 960 surveyed farmers, 654 intentionally used low-toxicity or low-residue pesticides during production, whereas 306 did
not. As shown in Table 6, the highest proportion of farmers using green pesticides was in the group with a rice planting area of 1-2 ha,
reaching 84.75 %. The proportion of the group with a rice-planting area greater than 2 ha was 77.55 %. Groups with a rice-planting
area of less than 1 ha had a comparatively low proportion of green pesticide use. Pearson’s chi-square test (p = 0.020) indicated a
significant difference in green production behavior among farmers with different rice-planting areas.

4.4. Influencing factors to smallholders’ green production behavior

Stata 17.0 was used to estimate the impact of farmers’ self-actualization on their green production behavior. Above all, collinearity

Table 2
Number and the corresponding percentage of farmers with different rice planting areas.
>2 ha (>30 mu) 1-2 ha (15-30 mu) 0.66-1 ha (10-15 mu) 0.33-0.66 ha (5-10 mu) <0.33 ha (<5 mu)
Number of farmers 49 (5.10 %) 59 (6.15 %) 89 (9.27 %) 287 (29.90 %) 476 (49.58 %)

1 mu = 666.67 m? or 1 mu = 1/15 ha.
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Table 3
Number and the corresponding percentage of people with different income sources.
Income from contracted land Income from outside contracted land No income
Number of people 1944 (31.50 %) 2134 (34.50 %) 2102 (34.00 %)
Percentage of income generators % 47.67 52.33 -

Table 4
Number and the corresponding percentage of family with different income sources.
Families with little farming income Families with little off-farm working income Half working and half farming families
Number of families 49 212 699
Percentage % 5.11 22.08 72.81

Table 5

Descriptive statistics of smallholders and non-smallholders.
Characters Smallholders Non-smallholders Difference t value
Number of farmers 770 (80.21 %) 190 (19.79 %) - -
Green behavior (%) 66.1 76.32 —10.22 2.891%**
Gender: male (%) 69.20 84.20 -15 —4.787%%%
Age (year) 60.015 (9.347) 55.805 (9.793) 4.21 —5.355%**
Education (year) 6.841 (3.384) 7.415 (3.155) —-0.57 2.214%*
Familiarity with farm work (5 = very familiar) 4.809 (0.597) 4.757 (0.700) 0.05 -0.927
Smartphone usage (%) 68.20 78.40 —10.2 —2.984%**
Family income in 2020 (yuan) 71650.60 (73006.05) 115935.40 (195380.60) —44284.8 3.072%**
Family rice output in 2020 (kg) 4053.98 (2795.52) 23207.32 (39665.04) —19153.34 6.652%**
Cash income from rice sales in 2020 (yuan) 2031.36 (3248.69) 28966.28 (51382.68) —26934.92 *
Dependency ratio 0.678 (0.955) 0.549 (0.686) 0.129
Environmental awareness 4.201 (0.043) 4.439 (0.706) —-0.24
Market awareness 0.525 (0.018) 0.642 (0.349) -0.12
Self-awareness 2.696 (0.202) 2.816 (0.034) —0.12

Values before and in the parenthese present mean and the corresponding standard deviation, respectively.

Table 6
Farmers’ green production behavior with different rice planting areas.
>2ha 1-2 ha 0.66-1 ha 0.33-0.66 ha <0.33 ha Full sample
Non green production behavior 11 (22.45 %) 9 (15.25 %) 32 (35.96 %) 90 (31.36 %) 164 (34.45 %) 306 (31.88 %)
Green production behavior 38 (77.55 %) 50 (84.75 %) 57 (64.04 %) 197 (68.64 %) 312 (65.55 %) 654 (68.12 %)
Chi-square test 11.6859** 960

diagnosis on the variables was conducted. The VIF value ranges from 1.01 to 1.50, which is much lower than 10, indicating that the
strength of the collinearity relationship between the variables is extremely weak and meets the requirements of logistic regression.
Secondly, in order to avoid the effects of possible heteroskedasticity, autocorrelation and outliers in the model setting, following
Huang and Luo’s [37] approach, the maximum likelihood method was adopted and the model was robustly estimated. Additionally,
the Wald test for the full sample regression of the model is significant, indicating that the overall regression coefficients of the model
are significant and the parameter estimates are robust. As shown in Table 7, all three aspects of self-actualization significantly
influenced the green production behavior of smallholders, whereas none were statistically significant for non-smallholders.

Environmental self-actualization had a significantly positive effect on green production behavior among smallholders (p < 0.01),
with an odd ratio of 1.216. Smallholders who prioritized improving the agricultural ecological environment were more likely to
intentionally apply low-toxicity or low-residue pesticides. This trend was more pronounced among smallholders than the full sample of
farmers, as indicated by the larger coefficient. These results support Hypothesis 1.

Market self-actualization also had significantly positive effects on green production behavior among smallholders (p < 0.1), with an
odd ratio of 1.328. Smallholders who recognised the high-quality and high-price market were more likely to intentionally apply low-
toxicity or low-residue pesticides. Smallholders’ need for market self-actualization was satisfied if they perceived the market to be of
high-quality and high-price, regardless of whether the real market reflected this perception. These results support Hypothesis 2.

Personnel self-actualization had significantly positive effects among smallholders (p < 0.1), with odd ratio of 1.290. Smallholders
who believed that green production had a more positive impact on their health were more likely to intentionally apply low-toxicity or
low-residue pesticides. These results support Hypothesis 3.

Regarding the other factors affecting green production behavior, gender and education were statistically significant. Among both

7
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Table 7

Impact of self-actualization on farmers’ green production behavior.

Heliyon 10 (2024) e30950

Full sample farmers Smallholders Non-smallholders

Coeff. 0Odd ratio Coeff. 0Odd ratio Coeff. 0Odd ratio
Environmental self-actualization 0.184*** (0.058) 1.202 0.196*** (0.063) 1.216 0.007 (0.169) 1.007
Market self-actualization 0.217 (0.144) 1.243 0.284* (0.159) 1.328 —0.236 (0.389) 0.790
Personal self-actualization 0.275** (0.130) 1.317 0.255* (0.141) 1.290 0.394 (0.338) 1.482
Gender —0.409** (0.170) 0.664 —0.355%* (0.184) 0.701 —0.224 (0.520) 0.780
Age —0.014 (0.009) 0.986 —0.007 (0.010) 0.993 —0.027 (0.024) 0.973
Education 0.049** (0.023) 1.050 0.060** (0.025) 1.062 0.199 (0.061) 1.020
Familiarity with farm work —0.158 (0.126) 0.854 —0.103 (0.140) 0.902 —0.342 (0.232) 0.710
Ability of information acquisition 0.268 (0.184) 1.307 0.238 (0.199) 1.268 0.357 (0.537) 1.428
Ln (family income) 0.036 (0.052) 1.037 0.043 (0.054) 1.044 —0.100 (0.165) 0.904
Ln (family income from rice) —0.002 1.003 —0.012 (0.021) 0.988 —0.101 (0.139) 1.106

(0.018)
Dependency ratio —0.077 (0.074) 0.926 —0.127 (0.079) 0.881 0.368 (0.286) 1.445
Constant 0.222 (1.152) 1.249 —0.633 (1.245) 0.531 3.018 (3.355) 20.457
Number of farmers 960 770 190
Wald value 45.09%** 42.02%%* 8.42
R? 0.038 0.040 0.038

*, ** and *** indicate significance at the 10 %, 5 %, and 1 % levels, respectively, with the standard errors in parentheses.

smallholders and the full sample of farmers, women were more likely to intentionally apply low-toxicity or low-residue pesticides,
which should be related to their more delicate emotions, more emphasis on life and health. Smallholders with longer years of education
were more inclined towards green production, because education encourages them to better understand green prodction and have the
ability to practice it.

4.5. Robustness check

To perform a robustness check, the logistic regression model was replaced with probit model for regression analysis. Table 8 shows
that the signs and statistical significance of each independent variable align with the estimation results shown in Table 7.

Table 8 also presents the logistic regression results according to another smallholder standard. Owing to the limited land resources
and large population in the survey area, each family had a limited area of contracted land. Therefore, farmers who farmed only on
contracted land were classified as smallholders. Apart from personal self-actualization and gender no longer significant, the signifi-
cance of other influencing factors was consistent (Table 8). One possible reason for this is that the scope of smallholders was
underestimated, because many farmers cultivate small-scale land from their relatives or friends. Although they cultivate more than
their contracted land, their behavior is consistent with that of farmers with the purpose of self-feeding. In conclusion, the empirical
results are robust.

5. Discussion
A large amount of literature has concerned with the serious agricultural pollution caused by farmers’ production behaviors. This

study focused on current Chinese smallholders, who differ from smallholders in other countries, and also from those in China 20 years
ago. According to mainstream literature, farmers with small farms face difficulties in their livelihoods. Our findings indicate that

Table 8
The result of robustness check.

Probit (smallholder standard: self-feeding purpose) Logistic (smallholders standard: farming on contracted land only)

Environmental self-actualization
Market self-actualization
Personal self-actualization

0.122*** (0.039)
0.172* (0.096)
0.158* (0.086)

0.141* (0.078)
0.435** (0.185)
-0.276 (0.181)

Gender —0.216** (0.112) —0.331 (0.221)
Age —0.004 (0.006) —0.000 (0.012)
Education 0.036** (0.015) 0.052* (0.029)

Familiarity with farm work
Ability of information acquisition
Ln (family income)

Ln (family income from rice sales)
Dependency ratio

—0.065 (0.083)
0.139 (0.119)
0.025 (0.034)
—0.007 (0.012)
—0.077 (0.050)

—0.209 (0.141)

0.187 (0.230)
0.082 (0.073)

—0.028 (0.032)
—0.140 (0.120)

Constant 0.364 (0.744) 0.281-0 (1.961)
Wald value 42,43 31.03%**
Number of farmers 770 551

R? 0.043 0.042

*, ** and *** indicate significance at the 10 %, 5 %, and 1 % levels, respectively, with the standard errors in parentheses.
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although small-scale land brings in little cash income, most Chinese smallholders’ family incomes are mainly not from land. Therefore,
current Chinese smallholders farm for self-actualization rather than profit. Based on this, a green production behavior model based on
psychological motives was proposed (Fig. 1) in contrast to the profit maximization or risk minimization models.

From the first-hand survey data, only 5.10 % of the farmers had rice-planting area exceeding 2 ha. According to Hazell et al. [46],
using 2 ha as the standard for smallholders, most Chinese farmers are smallholders. Of all the family members of the sampled farmers,
approximately one-third had no income, one-third were responsible for agriculture, and one-third were migrant workers. This fully
conforms to the livelihood mode of "half-working and half-farming’ as described by He [34]. This finding is also consistent with one of
the key answers to the "the puzzle of East and Southeast Asia’s persistent smallholder’ by Rigg et al. [35]. Although small-scale land can
only generate little cash income, rural living cost is low and the families have off-farm incomes. Therefore, current Chinese small-
holders have undergone differentiation, which aligns with Zhang’s [30] concept of ’life-oriented smallholders’. Therefore, this study
uses a new standard to define smallholders based on whether their production purpose is self-feeding or selling. According to this
standard, about 80 % of sampled farmers are classified as smallholders. The t-test showed that smallholders perform poorly on almost
all indicators compared with non-smallholders significantly. These survey results also confirm the aging and weakness of agricultural
labour resources, which is consistent with Lu’s [17] findings.

The logistic regression results revealed a significant positive correlation between smallholders’ green production behavior and
their self-actualization in all three aspects (environmental, market, and personal). Compared with high-toxicity pesticides, low-toxicity
or low-residue green pesticides are less effective in killing pests, which means choosing green pesticides poses a risk of yield reduction.
Smallholders, whose production purpose is self-feeding, are willing to exchange the risk cost of reducing production for psychological
and spiritual benefits of self-actualization in environmental dimension. Additionally, smallholders have only a small amount, or even
no rice for sale.Because of the absence of market transactions for the rice products, smallholders still believe their green products are
valuable as long as they perceive the market having a high-quality and high-price mechanism. Although smallholders’ green pro-
duction does not achieve market value, it realizes smallholders’ self-actualization in market dimension. Furthermore, smallholders
produce agricultural products mainly for their family consumption. Therefore, when they believe that green production is beneficial to
their health, they would naturally carry out green production. In other words, green production can realize smallholders’ self-
actualization in personal dimension.

In the non-smallholder group, none of the influencing factors in the green production behavior model were statistically significant.
This suggests that there are different mechanisms of green behavior between farmers with the production purposes of self-feeding and
selling. Environmental awareness, market value recognition, and personal health perception are not significant concerns for profit-
oriented farmers’ green production behavior. Interestingly, profit-oriented farmers do not show a significant positive effect on mar-
ket self-actualization, despite the expectation that they would be more eager to gain market recognition. This may be because the
Chinese agricultural product market is still a lemon market, which does not reflect the high price of green production rice [37,38]. The
interview survey also revealed that the difference in acquisition prices was mainly due to the variety of rice rather than its green
production status. Additionally, cash income from rice sales was not a significant factor. A possible reason for this is that, based on the
current acquisition price of rice, the profits from rice production are minimal, whereas profits mainly come from subsidies or cash
crops through crop rotation with rice.

Based on the views that land is no longer the ’lifeblood’ of Chinese farmers and the core mode of today’s Chinese rural household is
half-working and half-farming [34], this study proposes that the self-actualization significantly affects current Chinese smallholders’
green production behaviors.

6. Conclusions

The objective of this study is to explore the role of self-actualization in Chinese smallholders’ green production behavior. The study
was conducted in 13 municipal administrative regions in Guangdong Province, China, covering all major rice production areas.

The results showed that 94.90 % of the farmers’ rice-planting area was less than 2 ha, while 80.21 % of the farmers reported that
their production purpose was family self-feeding. Pearson’s chi-square test indicated that there were significant differences in green
production behavior considering planting areas. Combining the data of family income sources and living standards, the present study
found that production purpose was a more suitable standard for defining current Chinese smallholders. Applying this new standard,
the t-test showed that non-smallholders had significant advantages in most characteristics. However, the logistic regression results
demonstrated that all three aspects of self-actualization (environmental, market, and personal) had a significantly positive impact on
the green production behavior of smallholders, but without significant influence among non-smallholders.

Targeted policies should be implemented to meet the needs of Chinese smallholders. First, information about the agricultural
ecological environment should be disseminated, particularly by linking green production practices to local environmental and per-
sonal health. This would increase smallholders’ environmental awareness and meet their self-actualization needs for better envi-
ronment and personal health. Additionally, the high-price green agricultural market should be built, promoting green production
practices among smallholders by meeting their need for market value recognition.

This study has some limitations, which should be addressed by future research. The data used in this paper is based on the principle
of randomness. On the one hand, it better represents the actual situation of Chinese farmers (with smallholders accounting for the
majority), but on the other hand, the sample size of non-smallholder is relatively small. Further research should expand the total
sample size to conduct more in-depth analysis of non-smallholders, then do comparison with smallholders. Additionally, despite the
fact that the scope of our survey is limited in Guangdong Province, these results may provide useful information that might help to
understand the green production behaviors of farmers who are not profit-oriented.
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Rapid urbanization and industrialization in China, combined with a rural-urban
dual structure, have resulted in significant challenges for rural solid waste
management (RSWM). Through the issuance of regulations and guidelines, and
the allocation of substantial funds, the Chinese government has achieved
remarkable success in implementing a top-down, linear, and authoritarian
waste system, with the national village-level coverage rate of the rural waste
management system growing from zero to over 90% in less than 20 years. This
paper provides insights into the factors that influence villagers' responses
(attitudes and behaviors) to authoritarian environmental policy measures. Using
primary data from Meizhou County in Guangdong Province (the poorest county in
China’s richest province), the study finds that villagers’ attitudes are significantly
affected by their satisfaction with the government's RSWM and their
environmental concern, while villagers' behaviors are significantly influenced by
their approval level of the local environment, the availability of solid waste
collection (SWC) facilities, and their environmental concern. Thus, villagers’
SWC behaviors are mainly influenced by practical convenience and internal
motivation. In general, government-relevant factors do not directly impact
villagers" SWC behaviors but significantly moderate villagers’ behaviors.
Surprisingly, the variable of villagers' education level is a significantly negative
factor in affecting both RSWM attitudes and behaviors, implying that future RSWM
policy measures should take consider democracy more and value villagers’
participation.

KEYWORDS

rural solid waste management, villagers’ attitudes and behaviors, rural China,
authoritarian environmental governance, democracy environmental governance

1 Introduction

Solid waste management (SWM) is a global issue, particularly in fast-developing regions,
where waste management cannot keep up with the pace of development (World Bank, 2018).
China is a dual-structured country, with rural regions lagging behind urban regions
generally. Rural China is facing more severe waste problems due to the expanding
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economy (Liao et al,, 2018). Traditionally, rural household waste was
consumed and recycled by nature (Han et al., 2018). However, due
to the increasing quantity and changing composition of waste, waste
in rural areas have exceeded nature’s capacity to handle, resulting in
the phenomenon of “junk-sieged villages”.

According to the garbage industry report data, the total annual
quantity of rural solid waste (RSW) reached 227 million tons in 2017
(Qianzhan Institution, 2019). The Vice Minister of the Department
of Agriculture and Rural Affairs reported that almost a quarter of
RSW was not collected or processed (Xin Hua News Agency, 2020),
which poses a significant theat to villagers’ daily life and harms their
bodies directly and indirectly (Han et al., 2018). Even worse, RSW
pollutes agricultural land, water, and air, which resulting in
contaminated agriculture products that affect public health. The
effectiveness and efficiency of RSWM in China affects more than
600 million rural population living on about 9 million square
kilometers of land. Acknowledging the seriousness of the RSW
problem, the Chinese government has made great effects to solve
it since around 2005. This includes issuing a series of laws and
regulations, a large number of investments, and promotions on
environment protection (Wang et al., 2017).

Due to the public goods nature of environmental protection, the
government plays an important role in its management in most
countries. Environmental authoritarianism is potentially a superior
basis for public policy (Gilley, 2012), and has made some success in
East Asia including Japan and China (Beenson, 2014). In the
historical context of China’s authoritarian rule, the Chinese-style
logic of governance is embedded into the environmental
governance, making it a top-down linear path (Zang and Ly,
2017). A nationwide panel data (in 2005, 2008, and 2012)
indicates that rural solid waste collection (RSWC) facilities and
services have rapidly increased from 3% to about 50% (Wang et al.,
2016). Another national survey in 2016 announced that RSWC
services cover more than 80% of villages across the country (Wang
et al., 2017). In September 2020, in the third session of the 13®
People Congress, the Ministry of Agriculture and Rural Affairs
claimed that over 90% of villages have been covered by the RSW
collection, transfer, and treatment system. Beeson (2018) pointed
out that there is no sign of disappearing in China’s particular variety
of authoritarian rule, and the growing environmental problems are a
possible reason for the durability of authoritarianism.

Considering the mismanagement, ineffectiveness, and injustice
of authoritarian environmental governance, researchers put forward
the idea of “participatory governance” in developed countries
50 years ago (Heibronner, 1974; Dryzek, 1987). Li and Reuveny
(2006) analyzed data from more than 100 countries from 1961 to
2000 and found that participation can reduce environmental
degradation. A Chinese case study in Shandong Province
revealed that the current RSWM has unintended consequences,
such as the erosion of rural environmental responsibility, social
differentiation, power reconstruction, and environmental injustice
(Sun, 2019). Empirical studies on environmental authoritarianism
are rare, particularly in rural areas.

The main objective of this study is to identify the key
determinants of villagers’ attitudes towards RSWM and their
RSWC behaviors under China’s environmental authoritarianism.
To achieve this goal, a survey is designed to collect primary data on
villagers” RSWM attitudes and RSWC behaviors. A multi-variable

Frontiers in Environmental Science

02

70

10.3389/fenvs.2023.1150838

analysis of the villagers’ RSWM attitudes and RSWC behaviors is
conducted. Finally, policy recommendations based on the empirical
findings are provided.

2 Relevant research and background

This section provides background information for this paper,
including a literature review, an overview of RSW in China, the
current situation of RSWM, and the development of related
regulations.

2.1 Related research

Studies on RSWM in China can be divided into two categories.
The first category focuses on the provision of RSWM services at the
village level (Wang et al., 2016; Pan et al., 2017; Cao et al., 2018),
while the second category is related to individual attitudes and
behaviors toward RSWM (Zeng et al., 2016; Han et al,, 2018; Ma
et al,, 2020).

Studies on RSWM service supply are more about the facilities,
policies, villager officers, and their villagers. According to a panel
survey of 101 villages’ RSWC conducted by Wang et al. (2016), there
has been an overall significant increase in RSWC facilities, but richer
villages tend to have more facilities. However, as noted by Pan et al.
(2017) and Wang et al. (2017), RSWC service is not equally provided
due to the uneven economic development, and some RSWC services
are not practical but merely for “showcasing” (Pan et al., 2017).
Additionally, villages with more educated villagers tend to discharge
less waste (Huang et al., 2013). However, there is no significant
correlation is shown between villagers” educational level and the
RSWC service (Cao et al., 2018).

Individual-level studies have identified significant factors
influencing attitude and behaviors towards RSWM including
government regulations (Ma et al., 2018) and efforts (Wan et al,
2015); social factors, such as education level (Han et al., 2019) and
culture (Han et al., 2018); economic factors, such as income (Han
et al,, 2019) and consumption (Han et al., 2018); and psychology
factors, such as local identity (Pei, 2019) and attitude in the
environment (Ma et al, 2018). A study of 14 developing
countries found that education, training, and demonstration
projects play a positive role in improving people’s awareness of
environmental protection. Different traditions and cultures, living
habits, geography, and climate in different places lead to diverse
environmental behaviors (Han et al., 2018). Ma’s (2020) survey of
689 villagers in Shanxi Province in China revealed that the policy
instruments not only directly affect pro-environmental behaviors
but also indirectly affect perceived value.

The literature on RSWM in China is extensive. However, few
studies have addressed its typical authoritarian governance, despite
it being one of the eight major research clusters in environmental
governance research (Ohno, 2019). Available literature on China’s
environmental authoritarianism mainly focuses on legislation
(Gilley, 2012; Beeson, 2017; Wang and Jiang, 2020) and policy
(Liu et al., 2019), but is rare on public response. Researchers outside
China have made significant contributoins to the field. For example,
String et al. (2006) examined three case studies to address the
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potential of adoption management to make environmental
management more democratic. Wallington and Lawrence (2008)
studied a natural resource management experiment in Australia to
discuss the responsibility of environment governance from federal
and state governments to community-based bodies. Newig and
Fritsch (2009) used 47 existing case studies as empirical data and
found out that involved actors’ preferences determine the
environmental outcomes, but there is no correlation between
government efficiency and decision-making scale. Hidayat and
Stoecker (2018) analyzed a survey of city-wide residents in the
US and found that community-based organizations could have a
positive impact on civic environmentalism, environmental justice,
and sustainability.

2.2 RSW in China

China’s economy experienced rapid growth since 2000, but its
development is still mainly in urban regions. Rural migrant workers
have become an important economic engine, and income from these
workers, which is often transferred to their parents and children in
rural areas, has led to a significant increase in rural consumption of
industrial products (Wang et al., 2014). In traditional self-sufficient
rural economy, waste can be reused and recycled within villages, and
returned to nature (Sun, 2019). However, the variety, component,
and amount of waste are becoming similar between rural and urban
areas. In 2010, the annual quantity of waste from rural regions
(234 million tons) exceeded that from urban regions for the first
time (Wang et al,, 2016).

2.3 The development of RSWM in China

Although rural waste has increased dramatically since 2000, the
environmental governance in China showed little concern about
rural regions. Before 2010, there was no standardized nor systematic
SWM in rural regions (He, 2012).

In 2002, the 5th National Conference on Environmental
that
protection is one of the most important governmental functions.”
In 2005, the National People’s Congress issued the Law of the

Protection clearly proposed the idea “environmental

Prevention and Control of Environmental Pollution by Solid
Waste, which brought RSWM under public scrutiny for the first
time. In 2006, the Patriotic Health Campaign Committee Office and
the Ministry of Health issued the “Notice on the Investigation of the
Current Situation of Rural Drinking Water and Environmental
Sanitation.”, which is a nationwide environmental sanitation
investigation that covered both urban and rural regions for the
first time. In 2010, the Ministry of Environmental Protection issued
the “Notice on Rural Life Pollution Control Technology Policy,”
which directly prohibited villagers from littering, piling up, or
burning RSW. In 2015, the Ministry of Housing and Urban-rural
Development collaborated with nine other ministries to issue the
Guidance on Rural Solid Waste Governance. In January 2018, the
General Office of the Communist Party of China Central Committee
and the General Office of the State Council issued and distributed
the Three-Year Action Plan for the Improvement of Rural Human
Settlements.
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Since 2010, RSWM special funds have been set up in three-
level (national, provincial, and municipal) financial sections,
and county-level governments include RSWM fees into the
budget. that, the public budget for
community sanitation did not differentiate between urban

Before national
and rural regions. The 12th Five Year Plan proposed to build
“clean and tidy villages” and to provide accompanying
government investments, such as the Rural Environmental
Protection Special Fund. Since 2010, the national public
financial expenditure for environmental protection and
community sanitation has been increasing every year. For
example, in 2019 it accounted for about 4% of the total
expenditure. Compared to 2018, the public expenditure for
urban and rural communities together grew 16.1%.

After a series of RSWM pilot programs, the “village collection,
township transfer, county treatment” united model (Figure 1) was
promoted throughout China. This model is based on the “Guidance
for Construction and Investment of Rural Domestic Waste
Classification, Collection, Transportation and Treatment Projects”
(2013) and the “Guidance on Improving Rural Human Settlements”
(2014). In the RSWM framework, RSWC is the first step and the
foundation of subsequent steps of RSW transfer and treatment (Cao
et al,, 2018). The completion rate and quality of RSWC depend on
individual villagers.

3 Theoretical model and hypotheses

Environmental authoritarianism is a model of top-down
governance to address pro-environmental issues, with limited
community participation (Wangand Jiang, 2020). According to
Beeson (2010), the combination of environmental crisis and
led to
environmental authoritarianism in East Asia, particularly in
China.

authoritarian traditions has the prevalence of

3.1 Environmental attitudes and behaviors
under China’s environmental
authoritarianism

The theory of reasoned action posits that attitude is a key
determinant of behavior(Ajzen, 1991). Our model is to identify
factors affecting attitudes and behaviors towards RSWM among
villagers, and to determine whether government-related factors
have mediating effects under China’s environmental
authoritarianism.

There are two thoughts in environmental behaviors. One
suggests that individuals make active choices based on personal
attitude, knowledge, and demographic characteristics; while the
other posits that external factors such as social norms and
facilities play a more significant role. As a matter of fact, both
internal and external factors can play a role in shaping individual
environmental behaviors. Based on the literature and field survey,
factors included in the model are promotion, social norms,
environmental identity, facilities, environmental concern,
satisfaction to government’s RSWM jobs, gender, age, education,

and family size. The following hypotheses are proposed:
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FIGURE 1
The management framework of RSWM in China.

Hypothesis 1a. (H1a). If a villager has a higher level of satisfaction
with the government’s RSWM jobs, he or she will be more likely to
fully support RSWM.

Hypothesis 1b. (H1b). If a villager has a higher level of satisfaction
with the government’s RSWM jobs, he or she will be more likely to
strictly follow the government’s requirements to clear waste.

Hypothesis 2a. (H2a). If a villager has a higher perception that the
government’s promotion makes him or her more concerned about
RSW, he or she will be more likely to fully support RSWM.

Hypothesis 2b. (H2b). If a villager perceives that the government’s
promotion makes him or her more concerned about RSW, he or she will be
more likely to strictly follow the government’s requirements to clear waste.

Hypothesis 3a. (H3a). If a villager has a higher perception that all
neighbors follow the government’s requirements to clear waste, he
or she will be more likely to fully support RSWM.

Hypothesis 3b. (H3b). If a villager has a higher perception that all
neighbors follow the government’s requirements to clear waste, he
or she will be more likely to strictly follow the government’s
requirements to clear waste.

Hypothesis 4a. (H4a). If a villager has a higher level of satisfaction
with the local environment and has no plan to move to another
place, he or she will be more likely to fully support RSWM.

Hypothesis 4b. (H4b). If a villager has a higher level of satisfaction
with the local environment and has no plan to move to another
place, he or she will be more likely to strictly follow the government’s
requirements to clear waste.

Hypothesis 5a. (H5a). If a villager has a higher perception that
there are reasonable waste collection facilities in the village, he or she
will be more likely to fully support RSWM.

Hypothesis 5b. (H5D). If a villager has a higher perception that there
are reasonable waste collection facilities in the village, he or she will be
more likely to strictly follow the government’s requirements to clear waste.

Hypothesis 6a. (H6a). If a villager has a higher perception that

environmental protection is not only the government’s
responsibility but everyone’s, he or she will be more likely to

fully support RSWM.
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Hypothesis 6b. (H6b). If a villager has a higher perception that
environmental protection is not only the government’s
responsibility but everyone’s, he or she will be more likely to

strictly follow the government’s requirements to clear waste.

Hypothesis 7. (H7). If a villager reported he or she fully supports
RSWM, he or she is more likely to strictly follow the government’s
requirements to clear waste.

Drawing upon them, a theoretical framework is formulated
(Figure 2).

3.2 Mediating role of government-relevant
factors

ABC theory of emotion is widely applied including pro-
environmental research (Guagnano et al, 1995). By certain
antecedents, an individual's belief (attitude) might adjust, and then
relevant consequences appear (behavior). As to China’s environmental
authoritarianism of RSWM, the government has designed, invested, and
built up a complete RSWM system for villagers. Government-relevant
factors might not only directly affect villagers’ attitudes and behaviors
respectively, but act as a catalyst to affect the relationship between villagers’
attitudes and behaviors. Therefore, the following hypotheses are proposed:

Hypothesis 8. (H8). Villagers’ satisfaction with the government’s
RSWM jobs positively moderates the positive impact of villagers’
RSWM attitudes to RSWC behaviors.

Hypothesis 9. (H9). Villagers’ perception of the government’s
promotion positively moderates the positive impact of villagers’
RSWM attitudes to RSWC behaviors.

Hypothesis 10. (H10). Villagers’ perception that “environment
protection is not only government’s responsibility, but everyone’s”
positively moderates the positive impact of villagers’s RSWM
attitudes to RSWC behaviors.

Drawing upon this, a theoretical framework is formulated (Figure 3).

4 Data collection

4.1 Study area

The data for this study were collected through a questionnaire
survey of rural households in Meizhou County, Guangdong
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FIGURE 2
The theoretical framework of villagers’ attitudes and behaviors to RSWM.
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The theoretical framework of mediating role of government-relevant factors.

Province in February 2020 (Figure 4). The survey was conducted in
Meizhou County because it is the most representative area of
environmental authoritarianism. All eight towns in Meizhou
County were planned for investment, but due to COVID-19, one
town (Wuhua Town) was not completed. Two villages were
randomly selected from each of the seven towns, and twenty-five
farmers were randomly selected from each selected village. Of the
350 rural households surveyed, 46 questionnaires were invalid due
to missing key The final sample
304 households, yielding an effective survey rate of 86.86%.

information. includes

Meizhou County has a permanent population of 3,876,900, of
which 1,846,200 live in rural areas.

In 2015, the Provincial People’s Congress of Guangdong
Province issued the Regulations of Guangdong Province Urban-
Rural Solid Waste Management, which defined and clarified
for village cleaning, rural waste

standards handling
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requirements, and waste classification specifications. In 2018,
the Department of Housing and Urban-Rural Development of
Guangdong Province issued and distributed Guidelines for Rural
Solid Waste Governance to regulate the practical operation of
villagers’ waste management by local governments and villages.
The Guangdong Province government promoted the “one county
one landfill, one town one station, one village one point” policy
for RSWM construction. According to data presented by the
Department of Housing and Urban-Rural Development of
Guangdong Province in 2018, Guangdong had constructed
waste landfills in 66 counties out of 69 counties, waste
treatment stations in all 1,139 towns, and waste collection
all 198,000 Additionally, about
180,000 village cleaners were on duty, and the government
had provided 2.67 billion RMB in special financial funding for

points  in villages.

rural waste management (including solid waste and liquid waste)
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Map of China

FIGURE 4
Study area.

TABLE 1 Demographic characteristics of the respondents.

Variable  Category Frequency Percentage (%)
Gender Male 166 54.61
Female 138 45.39
Age <20 38 12.50
20-30 77 25.33
31-40 37 12.17
41-50 47 15.46
51-60 44 14.47
>60 61 20.07
Education Primary school or below = 52 17.11
Junior middle school 93 30.59
Senior middle school 59 19.41
College or above 99 32.57
Family size <4 48 15.12
4 81 26.64
5 81 26.64
>5 94 30.92

from 2012-2017. In 2019, during an on-site promotion meeting
held by the Guangdong provincial housing and urban-rural
system to implement a revitalization strategy and improving
the rural living environment, it was announced that the goal
was to processed 100% of RSW by the end of 2020.

Frontiers in Environmental Science

Map of Meizhou County

Meizhou County was selected as the case study sample due to
its unique position as the poorest county in China’s richest
province, Guangdong. In 2020, Guangdong’s GDP reached
1.61 trillion USD, the highest GDP in China for 32 years,
while Meizhou County’s GDP was 17.56 billion USD, less than
1.1% of Guangdong’s GDP. Additionally, Meizhou County has
the lowest per capita GDP at 4,535 USD. Therefore, Meizhou
County is an ideal area to study the impact of RSWM funding
from Guangdong provincial finance in a typical environmental
authoritarianism setting.

4.2 Descriptive characteristics

Table 1 presents descriptive statistics for the characteristics of
the survey respondents.

Table 1 shows that 54.61% (n = 166) respondents are male.
The largest age group of respondents is between 20 and 30 years
old (25.33%), followed by the over-60-years-old group (20.07%),
the 41-to-50-years-old group (15.46%), the 51-to-60-years-old
group (14.47%), the younger-than-20-years-old group (12.17%),
and the 31-to-40-years-old group (12.17%, n = 37). The high
percentage of young people in rural China during the survey
period is a seasonal phenomenon that occurs every February due
to schools’ winter vacation and the Spring Festival public holiday.
Of the respondents, 32.57% have a college or higher education
level, while a similar percentage (30.59%) have junior middle
school education. 19.41% have a senior middle school education,
and 17.11% only have primary education or less. The same
percentage of respondents (26.64%) have 4 or 5 family
members, while over 30.92% have a larger family with more
than 5 members, and 15.12% have a smaller family with less than
4 members.
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TABLE 2 Variables’ settings and descriptions.

Variable name

Variable definition and assignment

10.3389/fenvs.2023.1150838

Standard
deviation

Expected
sign

Attitude to RSWM Do you fully support RSWM? 1 = yes; 0 = no 0.793 0.406

Behaviors to RSWM Do you strictly follow government’s requirements to clear waste? 1 = yes; 0 = no | 0.645 0.479

Satisfaction to government’s Tam pretty satisfied with the government’s work in RSWM. 1 = total not agree; 2=not = 4.000 1.169 +

RSWM jobs very agree; 3 = not sure; 4 = quite agree; 5 = totally agree

Government’s promotions of The government’s promotion of RSWM makes me more concerned about the RSW | 4.217 1.046 +

RSWM issue. 1 = totally not agree; 2 = not very agree; 3 = not sure; 4 = quite agree; 5 = totally
agree

Social norms All neighbors follow governments’ requirements to clear waste. 1 = totally not agree; | 3.924 1.119 +
2 = not very agree; 3 = not sure; 4 = quite agree; 5 = tota.lly agree

Local environment identity I am satisfied with the local environment and will not move to other places. 1 = totally = 4.069 0.656 +
not agree; 2 = not very agree; 3 = not sure; 4 = quite agree; 5 = totally agree

RSWC facilities There are reasonable waste collection facilities in my village. 1 = totally not agree; 2= | 3.895 1.156 +
not very agree; 3 = not sure; 4 = quite agree; 5 = totally agree

Environmental concern Environmental protection is not only the government’s responsibility but everyone’s. | 4.694 0.656 +
1 = totally not agree; 2 = not very agree; 3 = not sure; 4 = quite agree; 5 = totally agree

Gender Gender 1 = male; 2 = female 1.454 0.499 -

Age Age 1 < 20; 2 = 20-30; 3 = 31-40; 4 = 41-50; 5 = 51-60; 6 > 61 years old 3.543 1.734 -

Education Years of formal education 10.680 3.774 +

Family size Family member 1 < 4; 2 = 4; 3 = 5; 4 > family members 3.697 1.126 -

5 Empirical analysis

This section analyzes the survey data introduced above to
empirically understand the association between villagers™ attitudes
towards RSWM and their RSWC behaviors. Additionally, the
analysis exams the impact of villagers' satisfaction with the
government’s RSWM jobs, RSWC social norms, local environment
identity, RSWC facility situation, environmental concern, personal
characteristics, and family characteristics on the aforementioned factors.

5.1 Variables

Table 2 presents the variables used in the empirical analysis, with
the detail of variable settings and basic statistics results. Based on
previous RSWM literature and an understanding from field survey, the
study predicts the direction of impact on villagess RSWM attitudes and
RSWC behaviors. As our study focuses on government-relevant issues.
Half independent variables pertain to the governments.

5.2 Empirical model

This study employs logit regression to model the association
between the villager's RSWM attitudes and behaviors, and a series
of independent variables. Logit regression is commonly used when the
dependent variable is binary. In this study, villagers’ attitude towards
RSWM are measured by whether they fully support RSWM or not,
while their RSWC behaviors are measured by whether they strictly
follow the government’s RSWC rules to clear waste or not. The answer
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to these two options corresponds to the different situations and
attributes of each responding villager. Each villager’s RSWM attitude
and behavior are represented by a dummy variable, as shown below:

D = lif avillager fully supports RSWM )
"7 | 0if avillager does not fully support RSWM

D = lif avillager strictly follows RSWC rules @)
"7 | 0if avillager does not strictly follow RSWC rules

This study constructs a binary model based on theories and
practices to quantify the factors influence villagers’ RSWM attitudes
and RSWC behaviors.

In<1 fiP,-> —at ’Zﬁnxm. 3)

here the dependent variable p; represents the probability of fully
support RSWM or strictly follow RSWC rules. The intercept
parameter is denoted by «, while S represents a vector of

regression coefficients. Additionally, x,; represents a vector of n
independent variables (such as age or local environment identity).

6 Result and discussion

6.1 Factors influencing RSWM attitudes and
RSWC behaviors

This study conducted a logit analysis using Stata 12 to assess the
factors associated with the villagers’ RSWM attitudes and RSWC
behaviors. The result of the analysis are presented in Table 3.
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TABLE 3 Logit regression fitted model coefficients.
Variables

Coef. (Std. Err.)

Satisfaction to government’s RSWM jobs 0.465*** (0.160)

Logit model to RSWM attitude

10.3389/fenvs.2023.1150838

Logit model to RSWC behavior

Coef. (Std. Err.)

~0.125 (0.164)

Government’s promotions of RSWM —0.022 (0.179)

Social norms 0.009 (0.179)
local environment identity 0.079 (0.175)

RSWC facilities 0.258 (0.166)

0.228 (0.162)
—0.077 (0.166)
0.282* (0.162)

0.467*** (0.152)

Environmental concern 0.585** (0.235)

1.263** (0.279)

Gender 0.342 (0.334) 0.105 (0.299)
Age 0.008 (0.127) 0237 (0.117)
Education ~0.132** (0.057) ~0.087* (0.052)

Family size 0.057 (0.150)
RSWM attitude —

_cons —3.501** (1.619)

—0.269* (0.146)
1.487*** (0.298)

—7.329%*+ (1.723)

Note: *, **, *** represent significant differences at the 10%, 5%, and 1% levels, respectively; the values in parentheses are standard deviation.

The estimated coefficients of the logit model reveal that three of
the ten selected variables are statistically significant for RSWM
attitudes; while six of the ten are significant for RSWC behaviors.
The RSWM attitude significantly influences RSWC behaviors at the
1% level. Among the three significant influencing factors, positive
factors for villagers RSWM attitudes include being satisfied with the
government’s RSWM jobs and the environmental concern. Contrary
to the predictions, the education variable has a negative effect on
villagers’ RSWM attitudes. Regarding villagers’ RSWC behaviors,
positive factors include local environment identity, RSWC facilities,
environmental concern, and age, while negative factors are
education level and family size. The variables of age and
education are opposite to predictions. In summary, this study
supports Hla, H6a, H4b, H5b, H6b, and H7.

The coefficient of the variable “satisfaction to government’s
RSWM jobs” is positively and significantly associated with
villagers’ RSWM attitudes at the 1% level. This finding is
consistent with previous literature both in urban (Wan et al,
2015) and rural areas (Ma et al, 2020). A study in a rapidly
in Thailand that
spending on SWM (such as on-time waste

urbanizing area also found increased
government
collection), improves individuals’ waste clearing performance
(Yukaling et al, 2018). Conversely, a in Lebanon found that
insufficient government funding and effects are serious obstacles
to waste management and could even lead to a trash crisis (Ahad
et al,, 2020). In Ma et al.’s (2020) study, the government’s RSWM
policy instruments not only directly affect behaviors but also
indirectly affect them through individuals’ perceived value. The
study explain that in rural China, villagers’ consideration of
RSWM does not depend on personal feelings about the
environment, but rather on governmental policy. This is an
example of the ideal state of authoritarian management (Gilley,
2012). However, in our study, “satisfaction with government’s

RSWM jobs” is not statistically significant for villagers’ RSWC
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behaviors. This is a drawback of authoritarian, as insufficient
public participation may make it more difficult to implement
practical action. Other empirical studies also reveal a gap
between intention and behavior in waste management (Zhang
et al,, 2020; Zhou et al., 2023) and another possible reason is the
obstacles to follow RSWC rules at the execution level, such as
convenient facilities.

As for the local environment identity, the variable “being
satisfied with the local environment and not planning to move to
another place” has a positive and significant impact on villagers’
RSWC behaviors at the 10% level. This supports the finding from
Candelo et al. (2017) that individuals with higher levels of local
identity contribute more to local public goods. However, in
contrast to the findings of Hernandez, et al. (2010) and Pei
(2019), our study finds no significant effect of villagers™ local
environmental identity on their RSWM attitudes. One possible
reason for this discrepancy is the gap between pro-environmental
intention and support for detailed RSWM, which may be
explained by a lack of participation.

Reasonable RSWC facilities has a positive effect on villagers’
RSWC behaviors at the 1% level. When villagers perceive that they
have reasonable RSWC facilities, they are more likely to follow waste
disposal rules accurately. It is generally understood that better
RSWC facilities make it more convenient for villagers to
complete RSWC tasks. Researchers have explained that sufficient
bins, more funding, and more services demonstrate the
government’s strong political determination, which can increase
people’s willingness to follow RSWC rules (Yuka et al,, 2018; Ma
et al,, 2020). However, our study find no significant relationship
between reasonable facilities and villagers’ RSWM attitudes. One
possible explanation is that RSWC facilities are provided free of
charge by the government, but are not sought after or demanded by
villagers. Therefore, the sufficiency of RSWC facilities is not related
to their environmental attitudes.
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The variable of environmental concern has a positive and
significant effect on both villagers’ RSWM attitudes (at the 5%
level) and RSWC behaviors (at the 1% level). In our survey, the
environment concern variable refers to villagers’ subjective
judgment of their responsibility to the environment beyond the
idea that pro-environmental action are solely the responsibility of
the government. We find that villagers who are aware of their
personal responsibility to the environment, in addition to
governments’ responsibility, were more likely to fully support
RSWM and accurately follow RSWC rules. Public awareness is
an important factor that influences environmental behaviors
(Dhokhikah et al, 2015). Individuals feel proud when their
behaviors align with their moral concern, and guilty when they
do not (Onwezen et al.,, 2013).

The variable of age has a statistically significant effect on RSWC
behaviors at the 1% level. Wang et al. (2018) found out that young
people are more likely to participate in pro-environmental behaviors
because they are more receptive to pro-environmental information.
In contrast, a survey of RSWM across 12 provinces in China found
out that older respondents are more likely to pay for RSWM,
possible because they are more involved in RSWC works and
more concerned about RSWM quality (Zeng et al, 2016).
However, our study finds no significant correlation between age
and RSWM attitude. One possible explanation is that although the
older generation in rural China has less education and updated
information, they strongly trust the government, and are more
willing to follow governments guidelines than to act on their
attitudes. A
environmental behaviors is found in a Vietnamese case study

environmental similar explanation to pro-
(Nguyen et al, 2019), which shares cultural roots and political
history with China.

The education variable has a negative statistically significant
effect on RSWM attitudes at the 5% level and a negative effect on
RSWC behaviors at the 10% level, which is opposite to expectation.
We find that villagers who have received more formal education are
less likely to fully support RSWM and strictly follow RSWC rules.
This contradicts most literature, which suggests that people with
higher education levels are more positive toward pro-environment
behaviors. The common explanation is that education can improve
an individual’s environmental awareness (Song et al., 2016; Triguero
et al,, 2016). However, a survey in Guilin (Ma et al, 2018) and
another in Suzhou (Zhang et al., 2014) also found that there is a
significantly negative relationship between an individual’s education
level and pro-environmental intention. One possible explanation for
the negative effect of education on pro-environmental is that while
education can improve an individual’s environmental awareness, it
can also expose them to a bigger picture of environmental issues,
leading to less trust in governments and traditional bureaucratic
system. This is particularly relevant in China, which is currently
undergoing a rural-urban dual structure that creates significant
differences in social culture and economic opportunities between
rural and urban areas. Specifically, villagers who receive middle
school education are more likely to leave villages from towns, while
those who receive higher education tend to move to cities. In rural
China, educated villagers are more independent in decision-making,
while others are more likely to rely on government guidance.

The variable of family size has a significantly negative effect on
RSWC behaviors at the 10% level. This means that families with
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more members are less likely to strictly follow government RSWC
rules. This finding is consistent with previous studies (Kang et al.,
2018) and can be explained by the fact that larger families generate
more waste (Han et al., 2018), which creates higher pressure in waste
collection tasks. However, family size does not significantly affect
RSWM attitudes. One possible reason for this is that the
environmental attitudes are more personal and have less to do
with family size.

A positive and significant coefficient at the 1% level when
RSWM attitude was set as an independent variable and RSWC as
a dependent variable. This suggests that villagers who fully support
RSWM in attitude are more likely to strictly follow RSWC rules in
behavior. This finding is consistent with previous researches on
RSWM in China (Zhang et al,, 2015; Ma et al., 2018), and can be
explained by the theory of planned behavior (TPB), which posits
that an individual’s behavior is primarily determined by their
behavioral intention (Ajzen and Fishbein, 2005). TPB theory is
widely applied to pro-environmental behaviors research, and most
indicate that attitude plays the most significant role in the predicting
intention, which in turn positively affects behavior.

6.2 Moderating effect of government-
relevant factors

To further assess the government-relevant factors associated
with the villagers’ RSWC behaviors, we set variables of satisfaction
with government RSWM jobs, government promotions of RSWM,
and environmental concern as moderators. Table 4 presents the logit
analysis results with interactive items of moderators and variables of
villagers RSWM attitudes. Model 1 is the logit regression of
10 independent variables and villagers RSWC behaviors. In
Model 2, we added interactive items of the variable of
satisfaction with the government’s RSWM jobs and the RSWM
attitude to Model 1. In Model 3, we added interactive items of the
variable of government promotions of RSWM and the RSWM
attitude to Model 1. In Model 4, we added interactive items of
the variable of environmental concern and the RSWM attitude to
Model 1.

All three moderators have significantly positive moderating
effects on the relationship between villagers’ RSWM attitudes and
RSWC behaviors. The finding supports H8, H9, and H10.

The interactive item of RSWM attitudes and satisfaction with
the government’s RSWM jobs has a significantly positive effect on
villagers” RSWC behaviors at the 10% level. Specifically, villagers
who are more satisfied with the government’s RSWM are more likely
to exhibit a positive RSWM attitude towards practical RSWC
behaviors, that is, strictly following the government’s rules for
waste disposal. Additionally, the interactive item of RSWM
attitudes and the government’s promotions of RSWM also has a
significantly positive effect on villagers’ RSWC behaviors at the 10%
level. Villagers who agree more strongly that the government’s
promotions make them more concerned about RSW issues are
more likely to exhibit a positive RSWM attitude in personal
practice. Finally, the interactive item of RSWM attitudes and
environmental concern has a significantly positive effect on
villagers’ RSWC behaviors at the 5% level. Villagers who agree
more strongly that “environmental protection is not only
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TABLE 4 Logit regression fitted model coefficients of moderating effect.

Variables Model 1

Satisfaction to government’s RSWM jobs —0.125 (0.164)

10.3389/fenvs.2023.1150838

Model 2 Model 3 Model 4

~0.282 (0.186) —0.150 (0.163) ~0.163 (0.164)

Government’s promotions of RSWM 0.228 (0.162)

Social norms —0.077 (0.166)

0.226 (0.163) 0.092 (0.178) 0.227 (0.164)

~0.094 (0.168) ~0.090 (0.167) ~0.086 (0.168)

local environment identity 0.282% (0.162)

RSWC facilities 0.467*** (0.152)

Environmental concern 1.263*** (0.279)

0.279* (0.162) 0.268* (0.161) 0.271* (0.161)

0.449*** (0.153) 0.459*** (0.153) 0.454** (0.153)

1.211%** (0.279) 1.225%** (0.279) 1.093*** (0.288)

Gender 0.105 (0.299) 0.080 (0.301) 0.080 (0.301) 0.081 (0.301)
Age 0.237** (0.117) 0.236** (0.118) 0.243* (0.118) 0.242** (0.119)
Education —0.087* (0.052) —0.082% (0.053) -0.074 (0.053) -0.071 (0.053)

Family size —0.269* (0.146)
RSWM attitude * satisfaction to government’s RSWM jobs
RSWM attitude * government’s promotions of RSWM

RSWM attitude * environmental concern

_cons

~7.329%* (1.723)

~0.274* (0.147) ~0.287* (0.148) ~0.288* (0.148)
0.172* (0.097)
0.155% (0.087)

0.156"* (0.076)
-6.958 (1.732)

~6.913 (1.730) ~6.897 (1.738)

Note: *, **, *** represent significant differences at the 10%, 5%, and 1% levels, respectively; the values in parentheses are standard deviation.

government’s responsibility but everyone’s” are more likely to
exhibit a positive RSWM attitude towards RSWC behaviors.

7 Conclusion and limitation

Our study in Meizhou County, the poorest county in the richest
province (Guangdong) in China, provides insight into the RSWM
attitudes and behaviors among villagers in the context of
with
investment and new policies. The survey results shed light on the

authoritarian ~ environmental — governance significant
factors that influence Chinese villagers’ approach to environment
protection, which is a typical example of a public good led by
governments in the top-down linear path.

The study finds that almost 80% of villagers fully support RSWM,
and their positive attitude towards RSWM is a relatively persistent and
stable psychological construct that is only influenced by a few external
Governmentss RSWM  promotions, neighbors’ RSWC

behaviors, the satisfaction of the local environment, and RSWC

factors.

facilities have no statistical relevance to villagers’ RSWM attitudes.
Only three factors significantly affect villagers’ RSWM attitudes, two of
which are positively related to governments, including satisfaction with
government RSWM jobs and the belief that environmental protection is
not only government’s responsibility but everyone’s. Additionally, the
study finds a high positive correlation between RSWM attitudes and
RSWC behaviors. In summary, the government is a key positive factor
influencing villagers’s RSWM attitudes in China, leading to high
participation in RSWC. The study suggests that governments should
focus on making villagers satisfied with their RSWM jobs and
promoting the idea that the responsibility of RSWM belong to
everyone, not just the government.

Regarding RSWC behaviors, almost 65% of villagers claim to
strictly follow RSWC rules, and have more statistically significant
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influencing factors compared to RSWM attitudes. Interestingly,
satisfaction with governments’ RSWM jobs does not significantly
affect villagers RSWC behaviors, but
environment identity, RSWC facilities, environmental concern

factors including local

about responsibility, age, education, size do.
Therefore, villagerss RSWC behaviors

external factors, including satisfaction

and family
are not influenced by
of government RSWM
jobs, promotions, neighbors’ behaviors, but rather by personal
ideas and characteristics. The study suggests that there should be
less investment in RSWM promotions and more in RSWC facilities.

All three government-relevant variables have a significantly
positive moderating effect on the relationship between RSWM
attitudes and RSWC behaviors. In rural China, although
government-relevant factors do not directly affect villagers’
RSWC behaviors, they indirectly affect their RSWC behaviors by
shaping their RSWM attitudes. Specifically, the study finds that the
efficiency of government RSWM jobs leads to proper RSWC
behaviors among villagers.

The survey finds that, contrary to common understanding,
education has a negative impact on both RSWM attitudes and
RSWC behaviors among Chinese villagers. Additionally, there is
a significant gap in socioeconomic and social psychology between
rural and urban areas in China. Less-educated villagers, who are
typically older, tend to a strongly trust in the government, while
educated villagers who leave rural regions and have studying and
living experiences in urban regions, have broader horizons and their
own insights. The study suggests that the current government
RSWM policy is effective for a large percentage of villagers,
particularly the older generation who are regulated residents in
rural China. However, as time passes, governments should update
their RSWM policy measures to take the new generation into greater
consideration. Participatory governance can be one of the
optimization directions.
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This study limited by its used of data from only one county.
While Meizhou is an appropriate sample, further studies should
include more sample areas for comparative analysis. Additionally,
this survey relied on self-reports rather than direct observation to
measure respondents’ behaviors. These limitations will be addressed
in future studies.
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Abstract: Litchi is a traditional tree crop grown in Southern China. Sustainable development of the
litchi industry is reliant on technology adoption by farmers. The top grafting technique allows for
the introduction of new, quality litchi varieties. The fact that these new varieties ripen earlier or
later than the traditional ones helps stabilize litchi prices. Selling new litchi varieties can increase
farmers’ incomes through higher prices of quality varieties and stabilizing prices by staggering
the harvest periods. However, the rate of adoption of top grafting among farmers is low, and up
till now, more than half of the litchi trees in China are still traditional litchi varieties. This study
explores the factors that influence top grafting adoption by litchi farmers. Using primary data
gathered by the China Agriculture Research System of Litchi and Longan (CARSLL) from 567 litchi
farming households, a binary logit choice model is employed to determine the factors that influence
adoption of litchi top grafting among litchi farmers. The results show that farmers owning larger
litchi orchards are more likely to adopt top grafting compared to ones owning smaller orchards.
Litchi information accumulation, including experience and training, significantly influences farmers’
technology adoption levels. Moreover, a positive attitude toward technology also significantly
influences technology adoption behaviours.

Keywords: technology adoption; farmer behaviour; binary logit choice model; litchi; top grafting
technique; China P.R.

1. Introduction

Litchi (lychee) is a tropical fruit native to Southern China. Artificial cultivation of the fruit dates to
more than 2000 years ago. According to the China Agriculture Research System of Litchi and Longan
(CARSLL), currently, mainland China produces more than half of the world’s litchi supply, accounting
for over 60% of global litchi production. Litchi’s attractive appearance and unique flavour lend it
high commercial value. However, all litchis are extremely perishable. Their shelf-lives are only two
to four days in ordinary temperatures [1]. It means fresh litchi can only be sold to a relatively small
geographic scope. What is more, the harvest period for each litchi variety in a region is extremely
concentrated. Therefore, litchi farmers are eager to sell their harvest quickly because mature litchi
will perish within a few days, losing all commercial value. Following economic principles, a large
quantity of undifferentiated product supplied in a small market at the same time can only result in
low prices. In general, litchi bumper harvests cannot correspondingly reward litchi farmers. CARSLL
reported that suitable weather in 2018 led to the total litchi production in mainland China increasing
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by almost 50% over 2017. However, unfortunately, litchi farmers’ total income was even lower than in
2017 because of the collapsed price. Litchi farmers are in the dilemma between quantity and price.

Mixing varieties is a shortcut that helps farmers escape from this dilemma, because the harvest
periods are staggered. In addition, new litchi varieties can be sold at much higher prices than traditional
varieties in the market. According to CARSLL, the average orchard price of Nuomici (a late maturing,
high-quality litchi variety) over the last three years (2016-2018) was three times higher than Heiye
(a traditional litchi variety). Furthermore, it is fundamentally practical to adopt the variety changing
technique, considering the large amount of traditional litchi varieties in the market. As it is seen in
CARSLL, in 2017, two of the three most cultivated litchi varieties were traditional ones (Heiye and
Huaizhi), accounting for 45.7% of all litchi orchards in mainland China.

The most popular technique for changing the cultivated litchi variety is called top grafting, which
is assessed as the first priority litchi cultivation technique by Delphi method [2]. Compared to other
variety control technologies (such as hybridization), top grafting has the advantage of resource saving,
thanks to its short recovery period and the low uptake cost. Qin and He conducted an economic benefit
evaluation of litchi top grafting in China in a 20 ha orchard, called Xii Qizhi Orchard. Based on the
orchard’s average sales data from 2000-2004 and 2008-2014, the value of Xii Qizhi Orchard’s yield
increased 5.71 times after the top grafting technique was applied to change the varieties [3].

As different litchi varieties are ready for harvest at different times, it lengthens the period in which
litchi can be supplied to the market within a region. By increasing the varieties cultivated in an orchard,
a smoother supply is achieved. A stable litchi supply can lead to a relatively stable high price, and
higher quality litchi varieties can also garner higher prices. Therefore, the top grafting technique could
greatly increase the incomes of litchi farmers and lead to a sustainable development of the industry.

Even though the top grafting technique can significantly improve litchi farmers’ incomes and
increase the sustainability of the industry, the accumulated uptake rate for these technologies is not
very high (from CARSLL). Increasing the rate at which farmers adopt new techniques has become an
even more urgent and important issue than technology innovation in most counties [4]. The aim of
this study is to determine the factors that influence the adoption of litchi grafting by litchi farmers, and
correspondingly, to find out the ways to improve the adoption rate of litchi grafting so as to sustainably
develop the litchi industry.

Previous studies on agriculture technology adoption in China focused mostly on top-down
promotion, but relatively less focus on farmer adoption behaviours. Furthermore, the majority of the
literature on agriculture technology adoption behaviours worldwide have focused on grain crops
(beginning with Bryce’s very early research on corn in the U.S. [5]), but the studies specifically focusing
on tree crops are rare. Litchi is a typical commercial tree crop, and it has specific characteristics that
lead to unique farmer behaviours. For instance, tree crops must be grown for several years before they
are ready to harvest. In addition, tree crops generally have a higher, but more fluctuating, market price.

Today’s China is an interesting place to study farmer technology adoption behaviours. Firstly,
some farming households in China, just as in other developing countries, rely on agriculture for their
livelihoods. For these households, agricultural growth can be linked directly to poverty reduction.
However, they cannot bear the risks involved in trying new technology [6]. Moreover, for some
farming households, just as in other developed countries, most of the younger generation now
work in cities, leaving older family members to deal with the land. These older farmers may lack
knowledge of and ability to apply new techniques [7]. In comparison, young people who have a
proper education and the initiative to work in agriculture are called the New Farmers [8], and one of
the characteristics of these New Farmers is their eagerness to adopt new technologies. Lastly, Chinese
consumers, and the government, are beginning to put more and more emphasis on high-quality edible
agricultural products.

The aim of this study is to provide knowledge on the adoption of litchi top grafting by litchi
farmers through identifying the internal and external factors that influence the uptake. The results of
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this study can help policy makers understand potential drivers of and barriers to the adoption of top
grafting by litchi farmers.

2. Methodology and Data

2.1. Theoretical Model of Technology Adoption

According to the theory of behavioural economics, farmers facing the decision of whether to
adopt a new agricultural technique are assumed to be rational and to pursue maximum self-interest.
However, Simon put forward the bounded rationality theory that leads the decision making closer to
the real world. The theory of bounded rationality is based on the idea that individuals do not have
complete information and have cognitive limits, and thus, individuals are seeking for a ‘good enough’
decision, which Simon called a satisfactory decision [9].

A farmer’s decision to adopt a new technology is affected by the information gained as well
as his or her cognitive level and attitude about technology. Based on Rogers’ innovation diffusion
theory, the 5-step process by which a farmer adopts a new technology is as follows: the farmer gains
adoption knowledge, forms an attitude about the technology, makes a decision, implements it, and
confirms it [10]. Information on the agriculture technology is diffuse, both formally (such as training)
and informally (such as from neighbours). A farmer’s gaining of information is affected by his or her
ability to access information, such as his or her social capital. A farmer’s cognitive level is affected by
personal and family characteristics. Additionally, adoption behaviour is both a function of dynamic
technology diffusion and a psychological process from cognition to decision, which is affected by many
factors. The theory model for a litchi farmer’s technology adoption is formulated as follows.

D; = f(I;,C;, A;)
I; = f(Bi, Ei) O
Ci = f(Pi,Fi)

D; = f(B;, Ei, P, Fi,A;) = Bo + B1Bi + B2E; + B3P; + BaFi + BsA; + ¢

In the formulas, D stands for a farmer’s decision regarding technology adoption. I represents the
farmer’s information gain. C stands for the farmer’s cognition level. A represents the farmer’s attitude
about the technology. B represents the farmer’s ability to access information. E represents the farmer’s
accumulated experience with litchi farming. P represents the farmer’s personal characteristics, and F
stands for the farmer’s family characteristics. ¢ is the disturbance term that refers to the uncertainty
factors. Bo, B1, B2, B3, P4, and Bs are the impact coefficients, and i is the sample number.

2.2. Variable Design

From the theories and literature, the factors influencing farmer technology adoption behaviour
could include personal characteristics, family characteristics, technology information accessibility,
technology information accumulation, and technology attitude.

As to the personal characteristics, the number of years of formal education and the age have been
found to be significant predictors of technology adoption in many studies. These are the most common
indicators in innovation adoption research, and it has been found that younger and more educated
farmers are more likely to adopt new technologies [11,12].

In terms of family characteristics, many studies show that technology adopters tend to have more
land and earn a higher income percentage from that land. This indicates the ability to deal with the
farm and a stronger motivation to adopt new techniques [4,13]. However, some studies have found that
larger farm sizes and a higher percentage of family income coming from the farm have a negative or
insignificant effect on technology adoption. This is normally explained by their risk tolerance level [14].

In terms of technology information accessibility, better access to market and technology information
have a positive effect on the technology adoption level [14,15]. Having a relative or friend working
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in the market may make it easier for farmers to update price information and to sell out products,
and it is particularly important for perishable commercial products. Another information source
could be the mass media. Considering that the litchi technology information is a very specific topic,
little information on the subject is spread through TV and radio. However, smart mobile phones are
widely used in China, so litchi-related information can be gained through search engines. The WeChat
application, which is a social app with 10 billion users, is chosen as a variable to represent the ability to
access Internet information.

For technology information accumulation, attending a specific training is a direct approach to
gaining technology knowledge and reducing subjective uncertainty [16,17]. Years of farming experience
is another way to accumulate knowledge, which is to learn by working and gaining information from
informal mechanisms, such as other farmers [18]. Farmer experience is normally positively related to
technology adoption. However, some studies show that less experienced farmers are more open to
new technology, and, hence, are more likely to embrace new techniques [19].

The attitude about technology seems to be a behavioural factor behind technology adoption [20].
When a farmer has a high level of trust in technology, he or she is more likely to adopt new techniques.
On the other hand, a low level of trust in technology is a key limitation to technology adoption.

Regional specific contextual factors, such as non-agricultural opportunities, natural agricultural
resources, and policy support, will affect farmers’ technology-related decisions in each locality [13].
Accordingly, regional factors will influence technology adoption.

2.3. Empirical Model

There are only two choices—to use or not use—in most farmers’ technology adoption decisions.
Our field survey is carried out in 2018 by the CARSLL team. In the questionnaires, responding
farmers are asked whether they had used the top grafting technique. The answer to the two options
corresponds to the different situation and attributes of each responding farmer. The dependent variable
of the technology adoption function is a discrete variable, so a binary discrete choice model is chosen.
The binary logit choice model is popular in technology adoption research [21]. Therefore, each farmer’s
decision regarding adoption of the top grafting technique is represented by a dummy variable as below:
{ 1if a farmer adopts top grafting
i=9q . 4 )

0if a farmer does not adopt top grafting

To quantify the factors influencing farmer decisions on whether to adopt the top grafting technique,
the following binary model is constructed based on theories and practices:

ln(lﬁip,) = a+2ﬁnxm- 3)
! n=1

where dependent variable p; stands for the probability of technology adoption, a stands for the intercept
parameter, § stands for the vector of regression coefficients, and x,,; stands for a vector of n independent
variables (such as age and farm size).

2.4. Data Collection

2.4.1. Study Area

Litchi is a subtropical to tropical perennial fruit tree that needs an annual average temperature
of over 25 °C, over 1200 mm of precipitation, over 1700 h of sunshine, and a short period of low
temperatures (about 10 °C) to hasten blossoming. Therefore, the regions for litchi cultivation are
limited. According to CARSLL, worldwide, there are 32 countries and regions in which litchi are
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commercially cultivated, and the main areas of production are China, India, South Africa, Australia,
Mauritius, and Madagascar.

The CARSLL data indicates that there are six provinces in China in which litchi are harvested, and
the top two are Guangdong (province) and Guangxi (province). In 2018, the two provinces produced
1,581,600 tonnes and 986,300 tonnes of litchi, respectively, accounting for 52.23% and 32.57% of litchi
production in mainland China. Therefore, Guangdong and Guangxi were selected as the study area
(Figure 1) to discuss what factors influence a litchi farmer’s technology adoption in China.

Figure 1. Study area.

2.4.2. Sampling Method

A farming household survey was conducted by the CARSLL team in July and August of 2018.
The sampling method is probability proportionate to size.

First, all 16 Guangdong litchi technology demonstration counties (accounting for 73.74% of all
Guangdong litchi planting areas in 2017) were divided by litchi planting size into five groups: large
scale, large and medium scale, medium scale, medium and small scale, and small scale. One random
sample was picked in each group, resulting in five survey counties. The same sampling method
was applied in all 15 Guangxi litchi technology demonstration counties (accounting for 70.06% of all
Guangxi litchi planting areas in 2017), so five counties in Guangxi were selected as survey counties.
This resulted in a total of 10 survey counties.

Next, all towns in the 10 counties were divided by litchi planting size into three groups: large scale,
medium scale, and small scale. One town was randomly sampled in the large-scale and medium-scale
groups, respectively, in each country, resulting in 20 survey towns.

After that, all villages in the sample towns were divided by litchi planting size into three groups:
large scale, medium scale, and small scale. One village was randomly sampled in the large-scale and
medium-scale groups, respectively, in each town, resulting in 40 survey villages. Finally, 25 farmers
were randomly sampled from among all the litchi farmers in each survey village, and they were
selected as the survey interviewees. This resulted in 1000 farming household survey samples.

To ensure the accuracy and integrity of the survey, all questions in the questionnaire were asked
through face-to-face interviews. Similar to the situation in most other rural area in China today, most
young and middle-aged farmers were working in towns or cities, leaving old farmers to deal with
agriculture, and thus a large number of random sampling samples were not in the village in the survey
period. The total number of completed questionnaires was 584, so the response rate was 58.4%.

2.4.3. Respondent Profile

Through a data quality audit, the effective rate of the survey was found to be 97.09%. There were
251 questionnaires from Guangdong and 316 from Guangxi. As such, Guangxi accounted for 55.73% of
the effective survey samples. Table 1 illustrates the demographic characteristics of the survey samples.
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As seen in Table 1, the average age of the respondents was 58.01 years old. Nearly 90% of the farmers
were over 45 years old, and 47.90% were over 60 years old. Most of the farmers had a middle school
education, accounting for 61.90%, and very few had a higher education (1.77%). 36.33% farmers only
had a primary education, and most of them had not even completed that. In total, 39.51% respondents
had not received even one training. However, 66.84% of them had more than 20 years of litchi planting
experience, and only 11.99% respondents had less than 10 years of experience. The average experience
in litchi planting was 22 years. Among the sample, almost two thirds did not use WeChat (63.67%),
and 73.02% did not have a relative or friend working in litchi distribution. As to the litchi income as
a percentage of total family income, in the largest group (37.57%), litchi income accounted for less
than 25% of their total income. However, in the second largest group (31.75%), it accounted for more
than 75% of total income. The average litchi orchard size per household was 1.09 ha. However, more
than half the farmers (57.32%) had less than 0.7 ha of litchi; 28.21% had 0.7-2 ha, and 6.87% had
2-3.4 ha, with 7.58% farmers having more than 3.4 ha. The largest litchi cultivation area was 23 ha.
In terms of attitude about new litchi techniques, a little more than half of the respondents claimed
they would apply it when positive results appear, whereas 23.63% claimed that they would use it
immediately, and 25.04% would use it when most farmers have adopted it. In all the survey samples,
217 farmers (38.27%) had applied the top grafting technique to their litchi trees, while the other 350
(61.73%) had not.

Table 1. Basic sample characters.

N =567
Variables Value
Frequency Percentage (%)
<45 58 10.23
Age >45 and <60 24 42.68
>60 267 47.90
<6 primary school or below 206 36.33
Education level >6 and <12 middle school 351 61.90
>12 college or above 10 1.77
<0.7 ha 325 57.32
o . >0.7 ha and <2 ha 160 28.21
Litchi orchard size >2haand <34 ha 39 6.87
>34 ha 43 7.58
<25% 213 37.57
Percentage of family >25 and <50% 98 17.28
income from litchi >50 and <75% 76 13.40
>75% 180 31.75
Relatives or friends 1 have 153 26.98
selling litchi 0 none 414 73.02
L 1yes 206 36.33
Appl f h
pplication of WeChat 0o 361 63.67
Litchi training 1 had 343 60.49
experience 0 none 224 39.51
. o <10 years 68 11.99
EXperlf;‘rfteir?f litchi >10 and <20 years 120 21.17
planting >20 years 379 66.84
Attitude towards new 1 apply immediately 134 23.63
technique 2 apply when good results appear 291 51.32
3 apply when all others applied 142 25.04
. 1 Guangdong 251 44.27
R

egton 0 Guangxi 316 55.73
Application of top 1 had applied 217 38.27
grafting technique 2 not apply 350 61.73
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Table 2 presents the survey variable settings and the basic statistics results. Based on the previous
literature on farmer behaviour toward agriculture technology adoption, the direction of impact on
litchi farmers’ decision making in regard to top grafting is predicted.

Table 2. Variable settings and descriptions.

Variable Variable Definition and Assignment  Average St;:;::i:i Sign
Personal Characteristics
Age Years of age 58.01 10.72 -
Education level Years of formal education 8.20 3.10 +
Family characteristics

Litchi orchard size ha of total litchi orchard 1.09 40.96 +

Froporon of i e Fercntge o oul oy beomeggop gz
Ability to access information

Relatives olri 1:fcl;}ileinds selling No =0, Yes = 1 0.26 044 +

Application of WeChat No=0,Yes=1 0.36 0.48 -
Accumulation of information

Litchi training No=0,Yes=1 0.60 0.48 +

Years of litchi planting Years of planting litchi 21.60 9.85 +
Attitude towards technology

Attittﬁshtr(l)z)\{grds new apply ;izlg,glr(i)rgii;fﬁlsyapgéar =2, 2.08 0.38 -
8y apply when most others applied = 3

Region
Region Guangxi = 0, Guangdong = 1 0.44 0.49 -
Dependent variable
Application of top grafting No =0, Yes = 1 0.38 0.48

technique

2.5. Data Analysis

2.5.1. Top Grafting Application by Different Types of Farmers

Among all 567 survey samples, 217 had applied the top grafting technique, accounting for 38.27%.
According to the different types of farmers and top grafting application, a cross-linked table is generated

(Table 3).
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Table 3. Top grafting technique adoption behaviours of different types of farmers.

Number of Percentage of
Types of Farmers Number Farmers Applied Farmers Apply Top
Top Grafting Grafting Tech (%)
<45 58 18 31.03
Age >45 and <60 242 97 40.08
>60 267 102 38.20
<6 206 65 31.55
Education level >6 and <12 351 148 42.16
>12 10 4 40.00
<0.7 ha 325 107 32.92
Litchi orchard si >0.7 ha and <2 ha 160 66 41.25
N OTCRATESIZE >0 haand <3.4 ha 39 20 51.28
>3.4ha 43 24 55.81
f litchi <25% 213 73 34.27
Percentage o h?fhl >25% and <50% 98 41 4183
e LY 250% and <75% 76 37 48.68
o >75% 180 66 36.66
Relatives or friends Yes 153 66 43.14
selling litchi No 414 151 36.47
Application of Apply 206 80 38.83
WeChat Not apply 361 134 37.11
e Had 343 153 44.60
Litchi t
Heh trafhing None 224 64 2857
. o <10 68 21 30.88
EXpe“f:rffir?f ficchi 5 10 and <20 120 35 29.16
pranting >20 379 161 42.48
Apply immediately 134 69 51.49
Attitude towards /PPy when good 291 98 33.67
. results appear
new technique
Apply when all

others applied 142 20 .21
Region Guangdong 251 59 23.50
& Guangxi 316 158 50.00

The younger age group (<45 years old) had the lowest percentage (31.03%) of applying the top
grafting technique. The two other age groups had similar percentages, about 40%. This did not
conform to the expectation that younger farmers were more willing to apply the top grafting technique.
One possible reason could be that the new generation owns better quality varieties of litchi trees that
do not require the top grafting technique. As for the education level, 65 out of the 351 farmers with
less than a primary school education (18.52%) had applied the top grafting technique, which was
much lower than the average technology adoption level, 38.27%. The other two groups had a similar
adoption level; though, the farmers with a college level education had a slightly lower adoption level.
One possible reason was that the sample size was too small, as there were only 10 samples. Another
possible reason was that their litchi trees might be the better quality varieties.

According to the family characteristics, the group owning larger litchi orchards had a higher top
grafting technique application rate. More than half of the farmers had the total litchi orchard size of
less than 0.7 ha, but they had the lowest technique adoption rate at 32.92%. The figure for the 0.7-2 ha
group was 41.25% and that of the 2-3.4 ha group was 51.28%. The group with more than 3.4 ha was
55.81%. The rate shows a trend that larger farmers are more willing to apply the top grafting technique.
Another indicator of family characteristics was the percentage of litchi income in family total income.
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The biggest group, whose litchi income was less than 25% of total family income, had the lowest top
grafting technique uptake rate. When the percentage of litchi income goes from 25% to 50%, and then
to 75%, the technique uptake rate goes from 34.27% to 41.83%, and then to 48.68%. However, when
litchi income accounted for more than 75% of total family income, the top grafting uptake rate dropped
to 36.66%. The possible reasons for this upside-down U shape curve in the adoption rate are as follows.
When litchi income only takes a low percentage of the family income, there is low motivation to adopt
new technology. When a higher percentage of a family’s income comes from litchi cultivation, there is
stronger motivation for farmers to try new techniques to raise their litchi income. However, when
litchi income accounts for more than 75% of the total family income, the family has few other income
sources besides litchi. This group of farmers are more cautious to try new technology.

Concerning the ability to access information, 26.98% of the farmers had a relative or friend selling
litchi, and 36.33% were using WeChat. Farmers who had a relative or friend selling litchi enjoyed a
higher percentage of top grafting technique uptake at 43.14%, while the uptake percentage for the
others was 36.47%. A person with a job selling litchi is able to gain direct information on the local
litchi market. Those that know more about the litchi market are more likely to change from traditional
varieties to higher quality varieties. The top grafting rates were very slightly different between the
WeChat App group (38.83%) and the non-WeChat group (37.11%). This is possibly because there is still
little litchi information available on the Internet.

In terms of information accumulation, 44.60% of farmers who received litchi training had applied
the top grafting technique. Correspondingly, 28.57% of farmers who never had litchi training had
adopted the technique. The data shows the positive effect of training in technology adoption. Compared
with formal training, the number of years of litchi planting experience also showed a positive effect on
technology adoption. Farmers with less than 10 years litchi planting experience and 10-20 years of
experience had similar top grafting adoption rates—30.88% and 29.16%, respectively. However, 42.48%
of farmers with more than 20 years of experience had adopted the top grafting technique.

Attitude to technology is a socio-psychological factor that effects technology adoption behaviour.
The farmers, who claimed that they would apply a new technology once they learn it, had the highest
top grafting rate among all types of farmers at 51.49%. The application rate of the other groups,
including those who claimed they would apply the new technique when it shows good results and
those who would apply it only after most others had applied it, were 33.67% and 35.21%, respectively.
New technique application requires certain costs and has unpredictable risks. Therefore, the more
positive is the farmers’ attitude to new techniques, the more possible it would be for them to uptake
the top grafting technique.

Different regions have specific external environments that affect farmers. Half of the farmers
in Guangxi had adopted the top grafting technique, but the figure in Guangdong was only 23.5%.
Comparing the economic development of these two provinces, Guangdong is the number one province
in terms of GDP, while Guangxi was number 18 out of all 31 provinces in China. Farmers in Guangdong
have, comparatively, more opportunities other than litchi cultivation. On the other hand, Guangxi is
an agricultural province, and the fruit industry there has rapidly grown over the past decade. Guangxi
and Guangdong are at the same latitude, but in Guangxi, more resources are brought to the agricultural
industry, especially for fruits. Data from the Ministry of Agriculture of China showed that, in 2016,
the fruit production in Guangxi was 15 million tonnes, and that figure grew to 18 million in 2018.

2.5.2. Factors Influencing a Litchi Farmer’s Application of the Top Grafting Technique

A logit analysis was conducted using Stata 12, and the result is shown in Table 4. Based on the
field survey samples, the factors positively affecting the application of the top grafting technique
include education level, litchi orchard size, and relatives or friends selling litchi. The factors negatively
affecting the top grafting technique application include age, percentage of litchi income to family total
income, WeChat use, attitude to new technology, and region.
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The estimation results of the proportion of litchi income in family total income was the reverse
of our expectation. In terms of the different litchi income percentage groups, the rate of adoption of
the technique first rose and then fell. The group with a very high percentage (75%) of litchi income
in total income did not apply the top grafting technique, and a possible reason is that these families
rely so heavily on litchi income that they are unable to bear any risk. Financial support is a must for
technology adoption; thus, farmers who are struggling financially would have difficulty with any
innovation adoption [21-23].

Table 4. Impact of top grafting technique adoption by litchi farmers.

. Logit Model Marginal Effect
Variable coef. (Std. Ert)  coef. (Std. Err)
Ace -0.13005 —0.00036
& (0.01103) (0.00228)
Education level 0.06888 0.00522
ucation feve (0.03348) (0.00680)
0.00954 *** 0.00202 ***
Litchi orchard size (0.00268) (0.00066)
Percentage of litchi income to —0.00007 —0.00011
family total income (0.21017) (0.00055)
Relatives or friends selling litchi (8;21;32) (882522)
- —0.03830 —0.01743
Application of WeChat (0.00981) (0.04951)
N 0.52518 ** 0.11205 ***
Litch
itchi training (0.18600) (0.04132)
Experience of litchi planting 0(832505;35;* 0(8%6072%;;*
Attitude towards new technology _(ggg;gé; (_000%473;?;9)
region -1.19719 *** —0.24389 ***
& (0.20192) (0.03634)
cons —0.86060 -
- (0.91944) -

*, %, *** represent significant difference at the 10%, 5%, and 1% levels, respectively; the values in parentheses are
standard deviation.

3. Results

The results from the estimated coefficients and marginal effects of the logit model showed that
five of the 10 selected variables were significant at the 10% level.

The coefficient of the litchi orchard size variable was positive and statistically significant at the 1%
level for farmers adoption of top grafting. Similar results have been found in literature [4,24]; farmers
with larger sized farms are more likely to adopt new technology. The reasons for this may be as follows:
first of all, the larger farm size itself means more resources. Farmers who own and manage more
resources have a higher ability to learn and apply new technologies. Second, a large litchi orchard
size could bring in comparatively more income, which can cover the additional operating costs for
technology adoption [22]. Third, larger sized farms are more likely to have higher incomes, which
motivates farmers to adopt new technology to further improve outcomes.

As to information accumulation, both the litchi training variable and the variable of litchi planting
experience had a positive and significant impact on the adoption of the top grafting technique.
The litchi training variable showed a 5% significance sign in the adoption equation. This is consistent
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with the previous research findings, which have shown that training is an effective tool to improve
knowledge, especially in reducing subjective uncertainty about the technology [18,25]. Experience in
litchi planting significantly affected top grafting adoption behaviour at the 1% significance level. This
is consistent with the notion that farmers with more experience in agriculture are more likely to adopt
innovation [26].

The attitude toward technology significantly influenced litchi farmers” adoption of top grafting
techniques. The coefficient for technology attitude was negative and significant at the 10% level,
suggesting that the litchi farmers who were more eager to apply new technology were more likely
to apply the top grafting technique. This result supports the possibility that the attitude toward
technology leads to a practical technique uptake [14,27].

The regional factor significantly and negatively affects a litchi farmer’s adoption of the top grafting
technique at the 1% level. This means that litchi farmers from Guangxi are significantly more likely to
apply the top grafting technique than the farmers from Guangdong. The map (Figure 1) shows that
the two provinces are adjoined and fall along the same latitude. Both Guangdong and Guangxi are
the regions where litchi was originally cultivated, and are still producing the largest percentage of
litchi in the world. The difference between the two provinces was that the fruit industry, including
litchi, is a more important industry in Guangxi than Guangdong. Guangxi had the second largest fruit
production among all 31 Chinese provinces in 2018. A possible reason for this was that the Guangxi
government and farmers were more focused on the agriculture industry and paid more attention in
technology promotion and adoption.

4. Discussion and Conclusions

The large-scale survey on litchi farmers” adoption of technology provides a detailed understanding
of common barriers to adoption between adopters and non-adopters. The results of the survey provide
political insight and suggest that potential interventions should be encouraged.

In the literature, the main barriers to agriculture technology adoption are cost and risk. This
was confirmed in the survey, as larger litchi orchard farmers are more likely to adopt the top grafting
technique. Litchi is a kind of tree crop that is perennial for several decades. Smaller sized litchi farms
are more likely to belong to, or to have even been passed down from an older generation. These
farmers of small sized litchi orchards have no plan to invest in litchi cultivation; they just want to
maintain it without incurring any risk. Therefore, as to policy making, litchi technology promotion
should target on larger farms that are both willing and able to adopt new technology.

The study results also support the notion that an agriculture extension service is the key to better
technology adoption [28]. Most litchi training in China is organized by extension services that show
farmers how to apply the technique effectively and reduce uncertainty about the performance. In the
survey samples, the average experience of growing litchi was over 20 years, and this group had
the highest percentage of farmers accessing extension services. It suggests, in policy making, that
agriculture extension services should be promoted to improve litchi technology adoption.

The theory of planned behaviour is built on the assumption that an individual’s behaviours are
derived from his or her intention, which is primarily determined by attitude [29]. This is also supported
by the study, which finds that litchi farmers with a positive attitude toward technology are more likely
to adopt new technologies in practice. In terms of policy making, to build up litchi farmers’ positive
attitude toward technology is a long-term task, which is mainly about promotion and education.
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Market Perception, Pesticide Perception, and Application Behavior of Green
Pesticides: Based on Survey Data of Rice Farmers in 13 Cities of Guangdong
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(1. College of Nature Resources and Environment, South China Agriculture University, Guangzhou Guangdong 510642, China;
2. College of Public Administration, South China Agriculture University, Guangzhou Guangdong 510642, China;
3. College of Economics and Management, South China Agriculture University, Guangzhou Guangdong 510642, China)

Abstract: Green pesticide application is an important part of the green transformation of agricultural production in China,
which has a significant impact of food safety and ecological security. By using 1 106 rice farmers’ survey data in 13 cities
of Guangdong Province, green pesticide application behaviors is measured by three links of pesticide choice, pesticide
application, and properly pesticide waste disposal. Based on the analysis of Ordered Probit model, the study shows that
both market perception and pesticide perception are significantly influencing factors to green pesticide behavior, which
pesticide perception is a partial mediating effect of pesticide perception between market perception and green pesticide
behavior; Farmers’ perception of high quality high price has a significant influence on all the three green application links,
while pesticide perception also has significantly impact on pesticide choice and properly pesticide waste disposal except on
pesticide application. Therefore, in order to promote green pesticide application by farmers, it is necessary to build a high
quality high price agriculture product market, and further publicize pesticide related knowledge and information.

Key words: high quality high price; market perception; pesticide perception; pesticide application; green production
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Abstract: Concerns for human health and food safety are gaining momentum in emerging and developing nations
as well as in food research due to the reputations that products have established over time. Understanding cross-cul-
tural consumers’ purchasing behaviour for chicken meat (CM) could provide valuable insights into the global food
sector since it is the most consumed meat worldwide. This study examines the effect of buying features (BF), culture
factors, behavioural attitudes (BA), subjective norms (SN) and perceived behavioural control (BC) on CM actual pur-
chase behaviour (APB) in China and Sierra Leone. Primary data were sourced from 588 Chinese and 410 Sierra Leonean
participants. We adopt structural equation modelling (SEM) to verify the model and test the associations between the
variables. The SEM results confirm that BF, BA, SN and BC stimulate customers’ intent and actual purchase of CM
in both nations. The findings indicate that cultural factors (CF) significantly moderates the association between the in-
dependent constructs (BF, BA, SN and BC) and APB in Sierra Leonean markets. This study provides significant insights
for chicken industry stakeholders that can help them increase CM sales along the supply chain via a marketing strategy
focused on cultural and psychological factors.

Keywords: buying features; behavioural attitudes; chicken meat; cultural factors; consumer behaviour

Meat consumption has increased tremendously over ~ sumer concerns about safety and quality also surged
the past five decades, particularly in emerging and de-  due to intensified production (Escobedo del Bosque
veloping nations like China, and its consumption has et al. 2021). Chicken meat (CM) is more popular
surged 15-fold since 1961 (Giromini and Givens 2022).  in many African and Asian dishes (Awono-Bessa et al.
As demand for white meat (chicken) increased, con-  2008; Asante-Addo and Weible 2019) due to the advan-
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tages it has over other types of meat, including avail-
ability, affordability, being relatively less expensive and
preventing cardiovascular diseases and cancer (As-
ante-Addo and Weible 2020; Boimah and Weible 2021;
Lupoli et al. 2021). This study focuses on domestic and
imported high-quality CM. Domestic chickens were
raised in the two countries (China and Sierra Leone)
selected for this study. Concerning imported chicken,
China imports from countries like Brazil, the United
States, Thailand, Russia and Argentina, while Sierra
Leone sources chicken from the United States, Poland,
Brazil and the Netherlands.

In addition, changing consumer behaviour (CB)
from buying whole chicken to buying chicken cuts has
been attributed to increased CM consumption (Esc-
obedo del Bosque et al. 2021). The change in CB from
purchasing whole chicken to purchasing chicken cuts
has not been fully examined. Although chicken is the
second largest animal protein consumed in Sierra Leo-
ne, the factors influencing consumer purchase behav-
iour remain unknown. Several studies have examined
the influential factors of purchase behaviour for quality
food in China (Kantono et al. 2021; Budhathoki et al.
2022; Wang et al. 2022a). However, previous research
has not investigated consumer purchase behaviour in
a cross-cultural context. Despite the rise in chicken
consumption and rapid market expansion, the deter-
minants that affect chicken purchase behaviour remain
relatively unknown and are highly varied when com-
pared across nations. For instance, markets in devel-
oping countries are in varying phases of development,
making it crucial to advance research on the variations
in consumer purchase behaviour for CM, particularly
the variables that contribute to such variations. There-
fore, this study explores the antecedents — particularly
psychological factors and buying features (BF) — that
influence customers’ purchase behaviour of CM in two
distinct markets.

Interestingly, numerous updated studies focused
on purchase intention (PI) have explored the factors
that influence CB towards quality meat such as coun-
try of origin (Asante-Addo and Weible 2020), environ-
mental factors (Jiang and Kassoh 2022) and psychologi-
cal factors (Kantor and Kantor 2021; Kung et al. 2021;
Ling et al. 2021; Quevedo-Silva and Pereira 2022; Li
et al. 2023). However, studies that examined the impact
of psychological factors and BF on consumer purchase
behaviour for CM are at a rudimentary stage and have
largely focused on developed nations (Carfora et al.
2019; Ogorevc et al. 2020; Escobedo del Bosque et al.
2021; Roseira et al. 2022). In addition, few studies have
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examined meat purchase behaviour (de Araujo et al.
2022; Jiang and Kassoh 2022), leading to repeated rec-
ommendations for additional research to include actual
purchase behaviour (APB) in a cross-cultural context
(Roseira et al. 2022). Therefore, there is a quest to pro-
duce more research on the differences among consum-
ers and the factors influencing their APB for chicken
meat in two different nations. Despite several studies
regarding the attributes that influence individuals’ APB
for quality food products, exactly how these elements
influence customers seems to vary depending on the
region, as indicated by the diverse findings, and most
of these factors have been found to be inconsistent for
predicting CB towards meat (Ahmad and Zhang 2020;
Kumar et al. 2021; Munerah et al. 2021). Additionally,
the empirical literature on CB has emphasised impul-
sive purchases rather than examining buyers’ cognitive
evaluation (Rodrigues et al. 2021; Song et al. 2022).

It has been generally acknowledged that culture has
a significant effect on consumer APB (Afzal et al. 2019;
Doanh et al. 2021; Jeong and Lee 2021; Zong et al.
2023), and additional research on chicken consump-
tion would be helpful for the field (Roseira et al. 2022).
Acknowledging the relevant role of culture in food pur-
chase behaviour, Watanabe et al. (2019) emphasised
the scarcity of research with respect to Hofstede’s cul-
tural elements in food acquisition behaviour in a cross-
cultural context. However, few cross-cultural investi-
gations have examined the impact of culture on PI, and
many of these investigations have been concentrated
in developed nations (Djekic et al. 2021; Pena-Garcia
et al. 2020; Roseira et al. 2022). Furthermore, many
studies have suggested expanding the research beyond
developed nations (Iguisi 2018; Liu et al. 2020). Studies
have also suggested that cultural factors, particularly
uncertainty avoidance (UA), might have a strong posi-
tive effect on customers’ PI for CM (Jiang and Kassoh
2022), advocating the need for more cross-country re-
search between emerging and developing nations.

To bridge this gap in the empirical literature, this
study answers to the call for a deeper understanding
of consumer shopping intention and behaviour re-
garding CM in a cross-cultural context, as suggested
by Sreen et al. (2018), Ruangkanjanases et al. (2020),
and Jiang and Kassoh (2022). This study compares Chi-
nese and Sierra Leonean consumers’ PI and behaviour
towards CM, which varies based on UA and other cul-
tural dimensions. The investigation expands the theory
of planned behaviour (TPB) framework to evaluate
the degree to which one of Hofstede’s cultural dimen-
sions (UA) moderates the impact of BE, behaviour at-
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titudes (BA), subjective norms (SN) and perceived
behavioural control (BC) on consumer intention and
behaviour towards CM. Finally, the study examines the
effect of BF, BA, SN and BC on the intention to pur-
chase CM. Based on the research gap, this study seeks
to answer the following research questions: How does
UA influence chicken meat PI and APB among Chinese
and Sierra Leonean consumers? Does UA significantly
moderate selected independent constructs and APB?
Are differences evident in the impact of SN, BF, BA and
BC on APB between the study markets?

The rationale for selecting Chinese and Sierra Leo-
nean consumers for this study is that broilers have
an extremely significant and dominant role in food
consumption demand in both countries, and both
countries have similar preferences and behaviours to-
wards meat consumption and some common cultural
dimensions. Another significant reason for select-
ing these countries is the differences between them
in perceived broiler quality and other cultural factors,
particularly Hofstede’s uncertainty avoidance cultural
dimension. Chicken meat consumption has surged
in emerging and developing countries, indicating the
necessity to conduct research on the significant con-
siderations that might influence PI and behaviour for
CM. Second, both countries have different cultures
with an extensive array of customers’ preferences to-
wards chicken. Despite the fact that the two nations
are situated on different continents (Africa vs. Asia),
which widens the potential cultural gap between them,
we anticipate that the model will not be invariant given
the pre-existing differences that have been previously
established. This distinction may be significant because
purchasing power appears to affect the choice of meat.
Chinese and Sierra Leonean consumers have differ-
ent profiles and preferences regarding food safety at-
titudes and behaviours. Exploring the dynamics that
affect chicken APB in emerging and low-income de-
veloping nations could provide insights for stakehold-
ers in chicken markets and a clearer comprehension
of the chicken markets. The findings could also serve
as the basis for advancing chicken trading in the meat
industry to develop effective strategies for developing
the chicken market in Sierra Leone and improve the
existing market in China.

Theoretical framework

In nutritional psychology and food safety studies,
the TPB has been the primary framework used to in-
vestigate food purchase behaviour (Nguyen et al. 2021;
Jiang and Kassoh 2022; Mai et al. 2023); therefore, this

study employs a TPB model to explore Chinese and
Sierra Leonean consumers’ CM APB. The TPB model
is a modified variant of the theory of reasoned action
(TRA) (Ajzen 1991) that predicts consumers’ APB
by incorporating perceived BC (PBC) into the TRA.
The TPB model employs three major elements (SN,
BA and PBC) to predict consumer PI and APB (Ajzen
1991). The TPB framework has been extensively used
to explain consumer PI and behaviour in various con-
texts, including meat purchases. For example, Shen
and Chen (2020) and Chang and Chen (2022) adopted
the TPB framework, and their findings revealed that
SN, PBC and BA strongly influence Taiwanese PI for
meat. In the same vein, studies on purchases in China
also indicated that a person’s attitude, SN, PBC and BF
significantly affect customers’” APB (Song et al. 2017;
Ruangkanjanases et al. 2020; Jiang and Wu 2022).
According to Ajzen (1991), the most significant ele-
ment in predicting CB is PI. The association between
behavioural intention and individual behaviour is used
together to examine consumer buying behaviour. The
TPB framework indicates that an individual’s behav-
ioural intentions are influenced by three main compo-
nents of BA, SN and PBC. We extend the TPB model
by integrating BF and cultural factors into the TPB
construct to predict consumer PI and APB for CM
in the sample markets. This study also incorporates UA
into the conceptual model to examine this construct
and effectively moderates the link between TPB’s vari-
ables (BA, BE, SN and BC) and PI and APB regarding
CM. The research paradigm is illustrated in Figure 1.

Hypotheses development

The link between purchase intention and actual
purchase behaviour. One of the principal objectives
of the TPB is to emphasise that individual behaviour
is predominantly determined by intention, which
holds true for customer purchases of CM. Intention
is defined as a person’s promptness to engage in the
intended behaviour. Numerous CB studies, including
those concerning meat purchases, have assumed the
underlying premise that PI statistically influences APB
(Jiang and Kassoh 2022; Roseira et al. 2022). A limited
number of studies have focused on individual APB
related to meat purchase; however, such studies have
typically concluded that PI is a key predictor of meat
APB (Shen and Chen 2020; Chang and Chen 2022).
Consumers’ PI positively influences APB (Carfora et al.
2019; Ogorevc et al. 2020; Jiang and Kassoh 2022; Ro-
seira et al. 2022) and is a major indicator used by mar-
keting managers to predict upcoming sales (Chang and
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Purchase
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Figure 1. Conceptual model

Source: Authors's own elaboration

Chen 2022). Referencing the TPB model and previous

empirical literature, we anticipated that the stronger

consumer intention towards acquiring CM, the more

likely the consumer will successfully acquire it. There-

fore, we propose the following hypothesis:

H,: Individual intention to purchase CM favourably in-
fluences actual purchase behaviour.

The relationship between buying features and pur-
chase intention. Buying features include sensory, col-
our, appearance, taste and tenderness considerations
that are influential factors of PI (Kung et al. 2021; Yang
2021). PI can be influenced by BFs such as product at-
tributes, personal characteristics, health, safety and
social factors, and related impulses positively affect
CB. Therefore, we incorporate BF into the TPB model
as an influential construct of chicken meat APB. The
link between BF and PI has been examined from di-
verse perspectives, including cognitive and psychologi-
cal perspectives, rational processes and the outcome
of advertising food quality attributes on individual
CB (Sreen et al. 2018; Afzal et al. 2019). For instance,
production processing attributes and intrinsic and ex-
trinsic factors positively influence individual shopping
decisions (Cozzio et al. 2020; Kumar et al. 2021; Javeed
et al. 2022). In the context of chicken meat, BF is a vital
component in PI and APB; hence, this study proposes
the following hypotheses:

H, : Buying features positively influence consumer
purchase intention towards CM.
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H,,: Purchase intention positively mediates the link
between buying features and actual CM purchase
behaviour.

The link between behavioural attitude and purchase
intention for CM. A positive BA towards CM is a pri-
mary premise that drives chicken meat PI (Ajzen 1991;
Kamboj et al. 2023). According to the TPB, consumers’
attitude is an essential component of behavioural inten-
tion, and a stronger BA indicates a stronger intention to-
wards APB (Mai et al. 2023). Previous empirical research
has demonstrated that BA positively influences PI and
APB (Ruangkanjanases et al. 2020; Igbal et al. 2021; Ling
etal. 2021; Nguyen et al. 2021; Assefa et al. 2023). Hence,
we propose the following hypotheses:

H, : Attitude strongly influences chicken purchase in-
tentions.

H,,: Individual intention to buy chicken positively me-
diates behavioural attitude and actual buying be-
haviour.

The association between subjective norms and
purchase intention for CM. Since individual attitudes
alone cannot elucidate PI, SNs are important anteced-
ents of intention in the TPB that influence a person’s
decision to execute a behaviour (Jiang and Wu 2022).
The concept of social pressure towards behavioural in-
tention for quality food purchases refers to perceived
social pressure from trusted individuals that influences
others to perform a specific behaviour (Ajzen 1991;
Ling et al. 2021; Nguyen et al. 2021). SN is a crucial fac-
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tor in determining society’s influence on behavioural

intentions. Previous studies have ascertained that SNs

greatly influence PI for food products (Asif et al. 2018;

Zayed et al. 2022; Kamboj et al. 2023). Based on the

aforementioned literature, this study proposes the fol-

lowing hypotheses:

H, : Subjective norms have a positive impact on CM
purchase intention.

H,,: Consumers’ intention significantly mediates the
link between subjective norms and actual purchase
behaviour.

The association between behavioural control and
purchase intention for CM. Ajzen (1991) defined
PBC as an individual’s perceived capability to control
certain behaviours, indicating the perceived difficulty
of declining the invitation to participate in an action.
Ajzen (1991) asserted that when an individual pur-
chases food, their behaviour is motivated by inten-
tions, which are influenced by beliefs, attitudes about
the person’s perceived control, product attributes
and the decisions of others whose opinions they con-
sider to be influential. Several studies on food purchase
behaviour have argued that the correlation between
the intention to execute a specific behaviour and BC
significantly influences behaviour (Shahriari et al.
2019; Doanh et al. 2021; Zayed et al. 2022). Research
has demonstrated that food safety concerns alter con-
sumers’ eating behaviour in relation to quality, which
is a key attribute that positively affects consumer food
preferences (Sreen et al. 2018; Ling et al. 2021). In this
study, BC refers to the consumer’s perception of CM
quality, which influences PI. Hence, the study proposes
the following hypotheses:

H_ : Behavioural control affects consumer intention
to purchase CM.

H_,: Purchase intention towards CM mediates the link
between behavioural control and actual purchase
behaviour.

The role of cultural dimensions. Culture is a crucial
element for understanding CB. Hofstede (2001) de-
scribed culture as ‘the collective programming of the
mind that differentiates members of one class of persons
from other groups’ As such, individuals associated with
various nations can carry distinct opinions and attitudes
regarding the same topic. It has been argued that cultur-
al elements statistically influence how individuals feel,
think, believe and behave. In other words, culture mod-
erates how people perceive their environment and estab-
lishes social norms, which influences subsequent behav-
iours (Sreen et al. 2018; Roseira et al. 2022; Wang et al.
2022b). Cultural moderators may also change the asso-

ciation between PI and APB. We postulate that cultural
factors may help to explain conflicting results regarding
the chicken meat PI and APB relationship and advance
our knowledge regarding the intention—behaviour gap.
Therefore, we investigate the role of the UA cultural di-
mension as an essential moderator of PI and APB in the
domain of chicken meat PI and APB. Comprehending
the effect of culture is significant for advancing foreign
trade, particularly regarding meat, because intrinsic and
extrinsic information on meat positively motivates con-
sumers’ chicken meat PL

Hofstede’s culture framework is one of the most
common theories applied in cross-cultural studies
in various domains such as psychology, marketing, ag-
riculture, economics and management (Jiang and Kas-
soh 2022; Matharu et al. 2023), and we employed the
concept of UA in this research. Hofstede (2001) pro-
posed six cultural dimensions for examining cultural
differences. Table 1 presents the scores of Hofstede’s
cultural dimensions between the selected countries.

Based on the number of dimensions suggested
by Hofstede, UA (the degree of stress in a community
in the midst of an unpredictable future) is assumed
to be among the most influential dimensions of con-
sumers’ intention and behaviour (Sohaib et al. 2019;
Matharu et al. 2023). UA gauges the level of anxiety
people experience when they feel threatened by ambi-
guity due to insufficient knowledge. High UA countries
strive to minimise the occurrence of unstructured cir-
cumstances through establishing stringent behavioural
standards, regulations and procedures, whereas low
UA countries tend to foster greater flexibility, openness
to change and new ideas and fewer laws and regulations.

UA has been used in previous studies in developed
countries to analyse consumers’ PI for quality food
products, and UA has been demonstrated to exert
a significant influence on PI (Sohaib et al. 2019; Ma-

Table 1. Hofstede cultural dimensions‘ comparison
between China and Sierra Leone

Dimensions China  Sierra Leone
Femininity and masculinity 66 40
Uncertainty avoidance 30 50
Collectivism and individualism 20 20
Lo‘ng—te.rm and short-term 87 B
orientation

Power distance 80 70
Indulgence / restraint 24 -

Source: Hofstede (2001)
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tharu et al. 2023). Consumers from low UA nations

like China, as opposed to high UA countries like Sierra

Leone, accept uncertainty more easily, have good am-

biguity management skills and are highly risk-tolerant

(Hofstede 2001; Matharu et al. 2023). Furthermore,

they are more inclined to search for innovative solu-

tions. In the meat industry, choosing quality chicken
production with information as a BF may be consid-
ered creative behaviour. For instance, chicken with in-
formation BF might reduce consumers’ doubts regard-
ing quality and safety. Consumers may feel that CM
with a BF label is of better quality compared with meat
that is not labelled. In this regard, this study proposes
the following hypotheses to examine the link between

UA and PI for CM in the study countries:

H, : Uncertainty avoidance significantly moderates the
link between purchase intention and actual pur-
chase behaviour; as such, high uncertainty avoid-
ance will support a favourable association between
purchase intention and actual purchase behaviour,
while low uncertainty avoidance will diminish the
association between uncertainty avoidance.

H,,: Uncertainty avoidance significantly moderates the
link between buying features and purchase inten-
tion; as such, high uncertainty avoidance will sup-
port the favourable association between buying
features and purchase intention, whereas low un-
certainty avoidance will diminish the associations
between buying features and purchase intention.

H_: Uncertainty avoidance significantly moderates the
link between behavioural attitudes and purchase
intention, such that high uncertainty avoidance sup-
ports the favourable association between behaviour-
al attitudes and purchase intention, while low uncer-
tainty avoidance diminishes the association between
behavioural attitudes and purchase intention.

H, ; Uncertainty avoidance significantly moderates the
link between social norms and purchase intention,
such that high uncertainty avoidance supports the
favourable association between social norms and
purchase intention, and low UA will diminish the
association between social norms and purchase in-
tention.

H_: Uncertainty avoidance significantly moderates the
link between behavioural control and purchase
intention, such that high uncertainty avoidance
supports the favourable association between be-
havioural control and purchase intention, and low
uncertainty avoidance would likely diminish the
link between behavioural control and purchase
intention.
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MATERIAL AND METHODS

This study applied a quantitative technique to statis-
tically test how UA moderated the impact of BF, BA,
SN and BC on PI and APB for CM in China and Si-
erra Leone. We used descriptive statistics to analyse
the participants’ socio-economic profiles. The validity
and reliability of the variables were thoroughly evalu-
ated to ensure applicability. Finally, structural equation
modelling (SEM) was used to determine the effects
of the constructs. SEM is a statistical method that uses
component analysis and multiple regressions to ana-
lyse the structural relationships between measured and
latent constructs.

Questionnaire development and pre-testing.
We designed the questionnaire based on a thorough
review of previous empirical studies. The survey tool
included two sections. The first section included ques-
tions related to participants’ socio-economic profile,
and the second section covered questions regarding
the variables’ measurement scale items. We adopted
and modified at least three items from each construct.
Details about the constructs and items are presented
in Table 2.

All the measurement items used a five-point Likert
scale ranging from 1 = completely disagree to 5 = com-
pletely agree. We pre-tested the tool among the stu-
dents in China to assess the questionnaire’s content and
usability. The survey tool was administered in Manda-
rin for Chinese buyers and English for Sierra Leonean
consumers.

Construct measurement. The evaluation scale ref-
erenced previous studies to produce our survey tool for
data collection using existing validated measures. De-
tailed descriptions of the measurement scales and their
sources are as follows. We employed five items from
Kung et al. (2021) and Javeed et al. (2022) to examine
BF and three items to measure BA (Mai et al. 2023;
Kamboj et al. 2023). We used three elements from
Chang and Chen (2022) and Mai et al. (2023) to mea-
sure SN, four items from Song et al. (2017) and Shen
and Chen (2020) to examine BC, and evaluated PI us-
ing three elements from Ruangkanjanases et al. (2020)
and Wang et al. (2022a). UA was measured using four
items from Matharu et al. (2023) and Jiang and Kassoh
(2022), and we used four elements from Roseira et al.
(2022) and Asif et al. (2018) to measure APB.

Sample and data collection procedures. This study
employed non-probability (convenience and snowball)
sampling strategies. The study was conducted in urban
locales that were the major consumers of high-quality
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Table 2. Constructs and their measurement items

Construct Symbol Description of items
BF1 I pay attention to the freshness when buying chicken
BFR2 I pay attention to chicken's health when buying.
Buying features BF3 I considered chicken that are free from chemical additives, antibiotics, and pesticides.
BF4 I pay attention to the traceability information when buying chicken.
BF5 I pay attention to the place of origin when buying chicken.
BA1 I think it is worth buying a chicken with traceable quality information.
f&iﬁggural BA2 I think it is worth buying a chicken with humanized standard animal rearing.
BA3 I think it is worth buying a chicken with a place of origin brand.
SN1 My family and colleagues give greater attention to the chicken with a place of origin brand.
Subjective norms SN2 My relatives and colleagues consider the chicken with industrialized and intelligent raised.
SN3 My family and colleagues pay more attention to the chicken with traceable quality information.
BC1 I think it is easy to buy chicken with traceability information.
Behavioural BC2 It is important and easy to buy products.
control BC3 I am interested in knowing more about my health status before buying chicken.
BC4 If I want to buy a chicken with a local brand, I can find where to buy it.
rn For the following 12 months, I want to buy the chicken with place of origin information.
D For the upcoming 12 months, I want to buy chicken with traceable, safety, and quality
P urchfase information label.
intention
I3 For the following 6 months, I am willing to purchase chicken with industrialized and
intelligent raising.
Cr1 Before I make a purchase, I thoroughly investigate the chicken.
Cultural factors P Life is so uncertain that one must cont{nuously be on the alert so as not to be caught
at a disadvantage.
CF3 It is essential to consider dissenting views when making personal and social decisions.
APBI I have frequently purchased chicken with the place of origin brand during the previous
12 months.
Actual purchase APB2 During the previous 12 months, I have often bought chicken with humanized standard animal
behavior rearing.
APB3  During the previous 12 months, I have often bought chicken with traceable quality information.
APB4 During the previous 12 months, I have often bought the chicken that are healthier.

Source: Song et al. (2017), Asif et al. (2018), Ruangkanjanases et al. (2020), Shen and Chen (2020), Kung et al. (2021),
Chang and Chen (2022), Javeed et al. (2022), Jiang and Kassoh (2022), Roseira et al. (2022), Kamboj et al. (2023), Mai

et al. (2023), Matharu et al. (2023)

meat based on residents’ economic status that also
represented various culture and consumption habits.
The countries were selected based on surges in chicken
consumption, preferences and cultural variations. The
survey was conducted from December 2021 to Janu-
ary 2022, targeting meat consumers who were at least
18 years of age and had been involved in shopping or ex-
pressed a desire to buy CM. The study focused on high-
quality (domestic and imported) CM that was free from
antibiotics and chemical additive residue, for which en-

vironmental and ethical issues were considered during
production, processing and distribution processes.

The questionnaire was administered via social media
platforms such as Facebook, WeChat and WhatsApp.
The respondents were fully informed about the research,
and their participation was voluntary. Finally, 588 and
410 completed questionnaires were received from Chi-
nese and Sierra Leonean consumers, respectively.

Statistical analysis. A two-stage maximum likeli-
hood analysis was conducted using SPSS Amos 23, ref-
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erencing Hair et al. (2019). Confirmatory factor analy-
sis (CFA) was employed in the first stage to evaluate
the model’s reliability and validity. A convergent valid-
ity test was computed and verified using average vari-
ance expected (AVE). When the computed AVE value
was higher than the threshold (0.5), we could conclude
that a construct met the convergent validity criteria
(Byrne 2016; Hair et al. 2019). Similarly, when the com-
puted value of factor loading was at least 0.5, which
was the benchmark, we could conclude that the con-
struct was a reliable and valid predictor (Byrne 2016).
Discriminant validity also verified that the AVE values
were higher than the squared correlation across all the
selected variables of the measurement model (Fornell
and Larcker 1981; Hair et al., 2019). We used the inter-
nal consistency of each construct, the computed value
of Cronbach’s alpha (a) and composite reliability (CR)
as indicators. Cronbach’s a was used to measure the
internal consistency of each construct, which is con-
firmed when the estimated value is at least 0.7; the
minimum threshold value recommended by Hair et al.
(2019) and Sarstedt et al. (2020).

In the second stage, we applied the SEM to verify the
relationships between all variables by estimating re-
gression paths. The suggested hypotheses were verified
using the SEM, which also addressed possible multi-
collinearity among explanatory variables (Zong et al.
2023). The goodness of fit of the measurement and
structural model were evaluated using the chi-squared
difference (x* / df), wherein the maximum accepted
threshold value should be 5 at most (Roseira et al.
2022). The Tucker—Lewis index (7LI), the adjusted
goodness of fit index (AGFI), the goodness of fit index
(GFI) and the comparative fit index (CFI) were also
computed to examine the SEM fit, and the accepted
benchmark was > 0.9. We also estimated AGFI, and its
accepted threshold was > 0.8. Finally, we computed the
R-squared (R?) of the two samples.

Table 3 presents the statistical analysis of interview-
ees’ demographic characteristics. The result indicates
a relatively similar ratio of men to women in the two
sample markets; 51.29% of the Chinese interviewees
were women, and 48.71% were men. In Sierra Leone,
54.65% were women and 45.35% were men. The find-
ings also indicated that 73.33% and 75.21% of the Chi-
nese and Sierra Leonean participants fell within the
26-55 age group, which is also referred to as young
adults. This class has also been referred to as the main
driving force behind buying quality meat.

In terms of education, the respondents in both coun-
tries had a similar percentage for all five categories,
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Table 3. Socioeconomic profile of the participants

. China Sierra Leone
Variables Category %) %)
Total participants 588 410

man 48.71 45.35
Sex
woman 51.29 54.65
<25 14.25 13.62
26-35 47.24 49.86
Age
36-55 26.09 25.35
> 56 12.42 11.17
at most high 173 4.82
school
. technical /
EduFatlonal level . tional 2.78 12.85
attainment
bachelor’s degree ~ 31.93 35.62
master’s degree 46.83 37.47
doctoral degree 16.73 9.24
500-600 6.52 28.73
My famil 601-1 000 8.70 34.92
Monthly family
income (USD) 1001-1 500 9.24 17.65
1501-2 000 38.58 10.24
> 2000 36.96 8.46

Source: Authors's own elaboration

which is favourable for cross-cultural analysis. Ac-
cording to our findings, 75.54% of the Chinese sample
(444 Chinese respondents) had household monthly
earnings of USD 1 501 to USD 2 000 or more, reflect-
ing the average income range for Chinese families.
Conversely, 261 respondents had a monthly revenue
of USD 500 to USD 1 000, representing 63.65% of the
sample from Sierra Leone, reflecting the average in-
come of middle-income earners.

RESULTS

CM purchase frequency in China and Sierra Leone

Figure 2 presents responses to the question: How
many times do you normally buy CM for the year?
The results indicated that the majority of Chinese
participants purchased CM once a week (35.79%),
followed by twice a week (28.6%). Only 3.24% of Chi-
nese consumers indicated that they purchased chicken
once a year. In Sierra Leone, most of the respondents
purchased chicken twice a week (54.04%), followed
by once a week (31.39%) and only (1.95%) purchased
chicken once a year.
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The results in Figure 3 indicate the major markets
from which our respondents purchased CM. About
38.54% of the Chinese respondents purchased CM
from supermarkets, followed by small grocery stores
(32.5%) and daily retail markets (21.74%). In Sierra Le-
one, about 49.2% of the respondents bought CM from
daily retail markets, followed by cold stores (23.36%)
and farm gate markets (13.2%). These were the major
markets for chicken in Sierra Leone.

Measurement model for reliability and validity
analysis

The initial steps of the research centred on evalu-
ating the internal consistency and reliability of the
selected variables. All the constructs were evaluated
using Cronbach’s «, factor loading, CR and AVE. Ta-
ble 4 presents the results of the factor loadings for the

B China

50 —

40 —

30 —

Percentage

20 —

10 —

daily retail
market

supermarket

farm gate
market

Purchasing market

...

every two

EE Sierra Leone

Figure 2. Frequency of pur-

once a month once ayear .
Y chase of chicken meat

Source: Authors's own elab-
oration

two countries, which ranged from 0.831 to 0.911 and
were above the recommended threshold (0.5). Simi-
larly, all the computed CR and Cronbach’s a values
for the two sample markets were also greater than the
minimum accepted benchmark (0.7), suggesting that
the measurement scale was a good fit and reliable.
Furthermore, the computed AVE values for each con-
struct were higher than the threshold values, imply-
ing that the convergent validity is satisfactory (Fornell
and Larcker 1981; Hair et al. 2017). Figures 4A and 4B
illustrate the measurement models for China and Si-
erra Leone.

Confirmatory factor analysis and impact fac-
tor results. To verify the model, we computed CFA
for the total sample using SPSS Amos 23. The model
fit showed acceptable values for the primary indica-
tors of the Chinese sample, including x* = 307.62,

I Sierra Leone

Figure 3. Major markets

cold store small grocery

stores of purchasing chicken meat

Source: Authors's own elab-
oration
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Table 4. The psychometric properties of the measurement items

Chinese sample

Sierra Leonean sample

Construct Item
FL o CR  AVE LP o CR AVE
BF1 0.883 0.849
BF2 0.910 0.863
Buying feature BF3 0.883 0932 0940 0.798 0.831 0.862 0908  0.729
BF4 0.901 0.874
BF5 0.889 0.852
BA1 0.873 0.904
Behavioural attitude BA2 0.882 0.864 0.898 0.788 0.911 0.886 0904  0.797
BA3 0.908 0.863
SN1 0.893 0.884
Subjective norms SN2 0.912 0907 0915 0815 0.913 0.873  0.895 0.784
SN3 0.903 0.859
BC1 0.911 0.893
Behavioural control e 0902 0.862 0920 0.786 0874 0.872  0.895  0.742
BC3 0.863 0.882
BC4 0.869 0.793
PIl 0.902 0.902
Purchase intention PR 0.884 0.868  0.893  0.781 0.910 0.853  0.894  0.782
PI3 0.864 0.839
CF1 0.869 0.873
Uncertainty avoidance CF2 0.902 0.769  0.896  0.801 0.881 0.751 0.879  0.761
CF3 0.913 0.863
APB1 0.891 0.852
Actual purchase behavior APB2 0873 0916 0928 0.801 0872 0904 0912 0.771
APB3 0.904 0.910
APB4 0.912 0.878

PI — purchase intention; BF — buying feature; BA — behavioural attitude; BC — behavioural control; SN — subjective
norms; UA — uncertainty avoidance; APB — actual purchase behavior; a — Cronbach’s alpha; CR — composite reliability;

FL — factor loading; AVE — average variance expected
Source: Authors's own elaboration

df =195, x*/ df = 1.578, RMSEA = 0.046, GFI = 0.911,
TLI = 0.927, CFI = 0.942 and AGFI = 0.859. In Sierra
Leone, the model fit values showed satisfactory values
of x* = 288.91, df = 176, x*/df = 1.642, RMSEA = 0.053,
GFI=0.935, TLI = 0.948, CFI = 0.950 and AGFI = 0.884
(Table 5). All indicators’ values were within the general
thresholds recommended in the pertinent literature
(Fornell and Larcker 1981; Hair et al. 2019; Sarstedt
et al. 2021).

Discriminant validity. We determined discriminant
validity (DV) by comparing the square root of the AVE
value with the correlation value of the study variables,
as shown in Table 6. To verify the DV, the square root
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of the AVEs is shown diagonally across constructs,
which were all higher than the correlation with other
variables, implying good DV (Fornell and Larcker 1981).

Evaluation of the structural model and proposed
hypotheses

After validating the measurement model, this study
used SEM to evaluate the suggested hypotheses. Em-
pirical research regarding BA, culture, SN and behav-
ioural intentions has largely adopted SEM for such in-
vestigations (Liao et al. 2022; Zayed et al. 2022).

The values for the main indices for the SEM include
CFI of 0.959 and 0.947, GFI values of 0.927 and 0.952,
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Figure 4. (A) Chinese and (B) Sierra Leonean measurement model

PI - purchase intention; BF — buying feature; BA — behavioural attitude; BC — behavioural control; SN — subjective norms;
UA - uncertainty avoidance; APB — actual purchase behavior;

Source: Authors's own elaboration

AGFI of 0.876 and 0.873, RMSEA of 0.038 and 0.061
and TLI values of 0.933 and 0.926 for China and Sierra
Leone, respectively. The x* difference indices for Chi-
115 = 406,51 and A? = 1.891 (P < 0.0001),
while the x° difference indices for Sierra Leone were
X2(194) =351.80, Ax? = 1.813 (P < 0.001). The critical ra-
tio was determined by dividing the calculated estimate
of the regression by the standard error and a matrix
was used in questionnaire item evaluation to confirm
whether the measurement scale was fit to determine
the degree of response of various interviewees. The

na were x>

Table 5. Model fit results of the measurement models

expected critical ratio was assumed to be significant
at the 5% level at most and was estimated using the
software SPSS Amos 23. The precise values are pro-
vided in Table 7.

The lower section of Table 7 presents the R® esti-
mates for each structural model of the two sampled
countries. The estimated SEM for the Chinese respon-
dents, the BF, BA, SN and BC constructs, explained
87.4% of the variation in chicken meat PI. Furthermore,
PI explained 72.1% of the variation in consumers’ APB
for the same product. For consumers in Sierra Leone,

Countries be df /df RMSEA GFI TLI CFI AGFI
China (588) 307.62 195 1.578 0.046 0911 0.927 0.942 0.859
Sierra Leone (410) 288.91 176 1.642 0.053 0.935 0.948 0.950 0.884

df - degrees of freedom; x?/ df — chi-square difference; RMSEA — root mean square error of approximation; GFI — good-
ness of fit index; TLI — Tucker Lewis index; CFI — comparative fit index; AGFI — adjusted goodness of fit index

Source: Authors's own elaboration
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Table 6. Results of discriminant validity and correlation matrix

Country Constructs Mean SD BF BA SN BC PI CF APB
BF 4.33 0.738 0.893 - - - - - -
BA 4.09 0.613 0.263 0.888 - - - - -
SN 4.02 0.901 0.184 0.314 0.903 - - - -
China BC 3.63 0.723 0.149 0.351 0.243 0.886 - - -
PI 4.18 0.748 0.244 0.279 0.171 0.154 0.883 - -
CF 3.66 0.662 0.281 0.293 0.234 0.308 0.194 0.895 -
APB 4.14 0.809 0.332 0.351 0.313 0.273 0.238 0.273 0.895
BF 4.13 0.738 0.854 - - - - - -
BA 3.51 0.778 0.361 0.893 - - - - -
SN 3.97 0.639 0.342 0.163 0.886 - - - -
Sierra Leone BC 4.04 0.904 0.294 0.344 0.182 0.861 - - -
PI 4.04 0.748 0.323 0.309 0.394 0.213 0.884 - -
CF 4.21 0.840 0.271 0.274 0.182 0.410 0.314 0.872 -
APB 4.13 0.807 0.331 0.352 0.312 0.271 0.235 0.274 0.885

BF - buying feature; BA — behavioural attitude; SN — subjective norms; BC — behavioural control; /A — uncertainty
avoidance; PI — purchase intention; APB — actual purchase behavior
Source: Authors's own elaboration

Table 7. Hypotheses testing results

China Sierra Leone
Hypothesis Path - - Confirmed
estimate CR estimate CR
Direct path
H, Pl — APB 0.530%** 12.033 0.339*** 12.444 yes
H,, BF — PI 0.271%* 11.353 0.245%** 5.563 yes
H,, BA — PI 0.195%** 7.351 0.083** 2.268 yes
H,, SN — PI 0.156*** 6.012 0.094** 2.145 yes
H,, BC— PI 0.260*** 4.899 0.249*** 9.614 yes
Mediating relationship
H,, BF — PI— APB 0.365*** 7.152 0.226"** 8.637 yes
H,, BA — PI— APB 0.240*** 7.478 0.079%** 5.733 yes
H, SN — PI — APB 0.185*** 6.012 0.058%** 9.093 yes
H, BC— PI— APB 0.204*** 4.937 0.113%** 4.447 yes
Moderating relationships
H,, PIx CF— APB 0.141 0.625 0.344%** 6.781 partial
H, BF x CF— PI 0.175 0.426 0.276** 8.680 partial
H, BA x CF— PI 0.124 0.091 0.204%** 5.626 partial
H,, SN x CF— PI 0.137 1.332 0.107 0.832 no
H,, BCx CF— PI 0.171 0.835 0.185** 2.930 partial
R?values in the direct relationship Pr APB Pr APB N
0.874 0.721 0.815 0.663 -

*xx wk gignificant at 10%, 5% and 1% level, respectively; CR — critical ratio; the Sobel test’s z-values are replaced in the CR
columns for mediation association; BF — buying feature; BA — behavioural attitude; BC — behavioural control; SN — sub-
jective norms; PI — purchase intention; APB — actual purchase behavior

Source: Authors's own elaboration

84

134



Agricultural Economics — Czech, 70, 2024 (2): 73-90

Original Paper

https://doi.org/10.17221/331/2023-AGRICECON

the BF, BA, SN and BC variables explained 81.5% of the
variation in chicken meat PI. For the structural model
of Sierra Leone, 66.3% of the variation in chicken meat
APB could be explained by selected constructs.

We employed the bias-corrected accelerated boot-
strapping technique (5 000 subsamples) at the two-
tails stage with a significance threshold of 5% and sev-
eral-group analysis (Hair et al. 2017; Henseler 2017).
We also compared the two countries using the per-
mutation test. According to our findings, all hypoth-
eses except H,, were found to have no significant dif-
ferences. The two countries had a similar view of BF,
BA, SN and BC in terms of PI and APB. However, the
effects of these relationships differed between the cul-
tures of the two countries.

We determined that PI significantly influenced APB
in China and Sierra Leone. As such, hypothesis H, was
validated and supported. The findings revealed that
BF, BA, SN and BC significantly influenced customers’
chicken meat P/ in China and Sierra Leone, validating
H, —H_ .Chinese consumers were more impacted than
their Sierra Leonean counterparts regarding chicken
meat PI. In both sampled nations, we found significant
chicken meat P/ mediating effects between BF, BA, SN,
BC and APB, supporting hypotheses H, —H,,.

Moderating effect of uncertainty avoidance on the
drivers of chicken purchase intention

Regarding the moderating effects of UA, a strong
positive interaction was found in Sierra Leone, but
it was insignificant in China. In Sierra Leone, moder-

5.0
4.5

4.0 Tow UA
35

3.0 high UA
2.5
2.0
15

1.0 T 1
low PI of high PI of

chicken meat chicken meat

Actual purchase behaviour

Figure 5. Uncertainty avoidance moderation between P
and APB

PI — purchase intention; APB — actual purchase behavior;
UA — uncertainty avoidance
Source: Authors's own elaboration

ating effects were significant for all constructs, except
for that of SN and UA on PI. Since the moderating ef-
fect was significant, this indicates a need for further
research to determine the nature of UA’'s moderation.
The moderating association between P/ and UA
on APB was also significant for the Sierra Leonean
sample. To interpret the moderating effect, we ob-
served the trend of the linear lines of PI and APB
at high and low UA levels. The moderating effect of L/A
on Pl and APB is illustrated in Figure 5, demonstrat-
ing that UA enhances the relationship between PI and
APB. Therefore, H,, was supported for Sierra Leone.

5.0
4.5
low UA
35
3.0
2.5
2.0
1.5
1.0

high UA

Purchase intention of chicken

low buying features high buying features

Figure 6. Uncertainty avoidance moderates between BF
and P/

BF - buying feature; PI — purchase intention; A — uncer-
tainty avoidance
Source: Authors's own elaboration

5.0
4.5
4.0
3.5
3.0 ‘high uA
2.5
2.0
1.5

1.0 T 1
low behavioural high behavioural

attitude attitude

Tow UA

Purchase intention of chicken

Figure 7. Uncertainty avoidance moderation between BA
and P/

BA - behavioural attitude; PI — purchase intention; UA —
uncertainty avoidance
Source: Authors's own elaboration
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Purchase intention of chicken

Figure 8. Uncertainty avoidance moderation between BC
and P/

BC - behavioural control; PI — purchase intention;
UA - uncertainty avoidance
Source: Authors's own elaboration

The moderation analysis of UUA on BF and PI in Fig-
ure 6 revealed a strong positive interaction effect, in-
dicating that /A moderates the relationship between
BF and PI. The result in Figure 6 illustrates that U/A en-
hanced the relationship between BF and PI; hence, H,
was confirmed.

The moderation analysis of U/A on BA and PI in Fig-
ure 7 revealed a strong positive interaction effect, in-
dicating that LA moderated the relationship between
BA and PI. The result in Figure 7 illustrates that UA
enhanced the relationship between BA and PI; hence,
H,_was supported.

The moderation analysis of L/A on BC and PI in Fig-
ure 8 revealed a strong positive interaction effect, in-
dicating that LA moderated the relationship between
BA and PI. The result in Figure 8 demonstrates that U/A
enhanced the relationship between BA and PI; hence,
H,, was supported.

DISCUSSION

This study identified five variables influencing the
chicken meat P/ in China and Sierra Leone. The results
of hypotheses H, —H_ suggest that BF, BA, SN and
BC were valid indicators that significantly influenced
consumers’ chicken meat PI in both markets. However,
the impact of these variables was significantly higher
among Chinese consumers than those in Sierra Leone.
Our results are consistent with the findings of Li et al.
(2021), Roseira et al. (2022) and Sobaih et al. (2023).
The impact of these factors on chicken meat APB was
more noticeable in the Chinese market than in Si-
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erra Leone. This implied that BF, BA, BC and SN had
a stronger influence on Chinese buyers’ purchase de-
cisions. Likewise, the outcome from H1 indicated that
chicken meat PI had a substantial effect on consumers’
purchase behaviour in the two studied markets. Similar
results were found for developing countries by Zayed
et al. (2022), which confirmed these findings. We de-
termined that P/ is a possible indicator that favourably
affects chicken meat APB in the two analysed markets.

The findings of the hypotheses H, ~H,, demonstrat-
ed that PI has an essential role in mediating between
BF, BA, SN, BC and APB towards CM. The mediating
effects of PI were more apparent in China than those
in Sierra Leone, presumably because of high adher-
ence to BF, BA and the influence of family members
and friends (SN). Chinese consumers were strongly
induced by these factors, which positively influenced
their chicken meat PI. One study observed that BF and
BA towards purchasing, when used as signals of organ-
ic meat PI, greatly boosted the meat industry’s repu-
tation in Vietnam (Nguyen et al. 2021). Moreover, BF
has both direct and indirect effects on CB (Shahriari
et al. 2019). Similarly, SN directly and indirectly affects
Sierra Leonean and Chinese buyers’ behaviour towards
CM. These findings are consistent with those of Pefia-
Garcia et al. (2020), who found that SN positively influ-
enced APB in Colombia and Spain.

The outcomes of H, , revealed a substantial effect
of UA on Sierra Leonean culture on the predictors of P/
and APB, except for H,, In contrast, the moderating ef-
fect variable (L/A) of the predictors on Pl and APB was
insignificant for China. This indicates that customers
from Sierra Leone chose CM to navigate confusing cir-
cumstances and prevent uncertainty. This result agrees
with Hofstede’s rankings, which placed Sierra Leone
at 50 points and China at 30 points for UA, implying
that Sierra Leone and China have high and low UA lev-
els. Chinese consumers were more accepting of ambi-
guity than Sierra Leonean consumers, who preferred
to buy CM to avoid uncertainty.

The positive relationships between PI and APB,
BF and PI, BA and PI and BC and PI were strength-
ened in Sierra Leone by high UA, as illustrated in Fig-
ures 5-8, while the negative impact of low UA was
diminished. Based on the findings, buyers in Sierra
Leone with high UA preferred CM over their coun-
terparts in China with low UA. The slope of the inter-
actions indicates that further research should be con-
ducted regarding UA and premium CM. Therefore,
Sierra Leonean consumers’ chicken meat P/ was im-
pacted through UA.
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Thus, Chinese consumers purchase CM as a result
of attributes associated with the product, such as being
free from chemicals, freshness, place of origin, certi-
fication, breeding method and other product consid-
erations; therefore, it was observed that Chinese buy-
ers are not impacted by UA when buying CM because
of confidence in CM quality.

Implications

Theoretical implications. The conclusions of this
research have several theoretical implications. The pri-
mary novelty of this study was the expansion of the TPB
by incorporating the cultural factor of UA and the BF
construct, which could be significant for future cross-
cultural research. The second contribution of this
work was building on earlier discoveries on the effect
of psychological and cultural variables on consumers’
chicken meat P/ in China and Sierra Leone. Addition-
ally, this study adds to the body of knowledge by includ-
ing UA as a moderator in a proposed model, presenting
a unique way to measure U/A in relation to PI and APB.

This study also offers insight into the potentially new
drivers of consumer PI that are thought to have a signif-
icant impact on chicken meat P/ such as BA. The study
also revealed how consumer responses to chicken meat
PI differed across two different cultural value systems,
as the first to compare the prevalence of this phenom-
enon in Asia and Africa. Subsequently, the study offers
empirical support for the idea that U/A is a significant
exogenous variable for the TPB model because it af-
fects multiple factors, as demonstrated.

Practical implications. When buyers are presented
with a number of influential attributes that signify qual-
ity and safety in food buying decisions, as well as cul-
turally inconsistent factors, it can cause them to be-
come more cognitively stressed, resulting in diminished
control over the interaction and a loss of focus. Because
perceptions of quality differ between nations, consum-
ers behave differently when making purchases to satisfy
individual demands for safety and satisfaction. The pri-
mary marketing conclusion of this study is that it of-
fers empirical evidence from the analysed markets that
cultural dimensions are a significant factor in meat
purchasing decisions, leading to a higher impression
of meat quality and efficacy. The research indicates
some useful approaches for meat producers and mar-
keters who wish to incorporate attractive elements for
such consumers into their products. The study’s find-
ings may be helpful to managers in the meat industry,
who may reference it to develop strategic marketing
tactics for nations with various cultures and those with

similar cultures. By concentrating on the link between
cognitive evaluation and consumer-perceived quality
traits, meat producers can use these insights to improve
desired outcomes and boost sales.

The practical implications could extend to com-
mercial poultry firms’ alteration of marketing strate-
gies that improve sales across cultures. The findings
revealed that consumers in both nations have similar
chicken meat PI. Because consumers are more inter-
ested in the BF of chicken, the meat sector must un-
derstand the purchasing characteristics consumers
consider and how they might influence their APB.

CONCLUSION

This study examined the impact of traditional psy-
chological factors (BA, SN and BC), BF and UA on Chi-
nese and Sierra Leonean chicken meat APB. We con-
firmed that the TPB is a vital framework for predicting
and explaining the factors influencing chicken meat
APB
a unique conceptual model incorporating cultural
factors, buying features and traditional psychologi-
cal factors to predict chicken meat PI and APB in the
two distinct markets.

The empirical results revealed that Chinese and Sier-
ra Leonean consumers held a positive attitude towards
buying CM because of its quality, low cost and avail-
ability. Furthermore, SN and BC had positive and sig-
nificant effects on chicken meat P/ and APB. Among
the extended constructs, BF had a positive impact
on chicken meat PI and APB. This is an indication for
CM traders to use labelling to highlight various fea-
tures such as colour, appearance, taste and tenderness
that will influence CB towards CM consumption. The
findings revealed that BA, SN, BC and BF had a signifi-
cant impact on chicken meat PI and APB; however, the
impact of these constructs was more significant in Chi-
na than in Sierra Leone. Thus, the livestock industry,
particularly chicken production, should emphasise the
inclusion of BF information on packaging. The find-
ings of this study also indicated that PI mediated the
relationship between the independent constructs and
APB. Finally, UA partially moderated the links be-
tween BF, BC, SN, BA and PI and between Pl and APB
in the Sierra Leonean sample. Thus, chicken stakehold-
ers in Sierra Leone, can segment their client base and
focus on specific categories with persuasive strategies
as a result of the cultural factor.

in cross-cultural contexts. We constructed

Limitations and recommendations for further
study. Although this article addressed an essential con-
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cept related to the factors that influence P and APB for
CM, there are some limitations that could be examined
in future research. The study was implemented in two
distinct countries. We suggest that future research
should include more countries to improve the valid-
ity and applicability of culture in consumer purchase
behaviour. We also suggest that additional cultural di-
mensions be included in any subsequent research on P/
and APB. Our investigation considered four predictors
(BE, BA, SN and BC) of PI and APB towards CM in the
analysed countries. Subsequently, future research
could include a larger number of predictors, including
safety attributes, trust, health, ethical factors and envi-
ronmental factors, to gain a more comprehensive view
of countries’ marketplaces and provide a more detailed
picture from which stakeholders along the supply chain
can develop strategies.
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Abstract

Considering the impact of time on consumer decision-making, this paper constructs
a two-stage pre-sale crowdfunding model in the crowdfunding stage and the general
sales stage considering the degree of consumer patience and the conversion rate of
potential consumers, studies the pricing strategy in the case of long-term crowd-
funding and short-term crowdfunding, and analyzes the impact of patience and con-
version rate on the time decision-making of crowdfunding from the perspective of
starting capital and profit. The results show that with the improvement of the con-
version rate of potential consumers, the optimal pricing in the two stages increases
first and then decreases. With the increase in consumers’ patience, the optimal pric-
ing in the crowdfunding stage should be appropriately improved. In addition, from
the perspective of start-up capital, in order to meet the minimum start-up capital
requirements, initiators should choose short (long) time crowdfunding when con-
sumers’ patience is low (high). From the perspective of profit, when consumers’
patience is low (high), they should choose short (long) time crowdfunding. When
their patience is moderate, they should choose long (short) time crowdfunding when
the conversion rate of potential consumers is small (large).
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1 Introduction

Crowdfunding refers to raising funds from the public through the Internet. The
sponsors of crowdfunding get project support, and investors get in kind, services
and other forms of financing in return [1]. Crowdfunding initially emerged in the
USA. In 2003, the "crowdfunding" website artistshare first appeared. In 2008,
the Indiegogo comprehensive crowdfunding platform was launched. In 2009,
the establishment of KickStarter, a professional crowdfunding website, made a
crowdfunding flourish. Various types of crowdfunding platforms have emerged,
such as the product crowdfunding platform "Crowdfunder", the equity crowd-
funding platform "Fundable", and the public welfare crowdfunding platform
"GoFundMe". In 2011, crowdfunding entered China. The classic crowdfunding
websites include "dianmingshijian", "renrenchuang", "Diwu Chuang", "dianchou-
wang" and "kaishiba". In recent years, major Internet giants have also entered
the crowdfunding market, such as Zaodian Xinhuo under Taobao, Xiaomi Youpin
under Xiaomi, JD crowdfunding under JD and Suning crowdfunding under Sun-
ing. According to statistics, the amount successfully raised through crowdfunding
worldwide in 2015 exceeded 34 billion US dollars. Nowadays, in addition to the
classic KickStarter, Indiegogo and other crowdfunding platforms, various types
of crowdfunding platforms (such as Patreon in Europe and America, makuake
and green funding in Japan, and modian crowdfunding in China) have entered the
market. The world bank predicts that the global crowdfunding market will reach
US $ 93 billion by 2025.

Pre-sale crowdfunding, equity crowdfunding, debt crowdfunding, and pub-
lic welfare crowdfunding are the four categories into which the primary operat-
ing modes of crowdfunding are steadily subdivided [2]. Among them, Pre-sale
crowdfunding, which includes the pre-sale stage and public sales stage, is the
most popular type. Participants in this type of crowdfunding are consumers who
pre-order products to participate in crowdfunding. For instance, during the pre-
sale period, the "pebble" smart watch raised more than US $10 million through
the KickStarter crowdfunding platform. The pre-order product was successfully
developed by the initiator and placed into formal production, and the backer was
able to get it on time. [1]

However, in practice, pre-sale crowdfunding often faces a high failure rate
due to decision-making errors. Among them, pricing strategy and duration deci-
sions have a significant impact on the success of crowdfunding. The pricing is
too high and consumers are unwilling to buy; The pricing is too low, and crowd-
funding faces the risk of financing failure. It is far from enough to consider only
the pricing strategy, and there are also many crowdfunding projects that fail due
to the unreasonable time setting of crowdfunding. The crowdfunding time is too
short, and the risk of insufficient funding is high; The time of crowdfunding is
too long, and consumers’ willingness to buy products in the crowdfunding stage
is reduced. As for the time of crowdfunding, the officials of mainstream crowd-
funding platforms (such as KickStarter, Indiegogo, and Zaodian Xinhuo) give
suggestions for 10-60 days, usually 30 or 60 days. Therefore, for enterprises that
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use crowdfunding as a means of financing, it is of great practical significance
to formulate a reasonable price strategy and select the appropriate crowdfund-
ing duration in the early stage. The majority of current research focused on the
pricing strategy and marketing mode in crowdfunding, ignoring the impact of
crowdfunding time on consumer decision-making.

Motivated by the observed real-world practices, this paper attempts to explore
how the duration of crowdfunding affects consumer choice s, enhances crowd-
funding success rate and profit. We mainly consider two research objectives: (1)
Provide pricing suggestions of pre-sale crowdfunding for enterprises: how to
set two-stage pricing under different crowdfunding durations? how time affects
consumer patience and potential consumer conversion rate, and how it further
affects pricing decisions? (2) Provide possible guidelines for the duration of pre-
sale crowdfunding: When to choose long-term crowdfunding be chosen? When
to choose short-term crowdfunding?

To achieve the above two research objectives, we mainly discusses the follow-
ing issues: (1) How is the two-stage pricing of pre-sale crowdfunding impacted
by the various consumer traits in long-term and short-term crowdfunding? (2)
How should sponsors pick between long-term and short-term crowdfunding to
meet the needs of start-up funds? (3) How should sponsors pick between long-
term and short-term crowdfunding in order to maximize profits?

Around the price and time decision-making in pre-sale crowdfunding, we
constructs a two-stage advance-selling crowdfunding model that takes into
account consumers’ patience and potential consumers’ conversion rate, investi-
gates the pricing strategy in the case of long-time and short-time crowdfunding,
and analyzes the influence of patience and conversion rate on crowdfunding time
decision from the perspective of start-up capital and profit.

This paper finds that: (1) with the improvement of the conversion rate of
potential consumers, the optimal pricing in the crowdfunding stage and the gen-
eral sales stage shows a trend of first increasing and then decreasing. The pricing
of the crowdfunding stage should be appropriately improved with the increase
of consumers’ patience. (2) From the perspective of start-up funds, when con-
sumers’ patience is low, short-term crowdfunding can make enterprises more
likely to raise start-up funds; When consumers’ patience is high, long-term
crowdfunding can make enterprises more likely to raise start-up funds. (3) From
the perspective of profit, if consumers are less patient, the profit of short-term
crowdfunding is generally higher than that of long-term crowdfunding; If con-
sumers are more patient, the profit of long-term crowdfunding is always higher.
Long-term crowdfunding is the only option because short-term crowdfunding
cannot be successful when the conversion rate of potential customers is low to a
certain extent.

The organization is as follows. Section 2 reviews the literature related to our
study. Section 3 presents the model setup. In Sect. 4, we solve the equilibrium
analysis of our models. In Sect. 5, we discuss the crowdfunding pricing model
and the duration decision from different perspective. Section 6 concludes the

paper.
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2 literature review

At present, the research on crowdfunding can be roughly divided into two catego-
ries: qualitative influencing factors and quantitative analysis. The majority of the
literature on qualitative influencing factors is based on empirical studies, which
use big data, questionnaires, and other techniques to empirically test the influence
of public values, opinion leaders’ social reputations, and other factors on the suc-
cess of crowdfunding campaigns. First, in terms of project information, internal
factors such as financial status, internal governance and risk factors have a greater
impact on the success of crowdfunding [3]; The number of project updates is
positively correlated with the success rate of crowdfunding [4]; Factors such as
average limit are negatively correlated with the success rate of crowdfunding [5].
Many other scholars have conducted research from other perspectives and found
that external environmental factors as well as internal and external comprehen-
sive factors will also have an impact on the performance of crowdfunding. These
factors include the geographic location of investors [6], the quantity of social
media for crowdfunding [7], the social network [8] and the reputation of investors
[9], as well as the number of project employees and shareholders [10].

Belleflamme et al. [1] conducted a ground-breaking quantitative research on
the optimization of crowdfunding decision-making. They develop mathematical
models of the pre-sale and equity crowdfunding modes and put forward the idea
of community benefits, which sets crowdfunding participants apart from regular
consumers. They then provide the marginal conversion conditions for business
owners to choose between pre-sale crowdfunding and equity crowdfunding.On
the basis of Belleflamme’s research, Liu Bo et al. [11] considered the impact of
platform and corporate reputation on the selection of pre-sale crowdfunding and
equity crowdfunding modes, and they came to a conclusion regarding the benefits
and drawbacks of each mode based on platform and corporate reputation, whether
equity crowdfunding investors have preferences for products, starting investment
threshold, and the size of initial capital demand. Bi Gongbing et al. [12] con-
sidered the impact of production costs and fixed costs and studied the impact of
common single-stage crowdfunding and pre-sale two-stage crowdfunding on the
project and the optimal decision. Xue Weili et al. [13] considered the impact of
the competitive environment on the pricing strategy of pre-sale crowdfunding
products and made a comparative analysis of crowdfunding and bank loans to
study the optimal decision of enterprises. Zeng Yan et al. [14] studied the inter-
est game behavior of financiers and crowdfunding investors in equity crowdfund-
ing, analysed the optimal decision of financiers, and found that factors such as
marginal income, project success probability and expected rate of return would
affect the optimal decision. A three-stage crowdfunding approach was developed
by Lvxiumei and Shaotengwei [15] and consists of the finance stage, the stage
when products are provided to supporters and the stage where products are sold
to regular consumers. They investigated the price strategy and financial goals of
the sponsors, assuming the increased utility brought by consumers’ patience and
value-added. [1, 11-15]
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Hu ’s [16] establishment of a dynamic game choice model at the crowdfund-
ing stage is another significant piece of quantitative research on the optimization
of crowdfunding decision-making. He divided the crowdfunding participants into
high-valuation users and low-valuation users. On this foundation, the benefits and
drawbacks of four pricing strategies—profit-based, sales-based, intertemporal, and
menu—as well as their application were examined and contrasted. Following the
work of Hu et al., Iv Zhengying et al. [17] increased the participant count to three
and six price methods and determined the optimum conditions for each pricing strat-
egy. Liu Zhengchi et al. [18] assumed two kinds of participants, ordinary consumers
and geek consumers, and constructed a two-stage dynamic game model based on the
difference in the perceived value of crowdfunding items, from which they examined
the varied pricing strategy of businesses. Based on the assumption that there are two
users with high and low valuations, Deng Wanjiang et al. [19] studied the market
equilibrium of two types of participants in the context of crowdfunding and sales of
new products and provided the pricing strategy and quality design that corresponds
to the initiator.

In terms of crowdfunding time, Wu Wenqing et al. [29] found an inverted
U-shaped relationship between the funding cycle and the actual amount of fund-
ing through empirical research. In the medical crowdfunding project, Zhuzhichao
and others [31] also found that the amount of financing increased first and then
decreased with time. Linxin et al. [28] based on the perspective of 4C marketing the-
ory, concluded that there was a significant negative correlation between the number
of days and the success rate in a library crowdfunding project. Wang Dongmei et al.
[27] used the queuing model to study the optimal project cycle and price decision to
maximize the profit per unit of time against the background of product crowdfund-
ing. Pre-sale has gradually grown in popularity as a technique of advanced market-
ing in recent years. When Zhou Xiongwei et al. [30] took into account how consum-
ers arrive and their preferred times, they discovered that whether or not to use a
pre-sale strategy depends on the proportion of customers who are ready to make a
cash purchase to the cost of sales per unit of time. While the discussion on consum-
ers’ time preferences in the quantitative aspect primarily uses the method of queuing
theory, this paper innovates the method by taking into account the pricing and time
decision-making in the crowdfunding stage and the sales stage. The aforementioned
crowdfunding time research is primarily based on the qualitative method.

In particular, the length of time consumers are willing to wait is crucial for enter-
prises. Given that insufficient consumer patience can have a negative impact on
future outcomes and service evaluations [35, 36], it is crucial to identify effective
methods to reduce related negative effects impacts [37]. As the willingness to wait
for the product or service is crucial, enterprises hope to increase customer patience
[38]. However, in previous studies that focused on crowdfunding, there was little
investigation into customer patience and its potential mechanisms. In this study, we
mainly focus on how the duration of crowdfunding affects consumer patience and
willingness to pay.

In addition, Iv Xiaohui et al. [20] considered the two-stage crowdfunding model
in which the consumer utility was damaged when crowdfunding failed and found
that the success rate had a greater impact on the purchase rate of the two stages by
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building a mathematical model. Qu Shaojian et al. [21] analyzed the differences in
cost, financing amount and unit price between social crowdfunding and non-social
crowdfunding. Liu Zhiying et al. [22] analyzed the optimization of the profit func-
tion of investors and fundraisers under different information conditions based on
four explanatory variables: output, product launch, discount coefficient and innova-
tion degree. Du et al. [25] established a general model to compare the sequential
and synchronous mechanisms of product crowdfunding considering the fuzziness
and over-financing effect of incentive crowdfunding. Ji Ying et al. [26] studied how
enterprises can reduce the losses caused by imitation competition by optimizing the
design of crowdfunding contracts, that is, to achieve a balance between the distor-
tion of the traditional product market caused by crowdfunding and external imita-
tion competition. Liu et al. [32] considered the observation learning effect in crowd-
funding. They established a two-stage Stackelberg game model and found that under
different pricing strategies (static or dynamic pricing), observation learning may be
beneficial or harmful to profits. Liu et al. [33] then extended the pricing strategy to
four types and discussed how to set the menu price under different financing objec-
tives. [20-22, 25, 26, 32] and [33]

In conclusion, the present study on crowdfunding is primarily qualitative and
examines a wide variety of topics, such as the influence of project information (cor-
porate image, project concept) on crowdfunding success rate and the influence of
external environmental factors on crowdfunding performance (social media, geo-
graphical location). On the quantitative side, researchers primarily examined the
choice of crowdfunding mode, crowdfunding pricing strategy, and other issues, such
as cost, user valuation, consumer utility, investors, platforms, and other aspects. This
research was based on the two models created by Belleflamme and Hu. Unfortu-
nately, not enough consideration has been given to how time, a significant influ-
encing element, affects crowdfunding decision-making. This paper believes that
it is worth further research on how crowdfunding time affects market demand, the
impact of crowdfunding time on crowdfunding pricing, and the optimization deci-
sion-making of crowdfunding time. Therefore, this paper introduces the level of
patience and conversion rate of potential consumers, builds the pre-sale crowdfund-
ing price and time decision-making model based on the model of Belleflamme et al.
[1], analyzes the crowdfunding optimization pricing taking the impact of time into
account, and discusses the crowdfunding time optimization decision-making in dif-
ferent situations.

3 Model design
3.1 Model description and variable definition

Suppose an enterprise publishes a pre-sale crowdfunding project through the
crowdfunding platform, and the starting capital is K. Consumers can partici-
pate in crowdfunding at price p, and p, in the crowdfunding stage and the gen-
eral sales stage respectively. The supply chain structure is presented in Fig. 1.
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Fig. 1 The supply chain structure

Enterprises are faced with two stages: crowdfunding stage and general sale stage,
with the goal of maximizing profit projects.

Decision making sequence of two stages

Crowdfunding stage

Suppose an enterprise publishes a crowdfunding project through the crowd-
funding platform, it needs to make the following decisions before the release of
the crowdfunding project: the first stage pricing (p;), the second stage pricing
(p,), the starting capital (K) (i.e. the minimum amount of funding) and the choice
of crowdfunding duration (long-term crowdfunding or short-term crowdfunding).
After the approval of the platform, the crowdfunding project will be released, and
the crowdfunding participants will participate in the crowdfunding in the form of
pre-purchase. The pre-sale money will be kept by the platform temporarily. After
the deadline of the crowdfunding, if the total amount of the pre-sale money minus
the Commission, marketing and other costs is not less than the starting capital,
the crowdfunding of the project will be successful. Otherwise, the crowdfunding
of the project will fail, and all the pre-sale money will be returned to the crowd-
funding participants. This is the first stage (crowdfunding stage).

(2) General sale stage

After the success of crowdfunding, the platform will transfer the funds to the
enterprise, the enterprise will put into production and deliver the products to
the crowdfunding investors, and the follow-up products will be officially listed.
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General consumers can participate in the purchase, which is the second stage
(general sale stage). The main decisions in this process are shown in Fig. 2.

Main factors to be considered for enterprises to make time decisions:

(1) Relationship between crowdfunding duration and consumer patience

Previous studies have used subjective ratings [39], and the willingness to wait
[40, 41] and [42] to explore consumer patience. In this study, we examined con-
sumer patience by the willingness to wait, which is related with time. The con-
sumers’ patience is taken into account only in the crowdfunding stage because
they must wait until the end of the crowdfunding period to obtain products, but
they can get products immediately in the general sales stage. With the same wait-
ing time, the higher the degree of patience, the greater the consumer’s valuation
of the product. In this article, € denotes the degree of consumer’s acceptance
of waiting and € € (0, 1). If the waiting time is 7, the degree of the consumer’s
patience is £'. Assuming that the time of crowdfunding participants’ consumption
behavior is evenly distributed, the average waiting time is half of the crowdfund-
ing time, that is, when the crowdfunding time is 30 days, consumers need to wait
for 15 days; When the crowdfunding time is 60 days, consumers need to wait 30
days. As mentioned above, the crowdfunding time is 30 days or 60 days, making
15 days a cycle, and the waiting time of long-term crowdfunding is twice that
of short-term crowdfunding, that is. The longer the crowdfunding time, the less
patient consumers are, that is €* = ¢, €/ = €2 and £* > €.

(2) The relationship between the duration of crowdfunding and the conversion
rate of potential consumers

As for the conversion rate of potential consumers, it is reasonable to assume
that all potential customers will participate in the purchase during the general
sales stage due to the unlimited sales time, whereas not all potential customers
have access to the product during the crowdfunding stage due to the limited time.
The same assumption has been mentioned in some literature [45]. The conversion
rate of potential customers is calculated during the crowdfunding phase as the
proportion of consumers who can actually purchase the product to all consum-
ers who are interested in it. 4; denotes the conversion rate of potential consum-
ers [44]. When presale lead-time is longer, consumer’s presale intent is higher
[43].The longer the crowdfunding time, the longer the product exposure time,
the more potential consumers who can contact crowdfunding products, and the
higher the conversion rate of consumers, that is A, < 4,.

Stagel (Crowdfunding stage) Stage 2 (General sales stage)

! It
r Y !

Enterprises set crowdfunding price(p, ), the starting
capital(K), crowdfunding duration({s, [})

\ |
I I

Consumers choose whether to participate in Consumers (not participating in the first stage)
crowdfunding choose whether to buy

Enterprisea set general selling price p,

Fig.2 Schematic diagram of the two-stage pre-sale crowdfunding decision
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Table 1 summarizes the symbols and definitions of relevant variables in this
paper.

3.2 Model construction

The total market volume is 1. 8 is the valuation of the product by consumers and
follows the uniform distribution in [0,1]. Overvalued consumers may participate
in crowdfunding in the first stage (crowdfunding stage), while undervalued con-
sumers may purchase crowdfunding products in the second stage (general sale
stage). In the first stage, the time is limited, and not all potential consumers can
access the project, so the conversion rate of consumers should be considered;
There is no time limit in the second stage, and it is reasonable to assume that all
potential consumers will participate in the purchase, so it is not necessary to con-
sider the conversion rate of consumers.
The first stage consumer utility function is

U, = £'6 — P 1

In Eq. (1), since consumers in the first stage cannot obtain products immedi-
ately, it is necessary to consider the patience of consumers. The longer the crowd-
funding time, the smaller €.

When U}; =0, 6; = ’%.According to the classic supply chain model estab-
lished by Chiang et al. [23], not all potential consumers can access the project
in the first stage, so it is necessary to consider the consumer conversion rate. The

sales volume in the first stage is [23]

Table 1 Model symbols and definitions

symbol Definition description

0 Consumers’ valuation of products follows the uniform distribution in [0,1]

i Crowdfunding duration i = {s, /}.s denotes short-term crowdfunding,/ denotes long-term
crowdfunding and [ = 2s

€ The degree of consumer patience is equivalent to the discount factor,e € (0, 1)

Ai A; denotes the conversion rate of potential consumers. The longer the presale lead-time, the

higher the conversion rate of potential consumers,4; € (0, 1)
Product pricing. p,; denotes pricing for the first stage, p,; denotes pricing for the second stage

q The sales volume of products. g;; denotes the sales volume of the first stage and g,; denotes the
sales volume of the second stage

C; Costs, including commissions paid to crowdfunding platforms and marketing and customer
service costs, are linearly related to time
Ty Profit.z; is the first stage profit and x; is the second stage profit
IT. Total profit
1
K Starting capital
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: Pii
q; = }”i/ do = x(1-—) )
01 &

The sponsors of crowdfunding need to pay a certain commission to the crowdfund-
ing platform for the release of crowdfunding projects, including the follow-up costs of
marketing and customer service. These costs are basically linear with time, so the cost
is reasonably expressed as

bi=s
Cf‘{zb,i=z )
Therefore, the profit in the first stage is
Pii
Ty = /1i<1_8_li>p1i_ci (4)

In the second stage, consumers can get products immediately without considering
the degree of the patience of consumers. Therefore, the second stage consumer utility
function can be expressed as

Uy =0—py; 5)

As the sales time is not limited, it is reasonable to assume that all potential consum-
ers will be transformed into real consumers. Since the sales volume in the second stage
includes potential consumers in the first stage (see Fig. 3), in order to avoid double
counting, this part should be excluded. Therefore, the sales volume in the second stage
is

0yi 1 A
iP1i
q2i=/ do+(1-2) dd=1—-py;+——— 4 6)
05; 0); &
Therefore, the profit in the second stage is
Ay
”zi=P2i<1 _p2i+T_l _}*i> (N

the first stage sales

the second stage sales

0 B 01 1

Fig.3 Schematic diagram of two-stage sales
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To sum up, the total profit obtained by subtracting the total cost from the
income of the two stages is

. A
II; = ”1i+752i=/1i<1 - Il>p1i -G +P2i<1 — Pyt Ll ’1i> (®)
Ei gi

4 Model solving

Referring to the model of Belleflamme et al. [1], we use the reverse induction
method to solve the price decision problem.

41. Without considering the constraint of starting capital

The decision-making problem of the enterprise in the second stage is max 7,,.
Pai
Bring Eq. (7) into it and find the first partial derivative of the formula with respect

10 Py,

1— 2, + 42

Py =t ©)

Substitute Eq. (9) into Eq. (8) to obtain the total profit function:

2
(1—/1,.+’1‘i_“)
X 7

4 l

IT; = ﬂi<1 _@)Pli"‘

Ei

(10)

The decision problem in the first stage is max [];. According to the first-order

Pui
. . . . i(26i =241 . .
condition, the optimal price in the first stage is p}, = %, the optimal price
. L a(-4) e eea—Ae)
in the second stage is p;. = 2o 7 and the total profit is IT* = S C.

4.2. Considering the constraint of starting capital

Without considering the constraint of starting capital, enterprises can use
the optimal pre-sale price to maximize profits. However, the funds raised in the
crowdfunding stage may be less than the starting funds, that is 7|; < K, the pro-
ject cannot be started. For this purpose, let 7;; = K to obtain the boundary condi-
tions for the project start-up. Two roots can be obtained by solving the quadratic
equation. Because the enterprise pursues greater profits, the larger root is taken as
the solution of the equation. The optimal boundary solutions of short-time crowd-
funding and long-time crowdfunding are

&) Springer
151 =



G.Zhang et al.

\/52/13 — 4Kel, — deba,
N (1)
22

Pis =

I

s

2 \/54,112 _4Ke2 2, — 8e2bA,

==+
Pu ) 24,

(12)

The analysis shows that the pricing strategies of short-term crowdfunding and
long-term crowdfunding sometimes get the boundary solution, and sometimes get
the optimal solution. Taking short-term crowdfunding as an example, as shown
in Fig. 4A, the value range of p,, is limited to the shaded part and the straight
line is the analytical optimal solution of the first stage price. When the analyti-
cal optimal solution is not within the shadow range, no solution can be obtained;
When the analytical optimal solution is at the boundary of the shadow region, the
boundary solution of the shadow region (oval region) is obtained; When the ana-
lytical optimal solution is within the shadow range, the optimal solution within
the shadow region (rectangular region) is obtained. The same is true of long-term
crowdfunding, as shown in Fig. 4B.

Next, we solve the transformation conditions between the optimal solution and
the boundary solution. By substituting the optimal solution of the first stage price
into Egs. (11) and (12), the marginal conversion rates of the optimal solution and
boundary solution of short-time crowdfunding and long-time crowdfunding are
obtained as follows:

08 *®| — Analytic optimal solution of stage I
"] 77 Analytic optimal solution of stage 0715 \ Value range of stage |
0.71¢ ’
0.6 0.6
0.51 0.57
Py 04 Pu 04
0.31 0.3
0.24 0.21
0.14 0.14
0 0
0 02 04 06 08 1 0

Fig.4 A pricing range of the first stage of short-term crowdfunding. B pricing range of the first stage of
long-term crowdfunding
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<452 +8K+8b—1-— \/(1 —2¢)*(4€2 — 16K + 4e — 16b + 1)>e a3)
R =
: 4e? + 2K —2e +2b

<4s4 +8K+16b—1 - \/(252 —1)°(4e* — 16K+4¢2 — 32b + 1)>52

R =
! det + 2K — 262 + 4b
(14)

5 Summary

According to the above analysis, the profit function of pre-sale crowdfunding can
be expressed as a piecewise function of the conversion rate of potential consum-
ers. The optimal pricing and total profit of short-term crowdfunding and long-
term crowdfunding are summarized as follows.

When the analytical optimal solution of p,, and p,, can be obtained, the first
stage pricing is substituted to obtain the second stage pricing and total profit.

From the above calculation, we can get the optimal pricing and total profit of
short-term crowdfunding and long-term crowdfunding.

Proposition 1 The two-stage optimal pricing and total profit of short-term crowd-

funding can be divided into two cases according to the conversion rate, as shown in
Table 2.

<4£2 +8K+8h—1-— \/(1 —25)2(452 — 16K + 4 — 16b + 1))8
where R, =

4e2 +2K —2e +2b

Proposition 2 Two-stage optimal pricing and total profit basis for long-term crowd-
funding. The conversion rate is divided into two cases, as shown in Table 3.

Table 2 Optimal pricing

0< 4, <R, R, <1, <1
strategy of short-term i i : :
crowdfunding P, \/m e(2e=2,+1)
3 + T 4e—A,
P;S —eA+ /€222 —4Ke A —4ebA+2¢e e(2-4,)
de—Ay

4e

. »
I (2—/1‘),/4(%—K—b)s/l\+5Xf—2(K+b+e)}.‘+(8K+2)e E(Ei‘ ;“'H) —b
£ 'S

8¢
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Table 3 Optimal pricing 0<A <R R<i<l
strategy of long-term

crowdfundin ) N

&7 + o 42—,
Py (2=A)e 47/ (e —4K—8b)A, £02-4)
4e2—)

4e?

* 2025 _
I (G2 faer (22 —K-20) 4+ 2362 -2 K+2be2 ) +8K+2)e? W — 2
€4

8¢2

4e* + 8K + 16b— 1 — \/(252 —1)°(4¢* — 16K +4¢> — 32b + 1)>52

where R, =
4e* + 2K — 22 + 4b

Proposition 1 and Proposition 2 show that there is an inflection point R; in both
short-term crowdfunding and short-term two-stage pricing. Taking this point as a
boundary, the sensitivity analysis of optimal pricing is carried out.

Corollary 1 When A; < R;, the optimal pricing in the first stage and the second
stage increased with the increase of potential consumer conversion rate; When
R; < A; £ 1, the optimal pricing in the first and second stages decreased with the
increase of the conversion rate of potential consumers.

Proof: When A, <R,, the first-order partial derivative can be obtained
op*, i((K+C; :
AT £l(K+C) . Because € €(0,1), K >0 and C; > 0, obviously, the
0% jia/(ei4—4K—4C))ei 4;
2ei A;=2K-2C;—+/ €i A;(€i ,;—4K—4C;
o, A )2 o

equation is positive. The same can be said,—=2 =
44 /€ 4;(ei ,;—4K—4C;)

When R; < 4; <1, the first-order partial derivative can be obtained
py _ Ei(ei=1)
Ay (dei-i)
% _ —4e?
o (4ei-4,)
obviously negative.

To sum up, When 4; < Rl,;" and —=% p” were both positive; When R; < 4, < 1,

Because € €(0,1), this formula is obviously negative.

can be obtained by solving the first partial derivative, which is

‘)Plx
A

le

and o, ere both negative.

Corollary 1 Shows that when the conversion rate is low, the consumer group is
small. If the pricing is too low, it is more likely that the starting capital require-
ments will not be met after the completion of crowdfunding. Therefore, in order
to make crowdfunding successful, it is necessary to appropriately raise the price
to obtain higher profits; When the conversion rate is high, the consumer group is
large. Under the premise of meeting the requirements of start-up funds, the price
can be appropriately reduced to attract more consumers to participate in crowd-
funding, so as to improve the total profit.
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Corollary 2 If A; < R,, the optimal pricing in the first stage and the second stage
increased with the increase of patience; If R; < A; <1, the optimal pricing in the
first stage increased with the increase of patience, and the optimal pricing in the
second stage decreased with the increase of patience.

Proof: When A; < R;, the expressions of the optimal pricing in the first stage and the
second stage are respectively.

e \/ €242 —4Kei A;—8eibl; (2-4;)ei— /€22 —4Kei A;—8eib);
i * Ve
=5+ and p}. =

Py = 27, 2i 2ei
obtained by solving the first partial derivative a;.

ap}; E"/llv—ZK—2C‘-+\/(E/ii—4K—4C,-)£iﬁ.i
- = >

ow; 24/ (i 4,—4K—4C,)ei 4;

, which can be

ops, ME+C, . L .
Rl (K+C) . If the optimal pricing in the first stage exists, then
A 7 \/5:/1(9/1 ~4K~ 4c)

there is & p"

a P

When R, <4 < 1 the expression of the optimal pricing in the first stage was
i(26i—A+1 2ei—1;) +4e?+1;
Py = % the first-order partial derivative of q; was i (5(4)%,
i~ i
which was obviously positive. The optimal pricing expression in the second stage

2 (2—/1i)

is py, = W By solving the first-order partial derivative of ;, we can get.
Wy _ ( 2+4;)2
Oei (451 i)

To sum up, if 4; <R,

*. Because 4; € (0, 1), the above equation is obviously negatlve

1’1, le

and were both positive; if R; < 4; < 1— is posi-

Corollary 2 shows that the optimal pricing should consider both the conversion
rate and the degree of patience. When the conversion rate is low, the consumer
group is small. If the patience of consumers is low, the possibility of consumers’
loss is greater when increasing the price. Therefore, it is necessary to reduce the
price appropriately. On the contrary, consistent with inference 1, the price can be
increased appropriately. When the conversion rate is high, the consumer group is
large. Since the goal of the first stage is to raise start-up funds, the pricing of the
first stage can be appropriately improved according to the degree of patience; The
second stage is the general sales stage. At this time, reducing the price to attract
consumers will bring more profits than the loss of price reduction, so the pricing
in the second stage can be appropriately reduced.

It can be seen from Fig. 3 that the optimal pricing can only be obtained within
the shadow range, that is, there is a lower boundary for the optimal pricing, and
proposition 3 and proposition 4 can be obtained by discussing this boundary.

Proposition 3 The upper limit of start-up funds for successful short-term crowd-
funding is K < A:‘—E —b.
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Proof the conditions for the success of short-term crowdfunding are.

. \/52/13 — 4Kel, — debA,
e < <
2 22 =P =

\/52/13 — 4Ke, — deba,

+
24

| M

s s

For the existence of a condition, we need to solve.p;; 0 <242 — 4Kel, — debi,
A€ _
K< =--0b

Proposition 4 The upper limit of start-up funds for successful long-term crowdfund-
. €2
ingis K < T—Zb.

Proof: The conditions for successful long-term crowdfunding are.

&2 /€ 424K 4e2—8b A €? V€ A7 —4K 4,62 —8b4,€?

2
— < < &
2 24 SPuss+ 24

condition, we need to solve 0 < e*A7 — 4K 4,6 — 8bA,e%. We can get K < 'MTEZ —2b.
Proposition 3 and proposition 4 show that the upper limit of starting capital of
long-term and short-term crowdfunding increases with the increase of conversion
rate and patience. The conversion rate and patience will increase.
Inference 3 can be obtained from proposition 3 and proposition 4.

For the existence of a

Corollary 3 If 4, > M;‘h, the upper limit of starting capital for long-term crowd-

funding was high, on the contrary, the upper limit of short-term crowdfunding was
high.

Inference 3 shows that there are conversion conditions between the upper limit
of long-term crowdfunding and short-term crowdfunding, and enterprises should
choose long-term crowdfunding and short-term crowdfunding according to the level
of start-up funds.

6 Numerical analysis and discussion
6.1 Impact of conversion rate and patience on pricing strategy

In order to analyze the impact of potential consumer conversion rate and consumer
patience on the two-stage pricing strategy, according to the research of Yiangos and
Savva [24], we set K = 0.05, € = 0.3, 0.6, 0.9 and draw the images of the two-stage
pricing strategy of short-term crowdfunding and long-term crowdfunding, as shown
in Figs. 5 and 6. From left to right indicates the situation when &€ = 0.3, 0.6, 0.9.
(24]

It can be found from the figure that:

(1) Whether it is short-term crowdfunding or long-term crowdfunding, the optimal
pricing in the first stage (crowdfunding stage) and the second stage (general sale
stage) increases first and then decreases with the increase of conversion rate,
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6 impact of conversion rate and patience on pricing strategy under long-term crowdfunding

and there is a turning point in the middle. This is consistent with inference 1. On
the left side of the inflection point, the conversion rate of potential consumers is
relatively small and the consumer group is small, so it is necessary to formulate
lower crowdfunding pricing to achieve the goal of minimum starting capital; As
the conversion rate increases and the consumer base increases, the crowdfund-
ing price can be appropriately raised. At this time, although the overall market
demand has declined, the enterprise profit can be increased on the premise of
meeting the minimum starting capital. On the right side of the inflection point,
the optimal crowdfunding price is not constrained by the start-up capital. At this
stage, more high-priced consumers can be attracted. Enterprises can appropri-
ately reduce pricing and expand sales at the crowdfunding stage to obtain greater
profits.

The higher the degree of patience, the more left the turning point. At this time,
as the degree of patience increases, the higher the consumer valuation, and the
optimal crowdfunding price is constrained by the starting capital, the require-
ment for the minimum conversion rate is reduced, and the value range of the
conversion rate that can get the analytical optimal solution will increase, and the
turning point will be more left.

Whether it is short-term crowdfunding or long-term crowdfunding, the higher the
degree of patience, the higher the optimal pricing in the first stage (crowdfunding
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stage). This is consistent with inference 2. Because the more patient consumers
are, the more consumer surplus can be extracted. Enterprises can make more
profits by appropriately raising the price of crowdfunding.

6.2 Duration decision of crowdfunding from the perspective of startup funds

Start-up funding is a practical problem that enterprises need to consider in crowd-
funding. If the funds raised in the first stage cannot meet the start-up fund standard,
the crowdfunding project will fail. This section will analyze what kind of crowd-
funding time decisions enterprises should make to meet the requirements of target
start-up funds.

Let e = 0.3, 0.6, 0.9, according to inference 3, we can draw the partition of long-
time crowdfunding and short-time crowdfunding on the conversion rate (see Fig. 7).
Among them, the upper limit of long-term crowdfunding start-up funds is high in
the region I, and the upper limit of short-term crowdfunding start-up funds is high in
the region II.

Compared with figure (a), figure (b) and figure (c), it can be found that when the
patient degree is small, the area of region II is larger; With the increase of patience,
the area of the region I increases, that is, the upper limit of long-term crowdfunding
start-up funds is higher than that of short-term crowdfunding start-up funds.

Therefore, in order to meet the requirements of start-up funds, enterprises often
choose short-term crowdfunding when they are less patient; When the degree of
patience is large, it is more likely to choose long-term crowdfunding. This is because
when consumers are less patient, the longer the crowdfunding time, the more likely
consumers are not willing to wait, and the more customers are lost in the crowd-
funding stage. Therefore, there are more cases where the upper limit of short-term
crowdfunding is higher than that of long-term crowdfunding, and short-term crowd-
funding is more suitable. With the improvement of consumers’ patience, the disad-
vantage of long waiting time for crowdfunding is no longer obvious. The advantage
of long-time crowdfunding with a high conversion rate is highlighted, which can
attract more potential consumers to participate in the first stage. Therefore, the upper
limit of long-term crowdfunding is higher than that of short-term crowdfunding, and
long-term crowdfunding is more suitable.

6.3 Duration decision of crowdfunding from the perspective of profit

In order to maximize profits, enterprises should make what kind of crowdfunding
time decision. This section will discuss how patience and conversion rate affect
crowdfunding time decisions from a profit perspective.

Since the conversion rate of long-term crowdfunding must be higher than that
of short-term crowdfunding, that is 4, > A, referring to the research on the rela-
tionship between conversion rate and time in the existing paper [9] and the real-

ity, two situations are analyzed here. (1)4; = 1.64,4, € (0,§>.The conversion
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Fig. 7 impact of starting capital ceiling on crowdfunding time decision

rate is a concave function with respect to time; (2)4; = 24,4, € (0, %).The con-

version rate is a linear function with respect to time[9] .

According to the optimal profit function (proposition 1 and Proposition
2) of long-time crowdfunding and short-time crowdfunding, we set K = 0.05
,£=0.3,0.6,09 and draw the profit changes of long-time crowdfunding and
short-time crowdfunding under different conversion rates, as shown in Fig. 8.
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Fig. 8 Effect of the conversion
rate on time decision
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By comparing the three images, it can be found that the profit gap between long-
term crowdfunding and short-term crowdfunding is large when consumers’ patience
is different.

(1) Figure (a) shows that when the patient degree is small, the short-term crowdfund-
ing profit is higher in general, because when the patient degree of consumers is
low, the long-term crowdfunding will lose a large number of customers. How-
ever, when the conversion rate is small to a certain extent, short-term crowd-
funding is unlikely to succeed. At this time, only long-term crowdfunding can
be selected.

(2) Figure (b) shows that when the degree of patience is slightly greater, the profit
advantage of short-term crowdfunding over long-term crowdfunding gradually
weakens. When the conversion rate is large, select short-term crowdfunding, and
when the conversion rate is small, select long-term crowdfunding.

(3) Figure (c) shows that: when the patient degree is large, choosing long-term
crowdfunding is always more profitable, because consumers are more patient
at this time. Choosing long-term crowdfunding can improve product exposure,
attract more potential consumers to participate in the first stage of crowdfunding,
and thus improve the total profit.

7 Conclusions and managerial implications

According to the impact of crowdfunding time on the characteristics of consum-
ers, this paper introduces two variables: the patience of potential consumers and the
conversion rate of potential consumers to build a mathematical model, considers the
starting capital constraint to solve the optimal pricing, and analyzes the choice of
crowdfunding time in different situations. The results show that: @ the impact of
conversion rate and patience on crowdfunding pricing decision: with the increase of
conversion rate of potential consumers, the optimal pricing in both stages increases
first and then decreases; As consumers’ patience increases, the optimal pricing in
the first stage (crowdfunding stage) is higher. @ The impact of the start-up capital
constraint on the time decision of crowdfunding: in order to meet the requirements
of the minimum amount of financing for enterprises, when consumers’ patience is
low, enterprises should choose short-term crowdfunding; When consumers’ patience
is high, enterprises should choose long-term crowdfunding. ® The impact of profit
on crowdfunding time decision: if the total profit is considered to be increased and
the patience of consumers is small, the general profit of enterprises choosing short-
term crowdfunding is higher; When consumers’ patience is moderate, they should
flexibly choose long-term crowdfunding or short-term crowdfunding according to
the conversion rate of potential consumers, that is, choose long-term crowdfund-
ing when the conversion rate is low, and choose short-term crowdfunding when the
conversion rate is high; When consumers are more patient, enterprises always have
higher profits when they choose long-term crowdfunding.

In business practice, under the condition of a moderate conversion rate of con-
sumers, enterprises with the goal of raising the minimum starting capital can
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appropriately raise prices and raise the amount of financing; When the conversion
rate of consumers is very high, enterprises aiming at obtaining more profits can
appropriately reduce prices and expand the market. It is similar to the view in
previous literature that crowdfunding is a tool for price discrimination [18] [34].
Based upon user experience working with thousands of crowdfunding campaigns
on Kickstarter or Indiegogo, 93% of crowdfunding backers choose to purchase in
the crowdfunding stage for rewards rather than for instant access. In order to get
project fully funded as quickly as possible, enterprise can offer a carefully-limited
number of rewards at “early-bird” discount prices. Some campaigners even pre-
sent not a single “early-bird” discount but a series of diminishing ones.

Enterprises should make decisions on long-term crowdfunding and short-term
crowdfunding according to the characteristics of consumers. Major studies have
used subjective ratings [39] to measure consumer patience. According to stats
released by Kickstarter in March 2019, over 67 percent of backers are new users
lack of specific expertise, and they are subject to herding behavior. Products with
short life cycles and fast renewal can not meet the preferences of all consum-
ers, so consumers’ patience is low. For crowdfunding of such products, it is more
common for enterprises to choose short-term crowdfunding and consumers to
choose to participate in crowdfunding. Besides, there is evidence that projects in
Kickstarters lasting any longer than 60 days are rarely successful. The platform
recommended setting project to run for 30 days or less. Campaigns with shorter
durations often have higher success rates, and create a helpful sense of urgency
around project. To improve the success rate of crowdfunding projects, enterprises
should give priority to short-term crowdfunding. In other words, when consum-
ers’ patience is low or the success rate of project is low, choosing short-term
crowdfunding can expand market demand and increase success rate. Products
with long product life cycles and a high degree of personalization tend to have
high user stickiness, such as game users and enthusiasts of electronic products,
so consumers are more patient. For crowdfunding of this type of products, enter-
prises choose long-term crowdfunding, which can obtain more potential users in
the market without losing viscous users. Therefore, enterprises can use the net-
work effect to expand market demand and improve enterprise profits.

Combined with the complexity of actual crowdfunding, this paper puts forward
the possible research directions in the future: (1) At this stage, crowdfunding is
mostly initiated by relying on the Internet, so considering the network charac-
teristics of crowdfunding participants can further expand the application scope
of the model; (2) With the development of crowdfunding platforms, third-party
platforms will also have an impact on the decision-making of enterprises’ crowd-
funding projects. In the future, the model can be extended to consider third-party
crowdfunding platforms.
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There is growing public concern about the welfare of farm animals, and farm animal welfare can be considered
an ethical attribute of product quality. This paper elicits consumers' willingness to pay (WTP) for animal welfare
attributes in pork products using a choice experiment (CE) in China. Consumers are willing to pay a premium of
13.923 to 18.493 CNY/500 g for more desirable product attributes in terms of animal welfare, branding, humane
slaughter, and environmental friendliness. There is a complementary relationship between ethical morality in

public policy and animal welfare farming. The findings of the study contribute to an increasing understanding of
consumer preferences for animal-friendly products in emerging countries. A wide range of relevant, practical
initiatives to help promote animal welfare development are needed in China, by strengthening the education of
ecological ethics and animal welfare ideology, establishing an animal welfare security system by global stan-
dards, and optimising contractual arrangements for the value chain of animal-friendly products.

1. Introduction

The coronavirus (COVID—19) outbreak has triggered reflections on
their relationship between humans and nature (Zhang & Xu, 2022).
Societal attitudes towards animals are changing and a very high pro-
portion of the people believe that welfare is important for both animals
and humans (Maria, 2006). As a matter of fact, the public are showing
more concern for the animal welfare, particularly in the domain of food
production (de Queiroz et al., 2018; Schuck-Paim, Negro-Calduch, &
Alonso, 2021). Farm animals, which are raised for the purpose of human
consumption, provide proteins and other essential nutrients for human
diets and deserve humane treatment, including respect, care, and hu-
mane slaughter (Phillips et al., 2010). For example, farm animals should
be treated with animal welfare in mind and entitled to their five free-
doms along the supply chain including the logistics and production
processes, and this involves much more than good feeding. Many con-
sumers hold that animal welfare and other social and moral attributes
should be taken into account (Boogaard, Oosting, & Bock, 2006; Tonsor,

Olynk, & Wolf, 2009; Van Loo, Caputo, Nayga, & Verbeke, 2014).
Animal welfare is recognised as an important attribute of high-end
and high-quality food in the evolving livestock industry. Numerous
studies in animal science have revealed a direct relationship between
better animal welfare and higher-quality meat. For example, high wel-
fare animals with less stress produce more palatable meat, and they also
produce better milk, eggs, or wool, etc. Anderson and Barrett (2016)
found that meat paired with factory farm descriptions looked, smelled,
and tasted less pleasant than meat paired with humane farm de-
scriptions. It implies that individual beliefs or values about how animals
are raised can influence the consumers' eating experience. In fact, ani-
mal welfare is not only an important quality attribute of food products
(Ortega, Hong, Wang, & Wu, 2016), but it is also indicative of human
conscience and ethical norms (Bodur, Gao, & Grohmann, 2013). Wang
and Gu (2014) argued that animal welfare products possess the char-
acteristics of both private goods and public goods, which constitute the
underlying economic attributes of farm animal welfare; the same au-
thors also noted that consumers' willingness-to-pay (WTP) for animal
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welfare products may in essence originate not only from their self-
interest tendencies, but also from their altruistic tendencies of con-
sumers, or a combination of both. Hence, the willingness to pay a pre-
mium for animal welfare products may indicate consumers' altruistic
tendencies, showing their humanitarian concern for animals.

Higher animal welfare products normally mean higher production
costs, as animals require better feeding, care, housing and transport
conditions, among other things. The additional costs are passed on to the
consumers. A meta-analysis concluded that WTP for animal welfare
could be viewed as relatively non-species specific (Lagerkvist & Hess,
2011), or consumer preference for animal welfare are product- rather
than animal-specific (Olynk & Ortega, 2013). It is expected that con-
sumers will pay more attention to food safety and environmental risks
arising from meat production processes, and are willing to pay extra for
meat products with such attributes as animal welfare, health, and
environment-friendliness from the intensive production systems (de
Passille & Rushen, 2005; Lai, Wang, Ortega, & Olynk Widmar, 2018;
Liljenstolpe, 2008). A survey found that 34% of Australian respondents
were willing to pay an additional 5% to 10% for animal products in
conformity with the Five Freedoms of Animal Welfare (Taylor & Signal,
2009). A US study reported that the average consumer was willing to
pay about 20% higher for pork and egg labelled as products without the
use of gestation crates for pigs or cages for laying hens (Tonsor & Wolf,
2011).

Hog farming has been an important sector and the cornerstone of the
animal husbandry industry in China. Topics related to pig welfare will
likely gain traction among researchers and decision-makers alike. Since
the 1980s, meat production in the country has been gaining strong
momentum, with pork accounting for the biggest proportion (see Fig. 1).
Despite the African swine fever in 2018 causing public panic and a drop
in pork production, the output of pork in 2020 still reached 41.13
million tons, making up about 53.08% of total meat production.’ It can
be seen that the pig industry provides an important source of protein for
Chinese residents. In 2014, China introduced the first set of farm animal
welfare standards, Farm Animal Welfare Requirements: Pigs. Soon, a
widening range of animal-friendly products will be available to meet the
consumers' demand in China.

Previous research has confirmed consumers' willingness to pay price
premium for farm animal welfare products in China. Although over 60%
of respondents had never heard of the concept of animal welfare in
mainland China (You, Li, Zhang, Yan, & Zhao, 2014), Wang and Gu
(2014) found that respondents were willing to pay 16.2% higher for
animal-friendly products without being informed of the link between
animal welfare and meat quality and to pay 21.3% higher when given
with the related information based on a survey in Jiangsu province.
Ortega, Wang, Wu, and Hong (2015) compared the differences in con-
sumer preference for animal welfare products from various retail
channels in Beijing. Their study found that consumers were willing to
pay a premium of 3.68 CNY per kilogram for pork with animal welfare
attributes at domestic supermarkets. Most of these studies focus on
Chinese consumers' attitudes towards and willingness to pay for animal
welfare products. There is a lack of empirical research on consumers'
motivation behind their preferences for animal welfare attributes in
products available in China.

Studies have shown that most values are often associated with the
direction of food choice motivation (De Boer, Hoogland, & Boersema,
2007) and that individuals' values can be used as a good predictor of
animal welfare consumption preference (Sonoda, Oishi, Chomei, &
Hirooka, 2018). In fact, many concepts, phrases, proverbs and sayings in
the Chinese culture have been widely recognised to be full of ecological
wisdom and passed on for generations, or even for centuries. "Unity of

heaven and human" "inherent value" and "natural order of things under

1 Source: 2020 China Statistical Yearbook.
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the heaven'” are just a few examples of such longstanding concepts.

Therefore, the objective of this paper is to shed a new light — from an
ethical perspective — on consumers' motivations to purchase welfare-
friendly pork.

The main contributions of the present study cover the following as-
pects. Firstly, this study adds to a limited CE literature examining
preferences for animal welfare and provides an estimation of Chinese
consumers' willingness to pay (WTP), which extends the understanding
of how consumers in emerging countries value the attributes associated
with animal welfare. Secondly, consumer preference for pork with ani-
mal welfare attribute is explored from the ethical perspective using
Random Parameter Logit (RPL) models. It helps stakeholders to better
understand the basis of payment premium and consumption of pork
products with animal welfare attribute. And finally, the findings of this
study can also provide theoretical support for cultivating the high-end
animal product market and provide guidelines for upgrading the pro-
duction structure of the animal husbandry industry in emerging coun-
tries like China.

2. Material and methods
2.1. Research design

2.1.1. Choice experiment design

Considering that fresh lean pork is widely accepted by the vast ma-
jority of consumers, we chose it as an option for respondents in the
shopping scenario. The quality of pork depends on many factors,
including not only intrinsic characteristics such as colour, smell,
tenderness, and nutrition, safety, appearance, convenience (Lebret &
Candek-Potokar, 2022; Wu, Wang, Zhu, Hu, & Wang, 2015), but also
attributes based on eco-ethical standards such as animal welfare and
environmental protection (Edwards, 2005; Gaviglio & Pirani, 2015).

Animal welfare should be conceived as an element of the agro-
ecosystem that encompasses the entire logistical process from the farm
of origin to the final product as well as the entire process of on-farm
rearing, transport of the animals and slaughter at the abattoir. As the
standards of animal welfare vary greatly from process to process, we
focused our study on the welfare of animal farming like other re-
searchers such as Li et al. (2017) and Denver, Sandge, and Christensen
(2017). Humane slaughter is an important aspect for the public to show
their tenderness to animals. Many western developed countries, such as
the US and the UK, have enacted laws that mandate more humane
slaughtering of animals for human consumption. Protection of the nat-
ural ecological environment has been highly valued in recent years and
the Chinese market has a high perception of environmental impact.
Consumers can become an important positive contributor to a sustain-
able society by choosing healthy foods that meet environmental and
social ethical standards (Ghvanidze, Velikova, Dodd, & Oldewage-
Theron, 2016). Therefore, drawing on previous studies, animal wel-
fare farming, humane slaughter, and environmental friendliness were
chosen as the eco-ethical attributes in the present study.

Due to the limited information about pork production available at
domestic supermarkets or wet markets, brand is an important consid-
eration for consumers. In order to make the CE closer to reality, brand
was included as one of the product characteristics. The price attribute
consisted of three levels, using the average prices of lean pork in
Guangzhou's large, medium and small-sized supermarkets, wet markets,
and three major online fresh markets in China (JD Fresh, Suning
Commerce, Fresh Hema) in February 2020. In the design, marketing
pricing strategies were also taken into consideration. For example, while
pricing at 49.9 or 50 CNY may have little impact on the sellers, 49.9 CNY
would be perceived by the consumers as much cheaper than 50 CNY
which is a round number. The characteristic attributes and levels of pork

2 “RAE— “KBME” “KiEELE” in Chinese.

166


https://fresh.jd.com/
https://www.suning.com/
https://www.suning.com/
https://www.freshippo.com/

Y. Liang et al. Meat Science 195 (2023) 108994
100 A
88.18
90 A 77.48
80
70 A
60 4
50 A
40 A
30 4
20 4
Meat
10 1 Pork, Beef and Mutton
e=ir=Pork
1980 1985 1990 1995 2000 2005 2010 2015 2020

Fig. 1. China's meat production (in million tons).
Source: National Bureau of Statistics, China.

are shown in Table 1.

The choice experiment (CE) is a survey-based method designed with
questions to elicit information on consumers' product preferences at the
attribute level. These questions, called choice tasks, comprise two or
more alternatives described by combinations of different product attri-
butes. Respondents were presented with a series of choice tasks, which
differ by the attribute's levels, and then asked to select an alternative. In
this study, we selected five attributes as pork quality characteristics. A
total of 2 x 2 x 2 x 2 x 3 = 48 possible product options were available
based on the above product attributes and their levels. Accordingly, 48
x 47 = 2256 product combinations or choice sets would be generated.
Having three or more factors involved in the experiment might result in
interactions between factors and increase the workload or complexity,
making the experiment too difficult to implement. Accordingly, 12
choice sets were designed to estimate consumers' utility of pork attri-
butes based on a D-optimal fractional causal analysis experimental

Table 1
Pork attributes and levels used in discrete choice experiment.

Attribute Description Level

Farming practices that provide farm animals
with comprehensive physical and mental care
during the breeding process, including good
feeding, good housing, good health and
appropriate behaviour.

The brand name that distinguishes one
supplier's pork products from those of others.
Gentle care given to pigs prior to slaughter and
techniques to make the process of slaughter
(including transportation, slaughtering
facilities, etc.) more humane, and thereby
reduce the excessive stimulation and pain of
pigs.

The process of pork production causing
minimal or no pollution to the surrounding
environments such as air, water and soil.
Prices at which people usually buy fresh lean
meat in supermarkets or wet markets (CNY/
500 g).

Welfare Farming Yes, no.

Brand Yes, no.

Humane Slaughter Yes, no.

Environmental

. . Yes, no.
Friendliness ’

49.9,
59.9,
69.9.

Price
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design by using the Ngene 1.2.1 software package.’ The choice sets were
divided into two groups, each with six choice tasks in order to reduce the
probability of selection fatigue.

In the choice experiment, each choice set included two hypothetical
alternatives and an opt-out or “no purchase” option, which made the
experiment closer to reality. The purchase scenarios were randomly
assigned to respondents based on the parity (singular or double) of the
last digit of their mobile phone number. Furthermore, the order in which
the choice tasks were presented was randomised to mitigate any
ordering effects. In order to avoid the interference of different choice
scenarios on the respondents and to ensure data quality within an
acceptable range, the respondents were presented with only one choice
scenario each time and made to stay in each choice scenario forno <12's
during the experiment. Meanwhile, in order to reduce the impact of
hypothetical bias, a cheap talk strategy was used to inform respondents
of the hypothetical bias prior to completion of the selection task
(Cummings & Taylor, 1999). Fig. 2 shows a sample of the choice sets.

2.1.2. Survey design

The consideration of animal welfare is highly dependent on regional
levels of economic and social development. Animal welfare may be more
appealing in economically developed regions. Guangdong province (see
Fig. 3) was selected as the survey area for the following reasons. Firstly,
Guangdong is at higher levels of economic and social development, and
has retained its place as the top province with the highest GDP in China
for 33 consecutive years, with its GDP reaching approximately 1.92
trillion USD” in 2021. Guangdong's per capita disposable household
income was 50,257 CNY or 7678 USD® in 2020, higher than the national
average (32,189 CNY). The Engel coefficient® of Guangdong stood at
33.21%, close to the UN well-off line, better than that of Beijing
(20.97%) and Shanghai (25.68%). With better performance than the
national average in terms of various economic and social indicators,
Guangdong stands out as more representative of the developed regions
in China. Secondly, Guangdong, adjacent to Hong Kong and Macao, is

3 Retrieved January 1, 2021, from http://www.choice-metrics.com.

4 Exchange rate: 1 USD/CNY 6.1798, December 31, 2021 (CFETS).

5 Exchange rate: 1 USD/CNY 6.5458, December 31, 2020 (CFETS).

6 Engel coefficient = Per Capita Food Consumption Expenditure (in CNY) /
Per Capita Consumption Expenditure (in CNY).
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Attributes

Pork B

Welfare Farming X N,
Brand N X
Humane Slaughter X N,
Environmental Friendliness v X
Price 49.9 CNY/500 g 59.9 CNY/500 g
I will buy: A. Pork A B. Pork B C. None of these pork

Fig. 2. A sample of the choice sets.
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Fig. 3. Location of Guangdong province in mainland China.

Map Source: Amap.com. Data Source: National Bureau of Statistics of China. National data do not include data of Hong Kong, Macao and Taiwan. Data shown in the

figure are for 2020.

the most vibrant province in opening up to the outside world, and apt to
understand, discuss, and embrace new ideas and concepts like animal
welfare. This receptive attitude can better predict China's future focus on
animal welfare. Thirdly, Guangdong people (also known as "Cantonese
people") are widely recognised as "truly discerning gastronomes" in the
country, with Guangdong cuisine (better known as "Cantonese cuisine")
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being among the Eight Great Cuisines of China. This good reputation, in
turn, means that Cantonese people may pay more attention to pork
consumption. All of the above-mentioned facts and observations helped
to control unobserved factors that were not clearly controlled, such as
household food supplies, regional tastes, diet and other cultural factors.

Face-to-face surveys may significantly increase investigation costs
and lead to the deviation caused by interviewees' limited cognitive re-
sources including time and energy during the survey. Due to the COV-
ID—19 quarantine and isolation rules, the questionnaires were
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conducted online through Wenjuanxing,” the largest online survey
platform in China. The platform recruits and maintains a group of
consumers who participate in surveys from time to time with small in-
centives. Participants will randomly receive email invitations and URLs
of the survey, and subsequently receive their rewards in the form of
credits that can be converted to vouchers for shopping. Participation in
each investigation is voluntary. A standardised set of instructions are
compiled by the researchers, including the purpose and significance of
their study.

This survey was anonymous and ethical approval had been granted
by College of Economics & Management, South China Agricultural
University. The following criteria were used to target the qualified re-
spondents: They are in charge of purchasing fresh food for their families,
they personally consume pork products, and they are over 16 years old.
The survey data collected included the consumers' demographic back-
ground, ethical and moral cognition, and their pork consumption
behaviour, among other things. Choice experiments were conducted on
the selection of fresh lean pork to obtain consumers' WTP for pork with
animal welfare and other quality attributes.

In February 2020, a pilot survey was conducted among 90 consumers
who were the principal purchasers of family food. In the pre-test, most
respondents had stated that they did not know about the "animal wel-
fare" concept. Hence, we provided clear definitions of farm animal
welfare and products with this particular attribute in the instruction part
of the formal questionnaire. Based on the feedback and suggestions from
sample consumers, we rephrased the questionnaire to make it more
concise and easier to understand, removed survey questions inconsistent
with the local situation, and added some more valuable questions.

The formal survey was conducted in March 2020 and a total of 1637
questionnaires were collected. Using completeness and quality of in-
formation as the screening criteria, we eliminated invalid questionnaires
where crucial information or logical basis was missing. Respondents
with monotonous response behaviour were also excluded because they
might not have thoroughly read the questions but completed the survey
only for the rewards. A total of 1274 valid questionnaires were finally
obtained, with 7644 choices (1274 respondents x 6 choice sets)
completed. The effective rate of the survey was 77.83%. All statistical
analysis was carried out using the software package Stata 16.0 (Stata
Corp. 2019, Stata Statistical Software: Release 16, Stata Corp LLC).

2.1.3. Statistical analysis

Discrete selection model has become an important tool to study
consumer demand and to inform marketing strategy and food policy.
Evaluation of consumer choice behaviour can help estimate the mar-
ginal value of various characteristics embodied in different commod-
ities. In the literature on agriculture and applied economics, this method
was adopted to analyse Chinese consumers' food safety concerns
(Ortega, Wang, Olynk, Wu, & Bai, 2012; Phillips et al., 2010), country-
of-origin labels (Ortega et al., 2016; Ying, Huihui, Goodman, Shangwu,
& Huiqin, 2009), product traceability (Bai, Zhang, & Jiang, 2013; Wu
et al., 2017; Wu, Liang, & Chen, 2020; Xu & Wu, 2010; Yuan, Wang, &
Yu, 2020), organic or green food certification (Tariq, Wang, Tanveer,

7 Wenjuanxing (www.wjx.cn) has released 125 million questionnaires and
collected 9.923 billion questionnaires from respondents as of July 2021. By
recruiting and maintaining a clientele, the sample service provider can some-
times offer consumers rewards for participating in surveys. The rewards offered
to participants are credits that can be accumulated and redeemed for retail
vouchers. Emails with a link to the survey are sent to participants randomly and
based on the researchers' requirements for the sample. Participation of each
investigation is voluntary. Researchers can contact the sample provider, send
the latter their survey and pay certain fees for access to consumers who are
readily available to participate in their online survey. The fees depend on
complexity of the questionnaire and duration of the survey as well as the
required characteristics and number of the consumers.
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Akram, & Akram, 2019; Yu, Gao, & Zeng, 2014; Zheng, Li, & Peterson,
2013), animal welfare (Lai et al., 2018; Ortega et al., 2015) and the
welfare effect of food policy (Wahl, Seale, & Bai, 2018).

Traditional literature assumes that consumer preferences are ho-
mogeneous, thereby it can be estimated using the conditional Logit
model (McFadden, 1974; Train, 2009). However, consumer preferences
are heterogeneous in reality (Wedel & Kamakura, 2012). In a body of
literature on discrete choice models, different methods are used to
model or explain preference heterogeneity. A commonly used method is
to estimate the RPL model, also known as mixed Logit (Train, 2003). For
food selection models, if the price coefficient is limited to a fixed range
(e.g. estimating the RPL model in preference space), then when the
change of actual scale exceeds the observed value, the change of scale
will be mistakenly attributed to the WTP change of product character-
istics. Hence, we estimated the RPL model in the WTP space which
allowed variations on the price coefficient and directly estimated the
distribution of WTP (See the full estimation methods and econometric
models in the Appendix I for additional details).

2.2. Descriptive statistics

2.2.1. Sample characteristics

Table 2 reports the sample characteristics of the survey. The lack of
reliable urban consumer demographic data (Ortega et al., 2012) hinders
a clear comparison with our sample, thus making it challenging to
establish how representative our sample might be. Nevertheless, official
data available did show the female proportion of Chinese residents
(48.76%), their average age (38.8 years), household disposable monthly
income (32,189 / 12 = 2682.42 CNY), and the ratio of education with a
college degree or above (15.47%) as of 2020.

In our study, the respondents spanned a wide range of industries,
including but not limited to healthcare, science and technology, edu-
cation, culture, business and government. Over 60% of respondents
were female, which was in line with the fact that more women were
responsible for the family diet. The average age of the respondents was
about 32 years, and >65% of them had received higher education.
Nearly 70% of the respondents' household income was between 6000
and 24,000 CNY per month. Our sample characteristics were consistent
with that of Beijing surveyed by Lai et al. (2018), whose study included
fewer samples.

In comparison to the Chinese population, our sample was younger,
better educated, and better off financially. However, we argue that our
sample can be considered fairly representative of the high-end super-
market consumers, who may be more likely to accept the idea of animal
welfare and have more access to information that might drive changes in
production systems.

2.2.2. Pork consumption habits

With regards to consumption habits, Table 3 shows that over 80% of
respondents buy pork more than twice a week, and approximately 15%
do it daily, indicating the importance of pork in consumer diet. Over
50% of respondents purchase >500 g of pork per time. Wet markets are
the top source of meat products for consumers (82.34%), followed by
large supermarkets (51.65%), small and medium-sized supermarkets
(32.34%). Although our survey was carried out during the COVID—19
epidemic, only a minority of consumers order meat online, accounting
for <7% of the total respondents. The possible reason for this is that
online stores such as Fresh Hema and Wal-mart deliver their fresh meat
(and produce) only to customers located within half an hour's drive or
one kilometre from their premises, in order to ensure the hygienic
condition and preservation of their products.

In recent years, especially since the outbreaks of African swine fever
in 2018, China's pork imports have been constantly on the rise, with the
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Table 2
Socio-demographic characteristics of the sample.
Consumers Residents
Guangdong  Shanghai Beijing China
Source Our survey Lai et al. Lai National
(2018) et al. Bureau of
(2018) Statistics,
China (2020)
Study object Pork Pork Pork -
Sample size 1274 221 259 1.41 billion
Female (%) 62.48 68 63 48.76
Average age (in years) 32.25 43 33 38.8
Education level (%)
Primary school and 0.55 4 4 34.92
below
Junior high school 5.18 34.51
High school ' 43 19
(secondary vocational 10.08 15.10
school)
College (higher 16.64 20 19
vocational school)
Undergraduate 54.00 24 49 15.47
Graduate students and 13.58 9 9
above
Number of family members dining together (%)
2 people and below 17.04
3 people 24.88
4 people 26.14
5 people 21.11
6 or more people 10.83
Monthly household income (%)
< 6000 CNY 17.03 27 36
6000-12,000 CNY 33.28 43 38
12,000-18,000 CNY 20.88 12 15
18,000-24,000 CNY 13.34
24,000-30,000 CNY 8.01 18 12!
> 30,000 CNY 7.46
Occupation (%)
Personnel from
healthcare, science 11.62
and technology,
education and culture
Business staff 28.89
Gc-a\fernment and 12.32
military personnel
Workers and farmers 10.91
Students 11.77
Ot}.1er (including 29.92
retirees)
Animal-related work (%) 5.18
Raising pets at home (%)  23.86

! percentages may total >100% because of rounding.

deficit going up from 13,309 million CNY in 2017 to 63,228 million
CNY.® When purchasing pork, consumers are most concerned with
freshness (89.40%), followed by price (58.40%), colour (51.18%), pig
varieties (19.00%), feeding methods (17.19%), convenience of purchase
(16.64%), as well as brands (13.11%). It can be seen that consumers still
mainly rely on their own experience when purchasing pork. The reasons
for this may include the limited availability of pork product information
in China and the lack of consumer confidence in the products. Therefore,
consumers continue to use their experience and stick to "seeing is
believing".

2.2.3. Consumer ethics and morality

When investigating one's ethical and moral status through self-
reporting, a potential problem is that respondents may try to respond
in a way more in line with social expectations, thereby increasing so-
cietal approval. Johansson-Stenman (2018) argued that animal welfare

8 Source: General Administration of Customs of People's Republic of China.
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Table 3
Consumers' pork consumption habits.
Features Effective Features Effective
Percentage Percentage
(%) (%)
Frequency of pork Most concerned when
purchases per buying pork (multiple-
week choice)
1 time and below 17.35 Brand 13.11
2-3 times 47.65 Packing 1.81
4-5 times 20.33 Origin 5.73
Almost every day 14.68" Pig breeds 19.00
Pork quantity per
purchase (}; 00 ) Freshness 89.40
<0.5 10.28 Pork colour 51.18
0.5-1 39.09 Feeding methods 17.19
1-2 37.29 Mode of transport 1.10
>2 13.34 Slaughtering methods 3.85
Purchase location Growth time of Pig 6.36
(multiple-choice)
Wet markets 82.34 Price 58.40
Small and Convenience of
medium-sized 32.34 16.64
purchase
supermarkets
Big supermarkets 51.65 Other 0.94
Online 6.99
Other 1.96

! percentages may total >100% because of rounding.

should matter intrinsically in public decision-making, and the intrinsic
value of animal welfare should be included in conventional welfare
economics. To ensure a higher level of objectivity in our measurement,
consumers' opinions on how great a weight should be given to animal
suffering in public decision-making were investigated to examine con-
sumers' ethical and moral values towards animals. The question was
based on a human-centred hypothesis and respondents were asked to
compare the weight per suffering unit for animals and for humans in
public decision-making. Following the practice of Johansson-Stenman,
we further divided respondents' views into six levels of propositions,
from "should not be taken into account at all’ to ‘should be highly
considered", assigning 1-6 points.

As shown in Table 4, only 24.6% of Chinese respondents believe that
animal suffering should be taken into account to the same extent as
human suffering, much lower than the percentage (49.3%) of their
Swedish counterparts in the survey conducted by Johansson-Stenman.
The majority (about 66.3%) of Chinese consumers hold that animal
suffering should be taken into consideration to some extent but given a

Table 4
Distribution of consumer opinions on the weight that should be given to animal
suffering in public decision-making.

Society can reduce the suffering of animals and humans through

Frequency (%)
various measures, but these measures can be expensive. Do you

think that animal suffering should be taken into account in China  Sweden
public decision-making?
A. Animal suffering should not be taken into account at all. 0.78 0.8
B. Animal suffering per se should not be taken into account, but
the fact that some people suffer when knowing about animal ~ 5.97 3.2
suffering should be taken into account.
C. Animal suffering should be taken into account to some
extent, but it should be given a much lower weight than 33.99 132
human suffering.
D. Animal suffering should be taken into account to a large
extent, but it should be given a lower weight than human 32.34 303
suffering.
E. Animal suffering and human suffering should be taken into
24.57 49.3
account to the same extent.
F. Animal suffering should be taken into account to a high 235 39

degree and given a higher weight than human suffering.

Note: The data of China are based on the survey in this study, and those of
Sweden are from the survey results of Johansson-Stenman (2018).
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Table 5
Regression results of the RPL model for animal welfare consumption preference.
Attributes Coefficient Std. Dev.
Welfare Farming 17.678*** —9.467%**
(1.013) (0.946)
Brand 15.376*** 21.299%**
(0.981) (1.114)
Humane Slaughter 13.923%** 9.969%**
(0.893) (1.141)
Environmental Friendliness 18.493*** 7.845%**
(1.012) (0.821)
Not to Buy —56.284*** —37.875%**
(1.661) (2.269)
Price / Scale —2.525%%* 0.612%**
(0.060) (0.052)
Wald chi2 2817.38
Log likelihood —5596.276
AIC 11,216.55

Note: Values with *** are statistically significant at the 1% level. Each number in
() is the standard error.

lower or much lower weight than human suffering. Only 0.78% of
Chinese respondents think that animal suffering should not be taken into
account at all. Therefore, the standard economic assumption that ani-
mals should be seen as tools has to be questioned, and it would be fair to
assert that Chinese consumers generally have good ethical beliefs about
animals.

3. Results
3.1. Consumer preference and its heterogeneity

Table 5 presents the regression results of the RPL model in the WTP
space. Empirically, consumers have strong preference for pork with
various attributes such as welfare farming, brand, humane slaughter,
and environmental friendliness. The premium price for pork with wel-
fare farming attribute is 17.678 CNY/500 g, slightly lower than that for
pork with environmental friendliness attribute (18.493 CNY/500 g),
followed by that for pork with brand attribute (15.376 CNY/500 g) and
humane slaughter attribute (13.923 CNY/500 g). The coefficients are all
statistically significant at the 1% level.

The standard deviations of four attributes, including welfare
farming, brand, humane slaughter, and environmental friendliness, are
significant at the 1% level, indicating that consumer preferences for the
attributes are heterogeneous. However, Ortega, Chen, Wang, and Shi-
mokawa (2017) found that consumers from Guangzhou had homoge-
neous preferences for pork with animal welfare and environmental
attributes, whereas those from Hong Kong had heterogeneous
preferences.

Fig. 4 presents individual-level (conditional) estimates of WTP for
the various attributes’ and intuitively shows the heterogeneity of con-
sumer preferences. It shows that consumers' preferences for the brand
attribute differ the most, indicating that consumers have yet to form a
unified understanding of brands. This may be due to the absence of
unified production standards in the livestock industry, making it diffi-
cult to achieve the brand effect. For example, on Jingdong,'’ consumers
can choose from many international brands such as Iberico (Spain),
HuaDong (Canada), Sam (American), Elpozo (Spain), Joselito (Spain),

9 Individual estimates are derived using the population distributions in
conjunction with consumers' observed choices over different choice sets. These
distributions represent an estimate of individual-specific preferences, condi-
tional upon observed choices and the distribution of preferences in the popu-
lation (Train, 2003).

10 Jingdong, also known as JD.com, Inc., (https://www.jd.com) is a leading e-
commerce platform in China, running its online fresh supermarket in addition
to its longstanding retail business.
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Cinco Jotas (Spain), Lamontanera (Spain), Senorio (Spain) and Iber
Bellota (Spain), in addition to domestic brands such as Muyuan,
Zhengbang, and Wens, just to name a few. In contrast, consumer pref-
erences for such attributes as welfare farming, humane slaughter and
environmental friendliness differ less, and these attributes may be more
representative for consumers to evaluate pork quality.

3.2. Ethics and animal welfare consumption preference

Interaction terms, including welfare farming variable and brand,
humane slaughter, and environmental friendliness variables, were
constructed and put into the baseline model for regression estimates.
Regression results of RPL models are listed in Table 6. Coefficients of the
interaction terms in Model (1) are positively significant at least at the 5%
level, indicating that the welfare farming attribute is complementary to
other attributes including brand, humane slaughter, and environmental
friendliness.

Animal welfare covers the whole process of on-farm rearing, trans-
port of the animals and slaughter at the abattoir. Thus, in order to
examine how ethical values affect consumer preferences for animal
welfare, interaction terms including consumer ethics and welfare
farming, ethics and humane slaughter were sequentially put into Model
(1) for regression estimates.

Results of Model (2) and Model (3) in Table 6 demonstrate that the
coefficients of the interaction terms are all significantly positive. This
indicates that improving consumers' ethical morality may increase their
recognition of welfare farming and human slaughter, and thus help
improve consumers' score utility and consumption confidence in pork
products with animal welfare attribute.

3.3. Ethics orientations and pork consumer segments

Lund, Denver, Nordstrom, Christensen, and Sandge (2021) identified
consumer segments on the basis of animal ethics orientations. Building
on their practice, we divided respondents into three types based on re-
spondents' opinions on the weight that should be given to animal
suffering in public decision-making: anthropocentrism,'’ animal pro-
tection,'? and animal rights,'® omitting the lay utilitarian orientation
because it primarily relates to extreme trade-offs between animal pain
and human benefits (Lund, Kondrup, & Sandge, 2019). It helps to further
explore consumer preference with different ethical and moral positions.

The regression results in Table 7 show that consumers with different
ethical views have significantly positive preferences for various attri-
butes including welfare farming, brand, humane slaughter and envi-
ronmental friendliness. Respondents with anthropocentric values are
willing to pay a premium of 6.563 CNY/500 g for pork with the welfare
farming attribute, while animal protection respondents are willing to
pay an additional 15.060 CNY/500 g, and animal rights respondents
44.516 CNY/500 g. All three types of consumers are also willing to pay
relatively high premiums for pork with the humane slaughter attribute,
namely 5.076, 11.064 and 35.409 CNY/500 g, respectively. The pay-
ment premiums for pork with the environmental friendliness attribute
are 6.731, 16.080 and 40.514 CNY/500 g, respectively.

1 On public decision-making, respondents with anthropocentric values hold
that "animal suffering should not be taken into account at all", or that "animal
suffering per se should not be taken into account, but the fact that some people
suffer when knowing about animal suffering should be taken into account".

12 On public decision-making, respondents with animal protection values hold
that “animal suffering should be taken into account to some or a large extent,
but it should be given a lower or much lower weight than human suffering”.

13 On public decision-making, respondents with animal rights as their values
hold that "animal suffering and human suffering should be taken into account to
the same extent", or that "animal suffering should be taken into account to a
high degree and given a higher weight than human suffering".
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Fig. 4. WTP (conditional) estimation of pork attributes at the consumer level.
Each dot represents an individual's expected WTP from conditional estimates.
Table 6
Regression results of RPL model of ethics and animal welfare preferences.
Attributes Model (1) Model (2) Model (3)
Coefficient Std. Dev. Coefficient Std. Dev. Coefficient Std. Dev.
Welfare Farming 3.579 5.329%%* —4.678 —0.644 —8.173** 7.977%%*
(2.970) (1.870) (3.816) (2.969) (3.762) (1.802)
Brand 11.413%** —20.383*** 12.240%** 21.040%** 12.550%** 20.443%**
(1.731) (1.3149) (1.702) (1.236) (1.704) (1.254)
Humane Slaughter 10.945%** —5.659*** 10.999%** 9.192%** —0.837 3.307
(1.590) (1.686) (1.589) (1.123) (2.637) (2.467)
Environmental Friendliness 11.265%** 5.235%** 11.944%** 6.112%%* 11.994%** 5.626%**
(1.798) (1.774) (1.856) (1.522) (1.789) (1.375)
Welfare Farming x Brand 8.328%** —14.739%** 6.902%* —8.934%** 6.482%* —13.319%**
(2.836) (2.597) (2.752) (2.518) (2.712) (2.342)
Farming x Humane Slaughter 6.048%* 9.681%** 6.323** —3.928 7.008%** 7.392%**
(2.856) (2.286) (2.788) (2.396) (2.752) (2.281)
Welfare Farming x Environmental Friendliness 14.742%** —11.979%** 12.936%** —7.796%** 13.596%** 13.333%**
(3.166) (2.435) (3.147) (2.389) (3.103) (2.299)
Ethics x Welfare Farming 2.474%** 2.306%** 3.340%** 1.127*
(0.667) (0.353) (0.660) (0.636)
Ethics x Humane Slaughter 3.106%** 1.456%**
(0.609) (0.364)
Not to Buy —68.954*** 38.516%** —66.707*** —38.787%** —66.419%** 37.619%**
(3.069) (2.678) (3.089) (2.791) (2.904) (2.621)
Price / Scale —2.626%** 0.464*** —2.612%** 0.516%** —2.628%** 0.390%**
(0.061) (0.058) (0.061) (0.057) (0.063) (0.063)
Wald chi2 2240.98 2391.87 2105.60
Log likelihood -5582.240 —5562.782 -5561.214
AIC 11,200.48 11,165.56 11,166.43

Note: Values with ***, ** and * are statistically significant at the 1%, 5%, and 10% levels, respectively. Each number in () is the standard error.

Fig. 5 intuitively shows the WTP for different pork attributes among
consumers with different ethical positions. The brand attribute is most
valued by anthropocentric respondents. A possible reason is that with
insufficient information provided, most consumers have to try to judge
the safety and quality of pork through their perception of the brand and
their own experience. Therefore, the identification and description of
the brand should be improved in terms of labelling and traceability.
Animal protection respondents value the environmental friendliness

172

attribute most. Animal rights respondents are willing to pay much
higher premiums than other consumers. Their favourite attribute is
welfare farming, followed by attributes of environmental friendliness,
humane slaughter and brand.

Table 8 shows the socio-demographic characteristics of the three
pork consumer segments. We identify statistically significant differences
regarding all four socio-demographic variables reported among the
segments. Anthropocentric respondents are mainly distributed in groups
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Table 7
Regression results of RPL model for the three consumer segments.

Attributes Anthropocentric Animal Protection Animal Rights
Coefficient Std. Dev. Coefficient Std. Dev. Coefficient Std. Dev.

Welfare Farming 6.563*** 7.324%** 15.060%** —5.841%** 44.516%** 25.711%**
(2.421) (2.045) (1.030) (1.013) (8.244) (5.894)

Brand 14.504%*** 16.534%** 14.493*** 18.759%** 28.372%** —31.199%**
(3.064) (2.222) (1.036) (1.157) (5.455) (5.973)

Humane Slaughter 5.076%* 6.812%** 11.064*** —5.542%** 35.409*** —22.080%**
(2.031) (2.229) (0.853) (1.135) (6.991) (4.920)

Environmental Friendliness 6.731%** 0.463 16.080*** 7.617%** 40.514%*** 13.354***
(2.041) (1.859) (1.035) (1.034) (7.618) (4.149)

Not to Buy —59.874*** 24.462%** —58.756*** —31.060%** —40.379%** 60.364***
(6.887) (5.130) (2.245) (2.503) (7.687) (14.804)

Price / Scale —1.928%** 0.801** —2.388%** 0.613*** —3.241%** 0.559%**
(0.300) (0.342) (0.076) (0.073) (0.213) (0.122)

Number of Experiments 516 5070 2058

Wald chi2 490.14 1491.19 666.77

Log likelihood —359.270 —3681.064 —1491.898

AIC 742.540 7386.127 3007.796

Note: Values with *** and ** are statistically significant at the 1% and 5% levels, respectively. Each number in () is the standard error.
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Fig. 5. Three segments of consumers' WTP for different pork attributes.

of male (58.14%), low-educated (43.02%), low-income (59.30%), and
older age (35.465). The socio-demographic characteristics of animal
protection respondents and animal rights respondents are more or less
consistent, mainly concentrated in female, moderately-educated, and
young age groups. The females show more concern for animal protection
(61.30%) and animal rights (70.55%) than the male. Interestingly, the
proportion of highly-educated respondents in the anthropocentric
segment (20.93%) is higher than those in animal protection and animal
rights segments (14.56%, 9.33%), while the proportion of the
moderately-educated in the animal protection (56.33%) and the animal
rights segments (52.77%) is higher than that in the anthropocentric
segment (36.05%). We note that income differences between the seg-
ments are relatively modest, and that no clear pattern emerges.

4. Discussion

In China, the world's largest emerging country, there are different
opinions among the public about animal welfare. “Why should we be
concerned with animal welfare when issues related to human welfare
remain unsolved?” This is the first question that the advocates should
answer. There are no easy answers to this question, but there are at least
two possible answers the literature provides. On the one hand, a large
number of experiments have proved that improving farm animal welfare
can help reduce the occurrence of infectious diseases (Deng, Mao, Feng,

Gao, & Yin, 2016), eliminate the risks of food safety, and improve the
quality of animal-derived products effectively (Boyle & O'Driscoll, 2011;
Phillips et al., 2010). On the other hand, the idea of animal rights is
different from that of animal welfare: The former is mainly about
advocating for equality between animals and humans, while the latter is
about advocating for humane use of animals and against any form of
animal abuse, with the proposition that animals should not suffer un-
necessary pain from human activities, which is consistent with the
traditional Chinese ecological ethics. Generally speaking, improving
animal welfare is conducive to the improvement of human welfare in
both the material perspective of food quality and the spiritual perspec-
tive of ethical requirements. Hence, more concern for animal welfare is
particularly necessary for the livestock industry in China.

The study finds that Chinese consumers have a fairly strong moral
identity and emotional demand when it comes to animal welfare. The
ethical relationship between human beings and other animals is a
philosophical issue that transcends the traditional humane treatment
(Phil, 1998). Fundamentally, people's moral concern for animals is also
the moral concern for human beings. Our survey also found that >80%
of respondents would feel bad when they saw animals being abused or
suffering. Avoiding animals' unnecessary suffering can not only solve the
problems of food quality and safety caused by the stress response by
suffering, but also meet the special emotional needs of people for animal
humanitarian care. The global outbreak of the COVID—19 epidemic in
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Table 8
Socio-demographic characteristics of consumers with the three pork consumer
segments (shares and mean (s.e.) and test of differences by Kruskal-Wallis).

Socio- Anthropocentric ~ Animal Animal p-Value (X2
demographics Protection Rights (df)
Gender
Male (%) 58.14 38.70 29.45 p < 0.001
Female (%) 41.86 61.30 70.55 52)2)4'510
Education’
Highly-
educated 20.93 14.56 9.33 p < 0.001
Moderately- (171.895
educated 36.05 56.33 52.77 @)
Low-educated 43.02 29.11 37.90
Income”
High-income 40.70 52.31 45.48 p < 0.001
Low-income 59.30 47.69 54.52 g;))l'623
.001
Age (in years) 35.465 32.006 32.047 1(31;00%(;
Mean (s.e.) (11.625) (9.666) (10.222) @) ’

! Education is classified into three categories: highly-educated (graduate and
above), moderately-educated (undergraduate) and low-educated (college,
higher vocational education and below).

2 Income is classified into two categories: high-income (monthly household
>12,000 CNY) and low-income (monthly household <12,000 CNY).

2020 provokes profound rethinking of the relationship between humans
and animals, and that between humans and the ecological environment.
The concept of harmonious development among humans, animals and
the ecological environment has been increasingly recognised by the
Chinese public. The study also finds that only 6.75% of consumers are
anthropocentric, while animal protection consumers account for
66.33% and animal rights consumers 26.92%. The public's strong con-
sumption preference for animal welfare products may become an
important incentive to promote farm animal welfare.

Furthermore, the study indicates a complementary relationship be-
tween consumer ethics and animal welfare preference, and positive eco-
ethics helps to improve consumer preference for products with the an-
imal welfare attribute. Though notably, consumers tend to exaggerate
their propensity to buy ethical products (Langen, 2013), consumers'
WTP for high welfare products may in essence originate not only from
self-interest tendencies, but also from altruistic tendencies of consumers,
or from a combination of both (Wang & Gu, 2014). At the point of
purchasing meat, the information of egoistic attributes, such as fresh-
ness, price, nutrition, production date, and variety, is a focus to most
consumers (Klink-Lehmann & Langen, 2019). While the information of
altruistic attributes, namely ethical attributes, such as transportation
process to slaughterhouses, breeding environment and slaughter con-
ditions, may become less important (Grunert, Bredahl, & Brunsg, 2004;
Klaus, 1997; Klink-Lehmann & Langen, 2019; Verbeke & Ward, 2006).

In general, there is a gap between consumers' WTP and actual pur-
chase behaviour for animal welfare products. One highly possible
explanation for this is that low income prevents them from doing what
they actually believe they should do in practice. However, providing
animal welfare information may become an important and indispens-
able strategy to better meet the differentiated needs of Chinese con-
sumers, regardless of their income. Probably, this is because products
with the animal welfare attribute can be regarded as credence goods
(Darby & Karni, 1973), and the production process information through
the identification of products, such as labels or certification, helps
consumers buy the proper products (Dimara & Skuras, 2005; Sans &
Sanjuan-Lopez, 2015). In this regard, meat retailers play a key role in the
purchasing behaviour of their customers and are the main source of
information for their buying selection (Miranda-de la Lama, 2013). It is
particularly important for retailers to explain the virtues of meat and its
origin, both of which may increase consumers' confidence in animal
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welfare products. However, one aspect that consumers would highly
value is the actual price charged by producers for the meat they are
buying. Dual labelling with the price at origin and the final price could
greatly affect the purchasing decision.

5. Conclusions and policy implications

The study empirically analyses the effect of ethical morality on an-
imal welfare consumption preference by discrete choice experiment.
There are several findings as below: consumers were willing to pay
13.923 to 18.493 CNY/500 g price premium for pork attributes that
regarded welfare farming, brand, humane slaughter and environmental
friendliness. Consumer preferences were significantly heterogeneous,
where the brand differed most, followed by humane slaughter, welfare
farming and environmental friendliness. There was a complementary
relationship between consumer ethics considering public policy and
animal welfare. It means that, the stronger the consumer ethics, the
higher the WTP for the animal welfare attribute. Overall, consumers
who held different animal ethics orientations have significant differ-
ences in their preferences and willingness to pay for welfare-enhanced
pork. There are several policy implications as below.

Firstly, education on animal welfare is needed. People who are
involved in animal welfare-related studies and activities may be
generally more committed to animal welfare. It is important to make the
public believe that animal welfare is an important issue. The govern-
ment can seek to strengthen the education of ecological ethics and an-
imal welfare ideology by means of media, organisation, education and
training, so as to better inform the decision-making process. For
example, it is advisable to teach humanism during compulsory educa-
tion to instill generally recognised ideas, concepts, and values about
animal protection and harmonious coexistence of humans and animals;
provide animal welfare courses in colleges, enterprises and institutions
in the field of animal husbandry offered to enhance the awareness of
animal welfare; and to further popularize the concept and practice of
moral consumption among the general public by means of media-based
publicity and education.

Secondly, a security system of animal welfare is necessary. Animal
welfare regulation is designed for preventative purposes and consists
mainly of requirements relating to interior house design and manage-
ment, i.e., resource- and management-based requirements, in order to
detect and limit welfare risks (Lundmark Hedman, Berg, & Stéen, 2021).
On one hand, a more systematic legal system should be established to
provide long-term guidance on animal welfare, e.g. to address the
regulation of aspects that affect all systems transversally: transport and
slaughter. On the other hand, it is necessary to incorporate animal
welfare into the industry production standards, which is helpful for
animal husbandry enterprises to optimise their production structures
and improve product quality. In addition, a system of farm animal
welfare certification should be set up to eliminate information asym-
metry, particularly in an emerging market. This is equally important to
ensure food quality as regards imports of pork and pork- products and
help increase the value and recognition of foreign agricultural products.
Tough mandatory labelling may lead to negative selections of low-
quality animal products, reducing consumers' choices. Mandatory
legislation on animal welfare can improve the social welfare by
increasing the private value of animal welfare products (Uehleke &
Hiittel, 2016).

Thirdly, an innovative contractual arrangement for the value chain
of the product is recommended. Farmers or enterprises are often bound
by contracts at the downstream production stage. It is necessary to
involve the slaughter and processing industries in the development of
animal welfare standards, so that farmers or enterprises have the op-
portunity to produce under higher animal welfare standards. At the
same time, compliance with higher animal welfare standards is a long-
term capital investment. Producers may be able to leverage the finan-
cial guarantees provided by the downstream industry, both to gain the
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Appendix I. Estimation methods and econometric models

According to the random utility theory (McFadden, 1974), it is assumed that the indirect utility is linear in parameters and is composed of
deterministic components and random components. Therefore, the personal indirect utility function can be expressed as:

o
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Where, Xy represents the vector of attributes obtained from the jth alternative in scenario t, f; represents the vector of individual preference
parameters, and ¢;;; represents a random utility component that is independent and identically distributed with a known (extreme) distribution. The
random utility component denotes changes and errors unobserved in consumer preference. The indirect utility V;* is obtained by the actual selection
Viie*, where if Vyi* = max (Vii*, Vi, ..., Vike®), then Vi = 1, otherwise 0.

According to Train's explanation for the RPL model, the probability of individual i choosing alternative j in scenario t is:
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Where, the vector Q2 defines parameters characterised by preference distribution. Since the integral in Eq. (2) lacks a closed solution, simulated
Maximum Likelihood Estimate (MLE) technique is usually used to estimate the model.

To estimate Eq. (2), it is necessary to specify the distribution family and draw random parameters from it. Typically, some studies specify that non-
price parameters are normally distributed, while allowing the normal distribution of price coefficients is problematic, including the possible violation
of downward-tilt demand curves and the derivation of WTP estimates with infinite variance (e.g., Revelt & Train, 1998). This is similar to assuming
that people's preferences for the price are homogeneous, denoting that the standard deviation of unobserved utility or scale parameters are the same
for all observations (Scarpa, Thiene, & Train, 2008).

Louviere (2004) believes that the scale parameters can and often change the observations randomly, ignoring this change will lead to wrong
conclusions. For food selection models, if the price coefficient is limited to a fixed range, then when the change of actual scale exceeds the observed
value, the change of scale will be incorrectly attributed to the WTP change of product characteristics.

One possible solution is to introduce heterogeneity and limit the sign of the price coefficient by specifying a distribution (such as lognormal
distribution) whose domain is strictly located on one side of zero. Although the empirical and modifiable distribution of utility coefficients is
consistent with the demand theory, it does not necessarily mean that WTP is a convenient distribution and vice versa (Scarpa et al., 2008).

Another solution is to estimate the model in the WTP space, where the model is re-parameterised so that the estimated parameter is the WTP of
each attribute, rather than the marginal utility coefficient. For example, specifying utility in Eq. (1) is separable in the price P and non-price X at-
tributes. Dividing the utility function by the scale parameter u;, we get:

a; pi ,

Where, ¢;;; is the extreme value of the independent identically distributed type I. Note that the WTP of each attribute is the ratio of attribute

coefficient to price coefficient (wi = %), thereby Eq. (3) can be converted into:
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Where, (ﬂ = ;‘—) and w; is the vector of WTP estimates for product attributes with normal distribution independent of scale.
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Appendix II. Robustness test

In order to test the robustness of the above results, we firstly estimated the RPL models of Table 5 in the preference space.

Table 9 presents the regression results of the RPL model in the preference space. The AIC value of the RPL model in the WTP space estimation is
smaller than that in the preference space estimation, and the premium for each attribute in the WTP space estimation is lower. Compared with the
preference space estimation, the WTP space estimation using normal distribution of random parameters and logarithmic normal distribution of scaling
factors is more suitable for our data.

Thereafter, we then estimated the RPL models of Table 6 in the preference space. The preference space estimation results in Table 10 are basically
consistent with those in Table 6, and the AIC values estimated in Table 6 are smaller than their counterparts in Table 10. It can be seen that the
regression results of RPL model based on the WTP space estimation in Table 6 are better.

Finally, we divided the ethics variable into two levels (high and low) based on its mean and median, and re-estimate Model (2) and Model (3) of
Table 6 in the WTP space. Results in Table 11 and Table 12 show that the signs and significance of coefficients of the interaction between consumer
ethics and animal welfare-related variables are basically consistent with their counterparts in Table 6. Therefore, the results are robust and reliable.

Table 9
Regression results of RPL model of animal welfare consumption preference based on the preference space estimation.

Attributes Coefficient Std. Dev. WTP
Welfare Farming 1.134%* —0.694%** 18.453

(0.052) (0.070) [16.133, 20.773]
Brand 1.000%*** 1.397%** 16.271

(0.058) (0.071) [14.038, 18.504]
Humane Slaughter 0.917*** 0.534%** 14.929

(0.045) (0.086) [12.875,16.983]
Environmental Friendliness 1.165%** —0.327%** 18.963

(0.050) (0.105) [16.648, 21.277]
Not to Buy —3.768%** 2.630%**

(0.237) (0.142)
Price —0.061%**

(0.003)
LR chi2 1452.80
Log likelihood —5631.566
AIC 11,285.13

Note: Values with *** are statistically significant at the 1% level. Each number in () is the standard error. Each number in
[1 is the 95% confidence interval.

Table 10
Regression results of RPL model of ethics and animal welfare preferences based on the preference space estimation.

Attributes Model (1) Model (2) Model (3)
Coefficient Std. Dev. Coefficient Std. Dev. Coefficient Std. Dev.
Welfare Farming 0.142 —0.549%%** —-0.326 0.103 —0.654** 0.527%%*
(0.198) (0.116) (0.254) (0.196) (0.255) (0.125)
Brand 0.766%** 1.331%%* 0.770%%* 1.364%** 0.812%** 1.345%**
(0.114) (0.081) (0.113) (0.074) (0.114) (0.078)
Humane Slaughter 0.662%** 0.509%** 0.678%*** —0.251 —0.048 0.015
(0.107) (0.102) (0.107) (0.156) (0.180) (0.227)
Environmental Friendliness 0.679%** —0.228 0.6697** 0.249%* 0.687*** 0.347%%*
(0.120) (0.146) (0.119) (0.121) (0.120) (0.093)
Welfare Farming x Brand 0.4527%* —0.977%%** 0.474%* 0.519%* 0.462** —0.914%**
(0.194) (0.216) (0.191) (0.217) (0.192) (0.148)
Welfare Farming x Humane Slaughter 0.538*** —0.141 0.520%** —0.798%x* 0.503%** 0.297
(0.191) (0.450) (0.193) (0.129) (0.191) (0.204)
Welfare Farming x Environmental Friendliness 1.013%** —0.749%** 1.043%** 0.824%*** 1.067%** 0.897***
(0.209) (0.152) (0.212) (0.152) (0.209) (0.143)
Ethics x Welfare Farming 0.120%** —0.126%** 0.214%** 0.077%*
(0.042) (0.027) (0.044) (0.034)
Ethics x Humane Slaughter 0.200%** 0.113%**
(0.040) (0.019)
Not to Buy —4.384%%* 2.693%** —4.478%%* 2.624%%* —4.518%** 2.647%%*
(0.258) (0.135) (0.269) (0.125) (0.264) (0.122)
Price —0.062%%** —0.062%** —0.064***
(0.003) (0.003) (0.004)
LR chi2 1505.68 1517.93 1514.63
Log likelihood —5603.034 —5578.356 —5570.583
AIC 11,240.07 11,194.71 11,183.17

Note: Values with *** and ** are statistically significant at the 1% and 5% levels, respectively. Each number in () is the standard error.
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Table 11
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Regression results of RPL model in the WTP space with the ethics variable classified by means.

Attributes Model (1) Model (2)
Coefficient Std. Dev. Coefficient Std. Dev.
Welfare Farming 0.751 6.732%** 2.142 9.441 ***
(3.244) (1.715) (3.060) (1.675)
Brand 12.935%** —21.459 12.941%** 20.640%**
(1.864) (1.310) (1.723) (1.254)
Humane Slaughter 10.899*** —7.792%** 6.872%%* —0.863
(1.684) (1.443) (1.629) (4.038)
Environmental Friendliness 12.372%** —5.435%** 12.523*** 5.269***
(1.967) (1.351) (1.814) (1.395)
Welfare Farming x Brand 7.138%* 10.060%** 6.297** —12.802%**
(3.006) (3.780) (2.731) (2.487)
Welfare Farming x Humane Slaughter 8.685%*** —1.123 7.410%** 7.193%**
(3.001) (3.351) (2.805) (2.443)
Welfare Farming x Environmental Friendliness 14.786%** —9.367*** 12,912%** 12.651%**
(3.452) (2.923) (3.209) (2.750)
Ethics x Welfare Farming 5.086%** 8.713%** 5.287%%* 2.819
(1.323) (2.012) (1.343) (6.181)
Ethics x Humane Slaughter 6.798%** 9.084%**

(1.328)
Not to Buy 37.204%**
(2.827)
Price / Scale 0.402%**
(0.063) (0.073) (0.076)
Wald chi2 2129.24 1588.24
Log likelihood —5565.995 —5557.673
AIC 11,171.99 11,159.35
Note: Values with *** and ** are statistically significant at the 1% and 5% levels, respectively. Each number in () is the standard error.
Table 12
Regression results of RPL model in the WTP space with the ethics variable classified by median.
Attributes Model (1) Model (2)
Coefficient Std. Dev. Coefficient Std. Dev.
Welfare Farming 4.027 —4.438 3.703 6.573%*
(3.064) (3.349) (3.077) (3.109)
Brand 12.421%** —21.197*** 13.276%** 20.794***
(1.762) (1.245) (1.800) (1.375)
Humane Slaughter 11.382%** —6.114%** 9.821%** 6.439%**
(1.645) (1.517) (1.670) (1.578)
Environmental Friendliness 12.332%** —5.985%** 12.124%%* 6.005%**
(1.899) (1.312) (1.901) (1.671)
Welfare Farming x Brand 7.055%* 3.355 5.965%* —13.434%**
(2.816) (3.726) (2.889) (3.869)
Welfare Farming x Humane Slaughter 6.365%* —7.393%** 7.556** 2.347
(2.933) (3.010) (2.946) (4.530)
Welfare Farming x Environmental Friendliness 13.268*** —11.990%*** 13.957%** 11.437%**
(3.352) (2.261) (3.318) (3.012)
Ethics x Welfare Farming 3.783** 14.255%** 4.837%** 13.388%***
(1.576) (2.360) (1.699) (3.710)
Ethics x Humane Slaughter 4.535%** —1.582
(1.443) (5.032)
Not to Buy —68.926%** —42.346%** —68.604*** 40.609%**
(3.448) (3.562) (3.139) (2.993)
Price / Scale —2.645%** 0.528%** —2.692%** 0.365%***
(0.067) (0.058) (0.065) (0.062)
Wald chi2 2071.36 2309.96
Log likelihood —5569.467 —5576.712
AIC 11,178.93 11,197.42

Note: Values with *** and ** are statistically significant at the 1% and 5% levels, respectively. Each number in () is the standard error.
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Simple Summary: In this study, consumer perceptions of animal welfare have been assessed. The
results can strongly support the development of policies and legislation regarding animal-friendly
production. In China, the demand for animal-friendly products is increasing, but so far, the research
on the relationship between the knowledge of animal welfare and animal-friendly consuming inten-
tions is limited. The objective of this study was to examine the impact of the knowledge of animal
welfare on consumers’ behavioral intentions and its mechanism. The survey covered 1499 food
consumers in Guangdong province, China. Our empirical results suggest that increasing knowledge
of animal welfare is significantly positive for the intention of animal-friendly products consumption.
Furthermore, empathy moderates the indirect effect between animal-friendly product cognition and
the behavioral intention both to purchase and recommend.

Abstract: As purchase power and consumption knowledge increase, consumers gradually demand
safer and healthier products. Animal welfare is expected to be an important attribute of high-end
food in the future and a major concern for the high-quality development of the livestock indus-
try. The objective was to shed new light on our understanding of consumers” perceptions and
behavioral intentions toward animal-friendly food. Using sample data of 1499 food consumers in
Guangdong province, China, this study explored the role of product cognition and empathy in
the relationship between consumers’ knowledge and behavioral intentions. Results indicate that
knowledge of animal welfare significantly influences consumers’ behavioral intentions, and there is a
mediating effect on cognition. Meanwhile, empathy moderates the relationship between product
cognition and consumers’ intentions to purchase or recommend animal-friendly products. Improving
consumers’ knowledge of animal welfare and cognitive levels of animal-friendly products may
contribute to promoting animal-friendly product consumption and sustainable development of the
livestock industry.

Keywords: animal welfare; knowledge; behavioral intention; product cognition; empathy

1. Introduction

Animal welfare has been a widely discussed topic in recent decades. It plays an im-
portant role in promoting food safety and quality and achieving sustainable development
of animal husbandry. As the largest and most populous developing country worldwide,
China has been making heroic efforts to address the issue of human welfare, yet animal
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welfare has been less of a concern. With the remarkable improvement in people’s living
standards, Chinese people have paid more and more attention to a healthy diet and food
production management processes. High-end foods represented by organic foods are
increasingly popular with the public. The number of product varieties has risen roughly
every year since the implementation of organic food acts (China’s Certification and Accred-
itation Administration (CNCA) developed Organic Product Certification Implementation
Rules in 2005 and revised them in 2012, 2014, and 2019 to standardize the food certification
process.) in 2012, and sales of organic food products have grown tremendously, reaching
CNY 804 billion in 2020 (See Figure 1). The structure of public food consumption structure
in China is moving toward an emphasis on quality together with economic development.
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Figure 1. Trends of Chinese Organic Food Products. (Source: Green Food Development Center China
and Prospective Industry Research Institute.)

Animal welfare is generally regarded as one of the quality attributes of food prod-
ucts [1]. Although over 60% of respondents had never heard of the concept of animal
welfare in mainland China [2], based on a survey in Jiangsu province, Wang and Gu [3]
found that consumers were willing to pay 16.2% more for animal-friendly products when
not informed about the correlation between animal welfare and meat quality, and 21.3%
more when informed of that information. Though there is no animal welfare product
label in China at present, consumers are increasingly turning to products with higher
welfare standards in Chinese daily consumption, exhibiting a positive perception and in-
creased demand. Additionally, a growing number of Chinese consumers seem to consume
broiler chickens from the free-range poultry system, natural grain-fed fattening pigs, and
milk products without exogenous agents such as antibiotics, etc. These products with
animal welfare attributes also tend to be more expensive. For example, fresh tenderloin
of ecological black pigs fed with Chinese herbal medicine for more than 300 days sold for
129 CNY/kg on JOYBUY (JOYBUY, powered by jd.com, is one of the largest e-commerce
companies in China.) on 31 December 2020, and the price was at least 1.5 times higher than
that for ordinary pork.

Animal welfare is consistent with ethical requirements. Numerous scientific studies
have demonstrated that increasing animal welfare may benefit animal production and
health and the quality of animal-derived products while minimizing food safety risks and
other related issues in the livestock industry [4,5]. Chinese consumers’ willingness to pay
(WTP) for animal welfare products may be because they think not only that animal welfare
products are better, but also that animals deserve more consideration. In 2018, China
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promulgated the Law of Wildlife Protection, aiming to maintain biodiversity and ecological
balance and promote the harmonious development of man and nature. Particularly, under
the influence of the global pandemic caused by COVID-19 in 2020, China has comprehen-
sively banned eating wild animals, and the concept of a "community of destiny" between
humans and animals has become more popular. In 2021, China moved to introduce the An-
imal Epidemic Prevention Law to prevent, control, purify and eliminate animal epidemics,
promote the development of aquaculture, prevent and control zoonotic infectious diseases,
and ensure public health safety and human health. Farm animal welfare plays a crucial
role in promoting food safety and quality and achieving the sustainable development goals
of animal agriculture. Currently, Chinese consumers’ attitudes and willingness to pay
for animal welfare improvements have been studied in a few articles [1,2,6]. There are
also very few studies that show that information about the husbandry system may affect
consumers’ willingness to pay for animal-friendly products [7]. However, research on the
relationship between knowledge of animal welfare and consumers’ behavioral intentions
in China remains rare.

As knowledge about animal welfare has increased, growing consumer demand has
prompted the agricultural sector to adopt more sustainable and animal-friendly practices.
The Chinese government is gradually becoming more aware of the need to provide higher
standards of animal husbandry, so as to ensure farm animal health, the quality of animal-
derived products, and the development of green agriculture. The International Cooperation
Committee of Animal Welfare (ICCAW) of the China Association for the Promotion of
International Agricultural Cooperation (CAPIAC) was approved by the Chinese Ministry
of Agriculture in 2013. Since then, more regulations and policies have been introduced
in China, such as Farm Animal Welfare Requirements: Pigs, China’s first set of farm
animal welfare standards. Soon, a widening range of animal-friendly products will be
available to meet the consumer demand in China. Furthermore, behavioral intentions
are a strong predictor of behavioral performance and a prerequisite for behavior [8]. A
more intensive understanding of Chinese consumers’ behavioral intentions regarding
products with animal welfare attributes and in-depth research on its formation process and
mechanism are urgently needed.

This paper is concerned with consumers’ behavioral intentions regarding animal wel-
fare products in China, and in particular, examines the impact of animal welfare knowledge
and product cognition on consumers’ behavioral intentions and its mechanism, and further
seeks to investigate the role of empathy in the above mechanism. The main contributions of
our work are reflected in the following aspects. Firstly, this study may shed new light on the
relationship between knowledge of animal welfare and consumers’ behavioral intentions.
Secondly, it may provide an analytical foundation for stakeholders to better understand
the heterogeneity in Chinese consumers’ behavioral intentions toward animal welfare
products and its intrinsic causes. And finally, the findings of this study can also provide a
rationale for increasing demand for high-end animal husbandry products and promoting
improvements in food consumption structure in China.

The structure of this paper is organized as follows. The theoretical background
and hypotheses are discussed in Section 2. Sample data and measures are explained in
Section 3. Empirical results are presented and discussed in Section 4. Conclusions and
policy implications are presented in Section 5.

2. Theories and Hypotheses

Consumer knowledge refers to stored information or general background knowledge
used to identify products in consumers’ memory [9], such as product properties, users’
experiences, etc. Knowledge focuses on consumers’ degree of familiarity with and level
of expertise in products, as well as professional opinions about the products [10]. Studies
have shown that knowledge affects consumers’ preferences for new products. For example,
Suarez-Caceres et al. [11] found that consumers” knowledge significantly affected their
attitudes and WTP for aquaponic products in Spain and Latin America. Particularly, con-
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sumers were more likely to pay a premium for products from aquaponics systems when
the benefits of these products (i.e., the sustainability perspective) were highlighted [12,13].
Furthermore, some studies show that subjective knowledge has a stronger predictive effect
on consumer purchase-related behavior than objective knowledge [14]. House et al. [15]
found that a higher level of subjective knowledge would significantly improve the will-
ingness to accept genetically modified foods, while objective knowledge did not play a
role. Donoghue et al. [16] showed that subjective knowledge played a predictive role in
the willingness of South African consumers to pay a premium for Karoo lamb, but that
objective knowledge did not.

Animal welfare is a state of complete mental and physical health in which farm animals
are in harmony with their surrounding environment. It generally refers to everything
necessary to maintain animal physiology, mental health, and normal growth, such as
good feeding, good housing, good health, and appropriate behavior [17]. Animal-derived
products with high welfare standards are more guaranteed in terms of both nutritional
quality and safety [18], and consumers are demanding safer, healthier, and higher quality
foods under the same conditions [19]. If animal welfare information is readily available
to the public, particularly through mass media, consumers will learn more about animal
welfare and understand more about animal welfare products. Importantly, consumers can
seek and find useful knowledge in their daily lives and use it to make purchase decisions,
which implies consumers’ different subjective purchase intentions and preferences [20,21].
It can be inferred that if consumers learn more about animal welfare knowledge, they
will realize that animal welfare is beneficial, and their acceptance of and preference for
animal-friendly products are likely to increase. On this basis, we propose a hypothesis:

Hypothesis 1 (H1). Consumers” animal welfare knowledge has a positive effect on their behavioral
intentions.

Cognition is the process in which consumers choose, organize and explain external
information and convert it into internal information [22]. It can be further specified as con-
sumers’ perceptions of specific products [23], that is, the better consumers’ understanding
of animal welfare products, the higher the level of consumer awareness. Consumers use
knowledge to convert objective information into subjective cognition in purchasing deci-
sions, thus affecting consumer attitudes and behaviors [24]. However, changes in consumer
attitudes or perceptions of a product may affect one’s consumption habits [25]. Vermeir
and Verbeke [26] argued that a positive attitude towards sustainable products was closely
related to purchase intentions. Part of what makes animal welfare an important issue in
livestock husbandry is that people can recognize the impact of improved animal welfare
on the public or consumer utility [27]. Heng et al. [28] found that consumers’ cognition of
animal welfare would be increased by appropriate education, promoting consumption of
animal welfare products. Wang et al. [2] analyzed consumers’ understanding of animal
welfare and perception of food safety using a survey conducted in Jiangsu Province, China.
They found that consumers were willing to pay a certain premium for animal welfare.
Yan et al. [29] and Clark [30] found that education level had a positive and significant
impact on people’s understanding and behavioral intentions regarding animal welfare,
and those with higher knowledge levels would be more likely to choose animal welfare
products. Accordingly, animal welfare knowledge affects consumers’ understanding, judg-
ment, and evaluation of animal welfare products, and thus affects their own consumption
preferences and actual consumption behaviors. We propose a hypothesis:

Hypothesis 2 (H2). Product cognition has a mediating effect on the relationship between animal
welfare knowledge and consumers’ behavioral intentions.

Various brain structures process information, and our decision-making processes

involve both reason and emotion [31]. These two systems communicate with each other,
impacting behavior together [32,33]. Empathy is an ability to put oneself in the position of
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others and to understand or feel what others have experienced [34] and contains cognitive
factors that make people think from the perspective of people in need [35]. According to
ecological ethics, animal welfare originates from humans’ moral responsibility for animals,
and its core assumption is that animals have equal moral status and rights with humans to
some extent [36]. Treating animals kindly conforms to people’s ethical cognition, affects
people’s emotions, and increases people’s utility [37]. If animal welfare products arouse
consumers’ empathy, consumers’ purchasing desire may increase [38]. Cornish et al. [39]
found that younger females with lower household income had a higher level of empathy
for animals, which was related to the intention to buy animal welfare products.

Empathy focuses on people’s subjective feelings about others, the other side of which
is rational feelings and emotions. Product cognition is a comprehensive understanding of
products, including composition, function, usage, advantages and disadvantages, charac-
teristics, market, consumer groups, etc. It is the standard to measure consumers” awareness
and understanding of brand connotation and value. It can be seen that product cognition
is based on objective feelings and rational emotions. Usually, rational consumers tend
to make purchase decisions according to their familiarity with products. However, the
decision-making process cannot be described as exclusively rational and conscious, as it is
affected by emotional and subjective elements [40]. If emotion is a key factor in consumers’
purchase decision-making process [41], product cognition and behavioral intentions may
be different between people with strong empathy and weak empathy. If consumers belong
to the weak empathy group, their intentions to purchase or recommend may depend more
on product cognition. If consumers belong to the strong empathy group, their purchase
intention may rely more on empathy itself rather than product cognition. Specifically,
consumers with strong empathy for animals may consider whether animals are suffering
rather than whether animal products are delicious or not. That is, the effect of consumers’
cognition of the products on their behavioral intentions may be adjusted by empathy.
Therefore, we hypothesize:

Hypothesis 3 (H3). Empathy negatively moderates the relationship between knowledge of animal
welfare and consumers’ behavioral intentions via product cognition.

Figure 2 shows a conceptual model of this study. As indicated, product cognition
mediates the relationship between knowledge of animal welfare and consumers’ behavioral
intentions. In addition, empathy moderates the link between product cognition and
consumers’ behavioral intentions. Thus, the indirect effect of knowledge of animal welfare
on consumers’ behavioral intentions based on product cognition is strong when empathy
is weak and weak when empathy is strong.

Empathy
Hs(-)
Knowledge of .|  Product v Behavioral
" .
Animal Welfare Cognition Intention

Ho(+) A

Hi(+)

Figure 2. The conceptual framework of animal welfare knowledge, product cognition, empathy, and
consumers’ behavioral intentions.

3. Data, Variables, and Methods
3.1. Data

The development of animal welfare is constrained by the level of regional economic
and social development. In order to control costs, our survey was limited to major cities in
Guangdong province. There were mainly two reasons for this. On the one hand, Guang-
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dong province, neighboring two special administrative regions, Hong Kong, and Macao,
is one of the provinces at the forefront of reform and opening up in China. Additionally,
Guangzhou and Shenzhen, both located in Guangdong, are two of the top four cities, mak-
ing Guangdong province a major province for foreign trade in China. On the other hand,
Cantonese cuisine in Guangdong is one of the eight major cuisines in China. Cantonese
people generally speak (or listen to) Cantonese, eat Cantonese cuisine, and have a good
reputation for being "food experts". All of these facts help control the unobserved factors
not controlled in the data, such as household food supply, regional tastes, diet, and other
cultural factors.

Since we were interested in consumers’ knowledge of animal welfare and behavioral
intentions toward animal-friendly products instead of societal opinions, our survey respon-
dents were those who buy food for their families, eat meat products, and over the age of 16
years. As such, our survey may have avoided the bias problem of measuring consumers’
willingness to pay for private products with a sample including some consumers who buy
the products for others.

Due to the coronavirus disease (COVID-19) outbreak worldwide, China has imple-
mented strict epidemic prevention and control measures based on home isolation. Many
Chinese people have had to transfer their daily studies, work, and lives to the Internet. For
this reason, the questionnaires were uploaded onto Wenjuanxing (By recruiting and main-
taining clientele, Wenjuanxing can sometimes offer consumers rewards for participating in
surveys. The rewards offered to participants are points that they can collect and exchange
for retail vouchers. Surveys are sent to participants randomly via email and online accord-
ing to the sample requirements of the researchers. Participation in each investigation is
voluntary. Researchers can contact and provide suppliers with questionnaires and pay fees
in exchange for access to consumers who are prepared to participate in online surveys. The
cost depends on the difficulty of the questionnaire, the duration of the survey, consumer
characteristics and number of samples.), the first and largest domestic online questionnaire
survey and test platform in China. Data were collected in two phases: a pilot survey and
formal survey.

In February 2020, a pilot survey was conducted among 90 consumers mainly respon-
sible for purchasing household food. In the pre-test, most respondents were not familiar
with the concept of “animal welfare”. Searching for information is a key factor in the con-
sumer decision-making process [42,43], and should be given enough attention in studies
of consumer preferences [44]. Consequently, we clearly defined farm animal welfare and
its products in the guide for the formal questionnaire. According to the feedback and
suggestions of sample consumers, we revised the expressions in the questionnaire to make
it simpler and easier to understand, removed the survey questions inconsistent with the
local situation, and added some more valuable questions.

In March 2020, we conducted a formal survey through the Wenjuanxing platform and
collected 1637 completed questionnaires in total. We treated completeness and quality of
information as the screening criteria and eliminated invalid questionnaires that lacked
crucial information or logic. Respondents with monotonous response behavior were also
excluded because they may not have thoroughly read the questions or only completed
the survey to obtain rewards. Finally, 1499 valid questionnaires with responses regarding
demographics, meat consumption habits, knowledge of animal welfare, product cognition,
and consumers’ behavioral intentions were obtained, with an effective response rate of
91.6%. All statistical analysis was carried out using Stata 16 (Stata Corp. 2019, created by
StataCorp LLC, Texas, TX, USA).

3.2. Variables
3.2.1. Dependent Variables

Purchase and recommendation are two common behaviors in consumers’ food decision-
making. Following the practice of Weinrich et al. [45], we treated respondents” willingness
to purchase or recommend animal-friendly products as dependent variables to exam-
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ine consumers” behavioral intentions. Thus, the purchase intention variable measured
one’s willingness to buy animal-friendly products and the recommend intention variable
measured one’s willingness to promote animal-friendly products to friends. The above
dependent variables were quantified by a 5-point scoring method, ranging from 1 for
“absolutely not” buy or recommend to 5 for “always” buy or "absolutely" recommend.
Table 1 shows that more than 80% of the respondents wanted to purchase and recommend
farm animal welfare products.

Table 1. Consumers’ behavioral intentions regarding farm animal welfare products.

Purchase Intention Recommend Intention
Options Number of People Ratio Layer Number of People Ratio
Absolutely not 55 3.67% Absolutely not 20 1.33%
Rarely 135 9.01% Rarely 151 10.07%
Sometimes 879 58.64% Possibly 670 44.70%
Often 368 24.55% Probably 509 33.96%
Always 62 4.14% Absolutely 149 9.94%

3.2.2. Core Independent Variables

At the beginning of the questionnaire, we asked respondents whether they knew about
farm animal welfare. However, measuring animal welfare knowledge by simply asking
respondents about their understanding of animal welfare is prone to bias. In order to make
all respondents reach the same level before evaluating the dependent variables, we then
provided a detailed description of the connotation of animal welfare. Respondents were
told that animal welfare was a way of farming that met the basic natural needs of animals
and kept animals in good living conditions, mainly including five freedoms for animals:
freedom from hunger and thirst, freedom from discomfort, freedom from pain, injury and
disease, freedom from fear and distress and freedom to express normal behavior [46].

In addition, respondents were informed that animal welfare products or animal-
friendly products referred to products that meet animal welfare standards to varying
degrees in the process of farm feeding, such as free-range chicken, eggs, pork, etc. Accord-
ing to the connotations of animal welfare and opinions that may easily be misunderstood
by the public, we examined respondents’ cognition of animal welfare from four aspects: the
ethical relationship between human beings and animals, weight between human welfare
and animal welfare, opinions of animal health as well as the understanding of animal
welfare cultural basis.

Table 2 presents items for evaluating consumers’ animal welfare knowledge in our
questionnaire and the descriptive statistics of respondents’ answers to the questions. It can
be seen that respondents had a high level of awareness of animal health and animal welfare
culture, with correctness ratings of up to 88.99% and 88.59%, respectively. Unlike animal
rights, animal welfare advocates the humane use of animals against any form of animal
abuse rather than equating animals with humans. In this regard, 33.16% of respondents
correctly understood this relationship, and 83.92% of respondents believed that animal
welfare should not be considered before human welfare was guaranteed. It shows that most
Chinese consumers tend to put people’s interests first when considering the relationship
between humans and animals.

We further assigned values based on respondents” answers to questions about animal
welfare knowledge. Respondents who answered correctly would receive 1 point for one
question, otherwise, 0, and thus, respondents” knowledge of animal welfare was obtained.
In order to observe the changes in respondents’ knowledge before and after providing
animal welfare information, we also assigned values for respondents” understanding of
animal welfare before the survey, ranging from 0 for "do not know animal welfare at all"
to 4 for "know animal welfare very well". Table 3 shows that 50.63 % of the respondents
did not know about animal welfare at all, and 28.75% had heard of but did not know
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about animal welfare before receiving animal welfare information. This corresponded to
40.56% of respondents who obtained a full score of 4 points, and 41.96% who obtained
3 points after receiving animal welfare information. Although most respondents did not
know about animal welfare at first, their cognitive level of animal welfare was significantly
improved after a brief animal welfare literacy review during the survey. This indicates that
Chinese consumers have good cognitive ability regarding animal welfare.

Table 2. Answers to questions related to animal welfare knowledge.

Items Correct Wrong Do Not Know
Animal welfare is completely equating animals with people. 33.16% 54.30% 12.54%
People’s welfare has not been ac.h1eved yet, so there is no need to consider 6.74% 83.929% 9.349%
animal welfare.
Animal welfare considers both the “physical” and “mental” health of the animal 88.99% 3.87% 7.14%
Animal welfare conforms to people’s modern ecological and ethical requirements 88.59% 414% 7 979

for animals.

Table 3. Respondents’ mastery of animal welfare knowledge.

Types

0

Mean

1 2 3 4 Difference

Self-statement
Knowledge test

50.63%
1.67%

28.75% 14.88% 4.67% 1.07%

3.94% 11.87% 41.96% 40.56% —2.390 %

*** is statistically significant at 1% level.

3.2.3. Mediating Variables

Product cognition is the result of consumers internalizing objective animal welfare
information about the product into subjective cognition, which in turn reflects consumers’
understanding of the quality of animal-friendly products. Animal welfare is related to
attributes such as health [47], delicacy [7,48]), safety [49,50]), ethics [51,52]) and environ-
mental friendliness [53-55]). Thus, we measured consumers’ cognition of animal welfare
products from the five aspects mentioned above. The expression of the items was adapted
from Carnovale et al. [56]. Each item was measured on a 5-point Likert scale, from “1”
as “very disagree” to “5” as “very agree”. To avoid sequential effects, all items of the
same scale were displayed at random in the survey. Internal consistency was measured
using Cronbach’s o coefficient. Table 4 demonstrates that the reliability coefficient of each
item was greater than 0.75, and total reliability was over 0.84, which was in line with the
standard of a good reliability coefficient (above 0.6). The KMO value was close to 1 (0.82),
the significance level of LR test results was less than 0.001 (chi-square value 3161.32). The
reliability and validity were shown to be good.

Table 4. Cognition of farm animal welfare products.

Items Mean

Standard Reliability

Deviation (Cronbach’s «) Total Reliability

Meat from friendly-treated animals is healthier. 3.953 0.971 0.785

Meat from friendly-treated animals tastes better. 3.610 1.043 0.817

Meat from friendly-treated animals is safer. 3.966 0.956 0.797

It is more ethical to eat animal products with
better welfare.

0.842
3.660 1.073 0.840

Eating animal products with better welfare is better for
the environment.

3.783 1.014 0.812
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3.2.4. Moderating Variable

We measured empathy for animals by seeking respondents’ comments on the state-
ment "I feel uncomfortable every time I see animals being abused or suffering" [57]. Ac-
cording to the survey results, the proportion of respondents reporting “very disagree”,
“relatively disagree”, “general”, “relatively agree” and “very agree" was 3.94%, 3.67%,
17.95%, 46.43% and 35.62%, respectively. It can be seen that the respondents had a high
level of empathy. In order to analyze the relationship between empathy and other vari-
ables more effectively, we merged the lowest three categories (“very disagree”, “relatively
disagree” and “general”) into the level of “low”, making the distribution of categories
that made up the moderating variable more balanced. Accordingly, empathy was defined
on three levels: low, medium and high, corresponding to “disagree or generally agree”,
“relatively agree" and "very agree”.

3.2.5. Control Variables

Following previous research, we treated four kinds of demographic variables as
controls. They included personal characteristics such as gender, age, years of education,
household registration, family characteristics such as household income, number of people
dining together, dining together with a child under 18, dining together with an elderly
person over 60, and behavioral variables related to animal contact such as whether to raise
pets, engaged in animal-related occupations, heard of animal welfare before. Additionally,
the variable indicating whether the city of the respondent was a first-tier city was also
included to control unobserved factors that were not clearly controlled in the data, such
as regional economic development levels, household food supply, etc. Table 5 reports
definitions and descriptive statistics of all variables used in the analyses.

Table 5. Definition and descriptive statistics of each variable.

Variables

Definition and Assigned Values Mean Standard Deviation

Dependent variables

Purchase intention

Willingness to buy animal welfare products: Absolutely not

=1, Rarely = 2, Sometimes = 3, Often = 4, Always =5 3.165 0.788

Recommend intention

Willingness to recommend animal welfare products:
Absolutely not = 1, Rarely = 2, Possibly = 3, Probably = 4, 3.411 0.850
Absolutely =5

Independent variables and control variables

AW knowledge

Scores of animal welfare knowledge test 3.158 0.899

Mean scores of five items for the respondent’s attitude

Product cognition towards animal welfare products 3795 0-793
Feelings every time a respondent sees animals being abused

Empathy or suffering: Low = 1, Medium = 2, High =3 2177 0.710

Gender Male =1, Female =0 0.361 0.480

Age Age of the respondent 32.04 9.976

Dining scale Number of people eating together in a family 3.853 1.463

Child Whether there is a child under 18 years old dining together: 1518 0.500

Yes=1,No=0
Elderly Whether there is an elderly person over 60 years old dining 1616 0.487

together: Yes =1, No =0
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Table 5. Cont.

Variables Definition and Assigned Values Mean Standard Deviation
Average household income per month, <6000 yuan =1,
6000-12,000 yuan = 2, 12,000-18,000 yuan = 3,
Income 18,000-24,000 yuan = 4, 24,000-30,000 yuan = 5, 2842 1.466
>30,000 yuan = 6
Assigned values according to different educational levels:
Primary school = 6, Middle school = 9, High school
Education (Technical secondary or higher vocational school) = 12, 15.32 2.440
Junior college = 14, Undergraduate = 16,
Graduate or above = 19
Urban Urban resident: Yes=1, No=0 0.849 0.359
Pet experience Having experience of raising pets: Yes =1, No =0 0.229 0.421
Animal-related work Engaged in animal-related occupations: Yes =1, No =0 0.049 0.217
Ever heard of AW Heard of animal welfare before the survey: Yes =1, No =0 0.794 0.405
First-tier city Living in Guangzhou or Shenzhen: Yes =1, No =0 0.726 0.446

3.3. Estimation Methods

Following the practices of Wykes et al. [58] and Preacher et al. [59], the proposed mod-
erated mediation model can be tested by the stepwise method. In terms of the mediating
effect test, the first step is to test whether the influence of independent variables on the
dependent variable is significant, the second is to test whether the influence of indepen-
dent variables on the mediating variable is significant, and the third is to test whether the
influence of independent variables on the dependent variable is significantly reduced or
even disappeared after controlling the mediating variable. The moderating effect is tested
by constructing the interactive term between the independent variable and the moderating
variable, and the moderating effect is judged by observing the significance level of the
interaction. According to the theoretical hypothesis of this paper, the following moderated
mediation model can be constructed:

Bl = ajg +anKi + a2 X 4+ ¢ @

Awp; = a0 + anKi +apnX + ¢ 2)

Bl; = a3p + a31K; + agp Awp; + a33X + €3 @)

Bl; = ayo + 041K + aap Awp; + agzEmp; + aug Awp; X Emp; + ag5X + ¢4 @)

In Equations (1)—(4): BI; represents consumers’ behavioral intentions, K; represents
animal welfare knowledge, Awp; represents cognition of animal welfare products, Emp;
represents animal empathy, and X represents a series of control variables mentioned above;
n10, 20, K30, &40 are the corresponding constant terms; €1, €3, €3, €4 are the corresponding
random error terms, which are assumed to be normal distribution; the subscript i denotes
the ith respondent. Coefficient a1 in Equation (1) denotes the total effect of animal welfare
knowledge on consumers’ behavioral intentions; coefficient ay; in Equation (2) denotes
the impact of animal welfare knowledge on product cognition; coefficients a3y, a41 in
Equations (3) and (4) denote the direct effect of animal welfare knowledge on consumers’
behavioral intentions, and coefficients a3y, a4y denote the direct effect of product cognition
on consumers’ behavioral intentions. ay; X a3y, . which can be obtained by bringing
Equation (2) into Equation (3), showing the indirect effect of animal welfare knowledge
on consumers’ behavioral intentions, namely the impact of animal welfare knowledge on
consumers’ behavioral intentions through product cognition. Coefficient ay3 in Equation (4)
represents the direct effect of the moderating variable on consumers’ behavioral intentions.
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a4y + agaEmp; means the mediated effect of product cognition moderated by Emp; on
consumers’ behavioral intentions.

4. Empirical Results and Analysis
4.1. Total Effect and Robustness Test

Table 6 reports the regression results of Equation (1). The OLS estimation results in
columns (1) and (2) show that animal welfare knowledge has a significant positive impact
on consumers’ behavioral intentions. Increasing animal welfare knowledge is conducive to
improving consumers’ purchase and recommend intentions. In terms of control variables,
women are more likely to recommend animal welfare products to others, which is consistent
with the fact that women are more willing to share life experiences with others; young
people in first-tier cities with better family economic conditions are more likely to accept
animal welfare products; respondents with pet experiences prefer animal welfare products
to those without pet experiences, and those that never heard of animal welfare are more
willing to buy and recommend animal welfare products.

Table 6. Total effects of animal welfare knowledge on consumer’s behavioral intention.

V0] ) 3) @)
Variable OLS OLS Ordered Probit Ordered Probit
Purchase Intention Recommend Intention Purchase Intention Recommend Intention
AW knowledge 0.103 *** 0.151 *** 0.144 *** 0.195 ***
(0.025) (0.025) (0.035) (0.032)
Gender —0.027 —0.106 ** —0.039 —0.138 **
(0.042) (0.046) (0.061) (0.059)
Age 0.010 *** 0.007 *** 0.016 *** 0.009 ***
(0.003) (0.003) (0.004) (0.003)
Education —0.003 —0.010 —0.005 —0.014
(0.010) (0.011) (0.014) (0.014)
Urban 0.035 0.044 0.065 0.059
(0.058) (0.061) (0.083) (0.079)
Income 0.048 *** 0.038 ** 0.068 *** 0.050 **
(0.016) (0.017) (0.023) (0.022)
Dinning scale 0.016 0.011 0.025 0.014
(0.019) (0.019) (0.026) (0.025)
Child —0.014 —0.048 —0.024 —0.063
(0.048) (0.051) (0.068) (0.066)
Elderly 0.060 —0.027 0.089 —0.037
(0.048) (0.051) (0.068) (0.067)
Pet experience 0.106 ** 0.133 ** 0.158 ** 0.175 ***
(0.048) (0.052) (0.069) (0.068)
Animal-related work 0.111 0.112 0.165 0.149
(0.101) (0.114) (0.143) (0.147)
Ever heard of AW —0.101 ** —0.099 ** —0.145 ** —0.128 **
(0.041) (0.044) (0.059) (0.057)
First-tier city 0.096 ** 0.066 0.147 ** 0.085
(0.048) (0.050) (0.068) (0.065)
Constant 2.216 *** 2.800 ***
(0.287) (0.309)
Observation 1499 1499 1499 1499
R-squared /Pseudo R2 0.055 0.057 0.026 0.024
Wald chi2 81.86 91.43
Log pseudo-likelihood —1646.082 —1821.981

*** and ** are statistically significant at 1% and 5% levels, respectively. Numbers in parentheses are robust
standard errors.

Some previous studies have shown that statistical results share a very similar sig-
nificance level between ordinal and cardinal numbers [60]; the ordered Probit model is
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employed to estimate the impact of consumer welfare knowledge on consumers’ behav-
ioral intentions. The ordered Probit model regression results in columns (3) and (4) of
Table 6 are entirely consistent with the OLS regression results in the significance level and
symbolic direction.

4.2. Mediating Effect of Product Cognition and Robustness Test

Considering that animal welfare knowledge has a significant effect on consumers’
behavioral intentions, we further explore product cognition’s mediating role. The stepwise
regression method was used to estimate Equations (1)—(3), respectively, and robust standard
errors were obtained. The estimation results are shown in Table 7. Column (1) and
column (4), respectively, indicate the total effect of animal welfare knowledge on consumers’
purchase intentions and recommend intentions. Column (2) shows that animal welfare
knowledge can significantly improve the levels of product cognition. Column (3) shows the
direct effect of animal welfare knowledge and product cognition on consumers’ purchase
intentions. The estimated coefficient of animal welfare knowledge variable was 0.077,
which was significant at the 1% statistical level, indicating that the direct effect of animal
welfare knowledge on purchase intention was 7.7%. The direct effect of product cognition
on purchase intention was 0.263, significant at the 1% statistical level. When multiplying
it with the animal welfare knowledge coefficient in column (2), we obtained the indirect
effect of animal welfare knowledge on purchase intention (0.026), accounting for 25.24%
of the total effect, which means that the mediating effect of animal welfare knowledge on
purchase intention was about 25% by improving product cognition. Similarly, according to
columns (2), (4), and (5) in Table 7, the mediating effect of animal welfare knowledge on
recommend intention by increasing product cognition was about 21%.

Table 7. Mediating effects of product cognition.

» 2 3) 4) (5)

Variables Purchase Product Purchase Recommend Recommend
Intention Cognition Intention Intention Intention
AW Knowledge 0.103 *** 0.098 *** 0.077 *** 0.151 *** 0.119 ***
(0.025) (0.023) (0.024) (0.025) (0.024)
Product Cognition 0.263 *** 0.330 ***
(0.035) (0.036)
Control variables controlled controlled controlled controlled controlled
Constant 2.216 *** 3.069 *** 1.408 *** 2.800 *** 1.788 ***
(0.287) (0.281) (0.299) (0.309) (0.306)
Observation 1499 1499 1499 1499 1499
R-squared 0.055 0.046 0.121 0.057 0.147

*** is statistically significant at 1% level. Numbers in parentheses are robust standard errors. Due to space

limitations, only brief results are represented.

Significance of indirect effects was estimated by the Sobel test and the bootstrap test.
The Sobel test statistic Z for the purchase intention model was 4.113, and for the recommend
intention model, 4.199. The associated p-values were both significant at the level of 1%,
indicating significant mediation. Following the bootstrapping method of Preacher and
Hayes [61] (setting 1000 iterations), results of the bootstrap test are shown in Table 8. The
confidence intervals of both indirect and direct effects after bias correction did not include 0,
indicating that there was indeed a transmission mechanism from animal welfare knowledge
to purchase or recommend intention through improving product cognition. Both tests
demonstrated that the stepwise regression method has a high degree of robustness for
estimating the mediation effect.
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Table 8. Bootstrap test results for mediating effect.

Dep?ndent Bootstrap Test Coefficient Deviation Star.lda.rd 95% C.I. Bias-Corrected C.I.
Variables Deviation
Purchase indirect effect 0.027 —0.000 0.007 [0.015,0.042] [0.016,0.045]
intention direct effect 0.077 —0.000 0.024 [0.032,0.124] [0.033,0.124]
Recommend indirect effect 0.034 —0.000 0.008 [0.019,0.051] [0.019,0.052]
intention direct effect 0.117 —0.000 0.025 [0.070,0.167] [0.069,0.166]

4.3. Moderating Effect of Empathy and Robustness Test

To investigate the moderating role of empathy in the link between product cognition
and consumers’ behavioral intentions, we constructed an interactive term between em-
pathy and product cognition. Equation (4) was estimated using the OLS approach. The
estimation results are shown in Table 9. The regression coefficient of the interactive term in
column (2) was negative and significant at the level of 10%, showing that empathy may
negatively regulate the positive impact of product cognition on purchase intention and
recommend intention.

Table 9. Moderating effects of empathy.

1) ) 3) 4) (5) (6)

Variables Purchase Intention Recommend Intention
Weak Empath Strong Empath: Weak Empath Strong Empath
All Sample Groug Y (%rouls Y All Sample Groulli Y (%roug Y
AW Knowledge 0.062 ** 0.088 *** 0.022 0.097 *** 0.122 *** 0.082
(0.024) (0.027) (0.051) (0.023) (0.025) (0.055)
CPrOd.u.Ct 0.433 *** 0.320 *** 0.153 *** 0.499 *** 0.372 *** 0.232 ***
ognition
(0.108) (0.041) (0.059) (0.110) (0.039) (0.062)
Empathy 0.448 ** 0.519 ***
(0.190) (0.195)
Product
Cognition x —0.083 * —0.086 *
Empathy
(0.048) (0.049)
Control Variables controlled controlled controlled controlled controlled controlled
Constant 0.551 0.892 *** 2.560 *** 0.854 * 1.473 *** 2.635 ***
(0.503) (0.345) (0.571) (0.515) (0.347) (0.595)
Observation 1499 965 534 1499 965 534
R-squared 0.139 0.166 0.066 0.177 0.195 0.091

% and * are statistically significant at 1%, 5% and 10% levels, respectively. Numbers in parentheses are robust
standard errors. Due to space limitations, only brief results are represented.

As mentioned above, the classification of the empathy variable may have an impact
on the results. To check the robustness of the results and provide further insight into the
relationship, all samples were divided into a strong empathy group and weak empathy
group according to the mean of empathy. Subsequently, categorical analysis was conducted
to compare the performance of the two groups (strong empathy vs. week empathy). The
regression results in Table 9 show that the correlation coefficient of product cognition on
purchase intention decreased from 0.320 in column (2) to 0.153 in column (3), which was
significant at the level of 1%, indicating that the positive impact of product cognition on
purchase intention decreases when empathy gains strength.

Figure 3 presents a more intuitive comparison of the regression results. It demonstrates
that the purchase intention of the strong empathy group was stronger than that of the weak
empathy group, which conformed to the expectation that empathy helps to promote animal
welfare product consumption. The negative moderating effect of empathy was mainly
manifested in the slope for the strong empathy group, which was smaller than that of the
weak empathy group; that is, the impact of consumers’ product cognition on purchase
intention in the strong empathy group was smaller than that in the weak empathy group,
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which was also in line with our expectations. The reason may be that empathy may be an
important factor in motivating consumers to buy animal welfare products.

4 7 Purchase Intention 41 Recommend Intention
3 A 3
2+ 2
¢— Weak Empathy —<o— Weak Empathy
1 --4--- Strong Empathy 1 --48--- Strong Empathy
T T
Low Product High Product Low Product High Product
Cognition Cognition Cognition Cognition
(a) (b)

Figure 3. Effect of Empathy on Product Cognition Affecting Consumers’ Behavioral Intentions.
(a) Purchase Intention, (b) Recommend Intention.

Animal welfare products are considered to possess both quality and ethical attributes.
The strong purchase intention of the strong empathy group may be mainly due to their
strong empathy for animals. In this regard, consumers’ purchase intentions would only
be improved slightly even when the quality attributes of animal welfare products are
identified. It is worth noting that animal welfare knowledge here did not have a significant
impact on purchase intention for the strong empathy group. From another perspective, this
may explain that consumers’ behavioral intentions regarding animal welfare products in
the strong empathy group mainly depended on their animal ethics. For consumers with
weak empathy, their purchase intentions for animal welfare products may be mainly due
to quality attributes such as taste, health, quality, safety or other considerations. Improving
their cognitive level of animal welfare products may be conducive for them to accept animal
welfare products.

According to the results in columns (5) and (6) in Table 9, empathy moderates the effect
of product cognition on recommend intention, similarly to the moderating effect of empathy
on product cognition affecting purchase intention. Figure 3 also intuitively demonstrates
that people’s recommend intentions for animal welfare products were stronger than their
purchase intentions.

4.4. Further Discussions

This study investigated the relationship between animal welfare knowledge and con-
sumers’ behavioral intentions with respect to animal welfare products with the mediating
role of product cognition and the moderating role of empathy. Consumers’ perceptions
and demands for farm animal welfare products determine the market outlook for animal
husbandry producers to improve farm animal welfare and reflect public opinions and
demands for the government to formulate laws, regulations and policies related to farm
animal welfare.

This study found several interesting results. Animal welfare knowledge has a positive
impact on consumers’ behavioral intentions, and increasing animal welfare knowledge
may help improve consumers’ intentions to buy or promote animal welfare products. Our
results were consistent with the findings in developing countries that consumers with
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positive attitudes towards animal welfare are willing to pay more for animal-friendly
products [62-64]. Carnovale et al. [56] found that consumers with higher levels of animal
welfare knowledge had higher purchase intentions for animal welfare products in China. In
the past, it was generally believed that animal welfare was a matter for developed countries.
However, the findings of this study show that that is not entirely the case. As a largest
developing country, China has become an affluent society in a general sense since 2020,
and people’s living standards have improved significantly. The demand for healthier, safer,
higher-quality meat that meets their ethical requirements has been increasing. Therefore, a
key issue going forward will be how to guide the public to fully understand animal welfare
through publicity and promotional activities.

Furthermore, product cognition has a mediating effect on the link between animal
welfare knowledge and consumers’ behavioral intentions. This finding indicates that
increasing animal welfare knowledge helps to increase consumers’ product cognition. That
is, consumers may link animal welfare knowledge with product cognition and make their
purchase decisions. When acquiring knowledge about animal welfare, consumers may
perceive and evaluate products with animal welfare attributes as of high quality because
animal welfare products are generally known as high-end products with higher quality in
nutrition, health, safety and taste than traditional products [5,18,65]. Hence, consumers
may purchase more animal welfare products. Our findings support those of Jiang et al. [66],
who suggested that positive animal welfare information made participants feel satisfied,
healthy and happy, and consumers with higher product consumption showed a higher
level of approval for animal welfare products. Consumers who often buy animal welfare
products have more animal welfare knowledge and better product cognition. In addition to
promoting animal welfare, it is necessary to achieve reasonable market segmentation and
provide a more differentiated system for those who are interested in animal welfare, want
higher standards of animal-derived products, and consider animal welfare in the search for
information [67,68].

Finally, empathy plays a moderating role in the indirect effect of animal welfare knowl-
edge on consumers’ behavioral intentions via product cognition. This finding suggests that
consumers with strong empathy may integrate their concern for animals into their purchase
decisions. The motive of perceptual consumption, or a type of moral consumption, may
reduce the impact of product cognition on purchase or recommend intentions. Consumers
with weak empathy are less affected by animal ethics. Instead, they mainly use animal
welfare knowledge available to make purchase decisions by rationally evaluating product
quality. Overall, consumers with strong empathy are more likely to purchase animal wel-
fare products than consumers with weak empathy under the same conditions, possibly due
to the dual influence of product cognition and animal ethics. The moderating effect of empa-
thy on product cognition affecting consumers’ behavioral intentions confirms the ecological
ethics of harmonious development between human and animals, and the existence of moral
purchase behavior of consumers [69,70]. According to non-anthropocentrism, animals as
the subject of life can feel pain and enjoy happiness. Freeing animals from unnecessary
pain has become one of the motivations for consumers to consume animal welfare products.
Therefore, promoting farm animal welfare not only fits the ethical perception of consumers
but also has a functional impact on improving food safety [71]. However, consumers have
to accept a higher price for the improvement of animal welfare, which to some extent
inhibits consumer demand. Still, it is a fact that consumers can obtain additional benefits,
such as health, deliciousness, safety, and even moral sentiment based on ecological ethics
during animal welfare product consumption.

5. Conclusions and Implications

China is the most populated country in the world. Until now, people did not know
much about animal welfare. Improving the level of animal welfare knowledge will help to
cultivate market demand for farm animal welfare products and promote the high-quality
development of animal husbandry. Based on the survey data of 1499 food consumers in
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Guangdong Province, China, this paper revealed the influence and orientation of animal
welfare knowledge on consumers’ behavioral intentions by introducing product cognition
and empathy.

The results from the moderated mediation model make three points. Firstly, the level of
animal welfare knowledge has a significant positive impact on consumers’ behavioral inten-
tions. Secondly, product cognition significantly increases consumers’ behavioral intentions
and plays an intermediary role in the impact of animal welfare knowledge on consumers’
behavioral intentions. Thirdly, empathy has a significant positive effect on consumers’
behavioral intentions, and plays a negative moderating role through the indirect effect of
animal welfare knowledge on consumers’ behavioral intentions via product cognition.

There are several policy implications to be drawn from the above findings. First,
China needs to create a good institutional environment for animal welfare development
in a planned way. In any case, improving animal welfare levels and product safety is
an inevitable trend. Animal welfare will be an important attribute of high-end food in
the future and an important factor restricting the high-quality development of animal
husbandry. As farm animal welfare products are typical trust products, the formation of an
effective market for these products requires that the government or third-party institutions
establish regulatory measures to ensure the quality of farm animal welfare products. It is
necessary for China to gradually establish and improve regulatory measures for the animal
products market, strengthen the formulation and evaluation of animal welfare standards,
and guide the meat production chain to improve its facilities, equipment and management,
so as to meet the requirements of more sensitive markets.

Second, universal education pertaining to animal science is especially important. A
growing interest in animal welfare can be attributed to urbanization, social education and
economic development, as well as the influence of media and civil society organizations.
Improving the level of animal welfare knowledge and awareness of animal welfare products
helps to solve the problem of information asymmetry between consumers and producers.
The Chinese government and related institutions can strengthen education in ecological
ethics and animal welfare ideology by means of media, organizations, education and
training in order to provide consumers with more information that they can use in the
decision-making process.

Third, the precise positioning of people with high consumption tendencies is required.
With China’s economy and society entering a transition period, people’s eating habits
and food consumption patterns have diversified. Consumers are no longer limited to the
issue of nutritional intake in the selection of animal-derived food, but have begun to pay
more attention to taste, safety, health, and even ethical and environmental requirements.
Consumers are the end receivers of animal-derived products, and their needs are dominant
factors significantly affecting the development of farm animal welfare. If governments and
enterprises perceive changes in consumer needs and that trend over time, they may find
more new growth points and tap into new business opportunities. Enterprise marketing
personnel can communicate with different customer groups according to the animal wel-
fare characteristics of meat products to better meet the needs of customers and improve
market share.

The present study has some limitations that deserve comment. Firstly, the selection
of research samples was limited by social constraints, research costs and other practical
factors. In the future, the number of samples and the coverage of respondents need to
be expanded to further test the stability and universality of our findings. Secondly, this
paper measured consumers’ behavior by behavioral intentions, and there was still a gap
between intention and behavior. Therefore, future research on animal welfare product
consumption can focus on consumers’ actual purchase behavior regarding animal welfare-
related attribute products. Finally, this study controlled many factors such as personal
and family characteristics, animal contact experience, level of city, etc. to explore the
mechanism of animal welfare knowledge and product cognition affecting consumers’
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behavioral intentions. The study was limited to cross-sectional data, and longitudinal
design could better clarify consumers’ behavioral intentions and their influencing factors.
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Simple Summary: In this study, consumer preferences for pork produced using animal-welfare-
enhancing farming strategies were assessed. In China, the demand for animal-friendly products is
increasing, but so far, studies on consumer preferences for animal welfare farming attributes are
limited. The objective of this study was to analyze consumer preferences for pork based on four
animal welfare farming attributes, namely feed nutrition, living environment, health care, and ac-
tivity space. The study employed a choice experiment approach. The survey covered 1274 pork
consumers in Guangdong province, China. Our empirical results suggest that Chinese consumers
were willing to pay an additional 2.359-10.477 CNY/500 g (5.27-23.39%) for animal welfare pork.
Furthermore, there was significant heterogeneity in consumer preferences. China is the world’s
largest producer and consumer of pork. Since the outbreaks of African swine fever in 2018, China’s
pork imports have been constantly on the rise. The results can contribute to the optimization of pork
production structures and marketing plans for stakeholders and can assist with the timely develop-
ment of international competition strategies for animal-derived trade products.

Abstract: Consumption demands for pork produced by farms that employ strategies to improve
animal welfare (“animal welfare pork”) will be an important indicator for predicting domestic pig
feeding standards and pork industry development. This paper analyzes consumer preferences for
animal welfare pork based on the choice experiment data of 1274 pork consumers in Guangdong
province, China. The results show that consumers had a significant preference for animal welfare
pork and that they were willing to pay a premium of 2.359-10.477 CNY/500 g (5.27-23.39%) on
average. There is heterogeneity in consumer preferences regarding age, education level, and in-
come. Producers of animal-derived products can not only adjust the mix of production conditions
to improve pig welfare and innovate contractual arrangements for industry chain stakeholder
groups, but they can also develop differentiated marketing strategies for animal welfare products
to meet consumer demands for animal welfare.

Keywords: animal welfare; consumer preferences; willingness to pay; choice experiment
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1. Introduction

There is a large international debate regarding the welfare of animals raised for food
[1]. Many scholars consider animal welfare to be a positive attribute of food [2]. According
to the Terrestrial Code of World Organisation For Animal Health (WOAH), animal wel-
fare refers to: “the physical and mental state of an animal in relation to the conditions in
which it lives and dies”. It is a branch of science and looks at these measurable states in
almost all areas of our interaction with animals, including areas of agriculture, entertain-
ment, companionship, research, and others [3]. Studies have shown that animal welfare
can not only have a positive impact on the growth and health of farm animals [4,5],
thereby improving the quality of animal-derived products, but that it also helps meet eth-
ical and moral requirements of the public. If the living environment can be modified ac-
cording to the physiological and behavioral habits of different animals, consideration of
the concept of animal welfare will undoubtedly reduce animals’ stress; improve their immun-
ity, fitness, and health; and reduce the use of pesticides, feed additives, and veterinary drugs
that pose serious health hazards to consumers. Improving animal welfare may become an im-
portant issue in the breeding industry.

China is a major producer and consumer of pork worldwide, and pig rearing is the
backbone of the domestic livestock industry (pork production in China has reached 52.96
million tons in 2020, accounting for more than 59.6% of meat production according to the
2021 China Statistical Yearbook). With the optimization of industrial structures, farms that
produce fewer than 500 pigs per year decreased from 82.2 million in 2007 to 20.6 million
in 2020, while farms that produce more than 50,000 pigs per year increased from 50 in
2007 to 554 in 2020 (Figure 1). The issue of animal-derived food safety and farm animal
welfare caused by intensive pig farming has become an urgent concern. In May 2014,
China introduced the Farm Animal Welfare Requirements for Pigs, the first farm animal
welfare standard concerning advanced foreign farm animal welfare concepts concerning
the existing domestic scientific, technological, and socio-economic conditions. According
to the requirements, the whole process of animal welfare management regarding pigs’
breeding, transport, slaughter, and processing is to be regulated as it relates to aspects
such as feed and drinking water, farming environment, farm management, health plans,
transportation, slaughter, splitting and processing, records and traceability, etc. This in-
creases the possibility of exploring issues related to pig welfare in China.

554 - 80
- 70

443

- 60
- 50
- 40

Figure 1. Number of Pig Farms in China from 2007 to 2020. (Source: China Animal Husbandry and
Veterinary Yearbook.).
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The future of agriculture depends in large part on consumer demand. It is critical for
public health departments and animal-derived product marketers to understand con-
sumer preferences and willingness to pay (WTP) for animal welfare. According to the re-
sults of a survey conducted by You et al. (2014) among 6006 consumers in 29 provincial
administrative regions in China (excluding Tibet, Hainan, Taiwan, Hong Kong, and Ma-
cau), 54.5% of the respondents were willing to pay a higher price for animal welfare pork
at least to some extent [6]. Wang and Gu (2014) found that consumers in Jiangsu province
were willing to pay an average of over 16.2% of the base price for animal-friendly pork
before being given information about the association between animal welfare and meat
quality, and they were willing to pay over 21.3% of the base price after being given infor-
mation about the association [7]. At present, most of the studies on Chinese consumer
preferences for farm animal welfare still remain at the level of descriptive statistical anal-
ysis. Only a few studies, such as Wu et al. (2014) [8] and Xu et al. (2019) [9], focus on
empirical methods. Additionally, studies on consumer preferences for animal welfare
breeding attributes are uncommon in China.

This paper focuses on how much of a premium consumers are willing to pay for an-
imal welfare pork in China. The study mainly covers the following aspects. First, the paper
incorporates a limited choice experiment examining consumer preferences for animal wel-
fare pork based on four attributes: feed nutrition, living environment, health care, and
activity space. Second, it helps the stakeholders better understand the heterogeneity in
Chinese consumer preferences for animal welfare farming methods, and it provides the-
oretical support for the formulation of farm-animal-management-related policies and
marketing strategies for livestock products in China. This not only helps domestic stake-
holders grasp the dynamic consumer preferences and optimize production structures and
marketing plans, but it also improves the world’s understanding of China’s huge animal-
derived food consumption market and the development of international competition
strategies for agricultural trade products.

The structure of this paper is as follows. The choice experiment and survey design,
estimation methods, and sample data are explained in Section 2. Empirical results are an-
alyzed in Section 3. Discussions and policy implications are considered in Section 4. Fi-
nally, conclusions are presented in Section 5.

2. Research Methodology
2.1. Choice Experiment Design

In China, consumers do not know much about animal welfare, and there are no prod-
ucts with animal welfare labels on the market. Consumers tend to choose animal foods to
meet their consumption needs by considering the manner, conditions, and environment
in which animals are raised (e.g., whether they have a healthy diet, a good living environ-
ment, scientific health care, and adequate space to move around). Due to the lack of a real
market, consumer-preference-assessment methods based on actual market prices are not
suitable for evaluating consumer demand for non-market product attributes. However,
hypothetical choice experiments can be advantageous in such cases and are thus widely
used in this regard [10]. In particular, choice experiments have been widely used to meas-
ure consumer preferences for food with certain attributes, e.g., Wu et al. (2016), Ortega et al.
(2017), Wang et al. (2018). Kallas et al. (2019), Czine et al. (2020), Huang et al. (2022), Lin-Schil-
stra et al. (2022) [11-17].

Pig welfare products can be seen as a collection of different welfare attributes from
which consumers can obtain utility. Choice experiments enable evaluation of multiple at-
tributes by replicating real life shopping scenarios [18]. Using this approach to determine
consumers’ willingness to pay has become a better way of assessing consumer demand
and animal welfare preferences [19]. It provides important information to policymakers
or marketers who are preparing and implementing such certification systems and pro-
moting them widely [20]. Such information would be useful for stakeholders in the supply
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chain for designing production processes and developing marketing strategies based on
these production attributes, and it would be valuable for developing appropriate market-
ing communication tools [21].

In order to meet social concerns about the welfare quality of animal food and the
related market demand, and to promote access to products that meet specific animal wel-
fare standards, the EU published a welfare quality assessment scheme in 2009 for three
categories of farm animals: pigs, cattle, and poultry. The standards of animal welfare prac-
tices are assessed in four areas: good feeding, good housing, good health, and appropriate
behavior. Accordingly, we designed the choice experiment of animal welfare consump-
tion preference with reference to the above four aspects. Specifically, we are more con-
cerned about such aspects as feed nutrition, living environment, health care, and activity
space, which seem to be the more prominent problems in China’s pig industry [22-24].

It is worth noting that providing activity space and outdoor access are the two most
important attributes necessary to obtain an acceptable level of welfare, as this prevents
injuries and suffering [25]. Most consumers share this concern and cite the permission of
outdoor access as a very important characteristic of pig welfare [26]. In terms of activity
space, this paper refers to the welfare levels set up by Denver et al. (2017) [27], in which
outdoor access is considered in addition to increased activity space. Therefore, the activity
space attribute is defined in three levels, while the other three attributes are defined in
two levels.

The price consists of four levels. The reference is based on the average market price
of lean pork loin in large, medium, and small supermarkets as well as wet markets and
online fresh food platforms (JD Fresh, Suning Commerce and Fresh Hema) in Guangzhou
city (the capital city of Guangdong province) in February 2020. The pricing strategy of
product marketing was also considered (e.g., any price ending with the number “8” is
considered as a lucky number to Chinese consumers, as “8” has a similar pronunciation
with “fa”, the Chinese character of “wealth”). The animal welfare attributes and their lev-
els in the choice experiment are shown in Table 1.

Table 1. Farm animal welfare attributes and their levels in the choice experiment.

Attribute

Level Description

Feed nutrition

Living environment

Standard environment

Recreational environ-

Common feed The current national standards for nutrient content are met.

The current national standards for nutrient content are met. In addi-

Fermented feed tion, the feed is enriched with probiotics (which help intestinal diges-

tion and reduce food residue).
The air, ventilation, and other environmental parameters of the pig
house are in line with the national standards.
The air, ventilation, and other environmental parameters of the pig
house are in line with the national standards. In addition, toys, music,

ment . i .
and other recreational facilities are provided.

Health care

Activity space

Standard space

100% more space

Basic care Basic, necessary epidemic diagnosis and treatment are provided.
Measures such as frequent disinfection and disease monitoring are
. taken. Veterinarians provide a daily inspection and a timely diagnosis
Optimal care ; . . . o
and treatment of sick or injured pigs. Pain-free surgery is given to
avoid pain unrelated to the disease.
Indoor space in accordance with the national standard is at least 0.8
1.2 m? of bedding area per pig.
According to the national standard, 100% more indoor space takes up
at least 1.6-2.4 m? of bedding area per pig.

100% more space and  100% more indoor space takes up at least 1.6-2.4 m? of bedding area
outdoor access per pig. In addition, access to outdoor pasture is provided.
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Attribute

Level Description

Price 44.8,54.8, 64.8, 74.8

These are the prices at which the respondents usually bought fresh
lean pork in supermarkets or wet markets (unit: CNY/500 g).

In this paper, 24 choice sets were designed to estimate consumers’ utility of animal
welfare pork based on a D-optimal fractional causal analysis experimental design using
the Ngene 1.2.1 software package (www.choice-metrics.com, accessed on 16 September
2022). The 24 choice sets were divided into four groups and each respondent was random-
ized to complete one of the groups for a total of 6 choice sets. In this way, respondents
may have the ability to complete the entire choice experiment within a reasonable time
frame. It is generally accepted that providing an “opt-out” or “no purchase” option in the
choice set more closely resembles the real decision scenario [28]. Therefore, each choice
set includes the following three options with different animal welfare farming attributes:
Pork A, Pork B, and neither. Figure 2. illustrates one of these choice sets.

Product Description

Pork A Pork B
Health Care Basic care Optimal care
Feed Nutrition Common feed Fermented feed
Recreational

Living Environment  Standard environment

environment
100% more space and

Activity S Standard
ctivity Space outdoor access andard space
Retail Price 54.8 (CNY /500 g) 64.8 (CNY /500 g)
I will buv: A. Pork A B. Pork B C. None of these pork

Figure 2. Sample of a choice set.

2.2. Survey Design

Targeting pork buyers is a key part of the survey because targeting ordinary consum-
ers may lead to bias in estimation caused by sample selection. Guangdong province was
selected as the survey area for the following reasons. First, Guangdong’s economic and
social development level is among the highest in the country, with the GDP reaching
about 1.92 trillion USD (Exchange rate: 1 USD/CNY 6.1798, December 31, 2021 (CFETS).)
in 2021 and ranking first for 33 consecutive years in China. Second, Guangdong, adjacent
to Hong Kong and Macau, is a major province of foreign trade, where people may be more
likely to accept the concept of animal welfare. Third, there is a common belief that “people
in Guangdong know about food” in China. Furthermore, consumers aged 16 and above
were targeted as respondents in the survey, as China implements a nine-year compulsory
education system, and 16 years old is usually the corresponding age for an individual to
complete their compulsory education. Some previous research has included the 16-year-
old group in survey subjects when assessing the purchasing of household food items, in-
cluding Liu & Niyongira (2017), Liang et al. (2023) [29,30].

In developing countries, new ideas such as concern for animal welfare are generally
easily accepted among young people with higher levels of education and better economic
incomes [31,32]. In today’s new media era, this group has access to a large amount of in-
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formation via smartphones. Since a face-to-face survey method would substantially in-
crease the cost of the survey and could lead to bias caused by limited consumer cognitive
resources (time and energy) at the time of the survey, and because of the impact of the
global COVID-19 pandemic, the data for this paper were obtained through an online sur-
vey.

The definitions of farm animal welfare and its products were clearly given in the
guidelines of the questionnaire. The choice experiment was conducted immediately after
respondents answered some basic questions about their perception of farm animal wel-
fare and its products. In the survey, they were presented with a “cheap talk script” about
the choice experiment designed to reduce their hypothetical bias [33,34]. The term “cheap
talk” is borrowed from experimental economics, where it refers to communication be-
tween players prior to execution of an experiment. Here, a cheap talk script refers to open
communication between the experimenter and the respondents about things to consider
when responding to a subsequent question. The cheap talk script was followed by a de-
scription of the information about animal welfare farming attributes.

To ensure randomization of the survey, respondents were assigned to different
groups of purchase scenarios based on the parity of the last two digits of their cell phone
number (two odd numbers, two even numbers, odd followed by even, even followed by
odd). They were only able to see one choice scenario at a time in order to exclude interfer-
ence from other choice scenarios. They spent at least 15 s in each choice scenario to ensure
an acceptable quality of data. In addition, the order of the six choice scenarios faced by
each respondent was randomized to exclude any order effects on the estimated results.
The choice experiment was followed by a survey on respondents’ pork consumption hab-
its and basic personal information. The questionnaire would be completed in about 15
min.

To reach statistical significance and satisfy the rank condition of the choice experi-
ment, we adopted a protocol generally used in choice experiments design [35-37] to de-
termine the minimum sample size:

N > 500 X (

) =500 X (=—) = 111.111

AXxC 3X6

Here, N is the number of the sample; L is the largest number of levels of any of the attrib-
utes; A is the number of choice options in a choice set; and C is the number of choice sets
faced by each respondent. Given that we divided the 24 choice sets into four groups, the
minimum sample size for this choice experiment would be 112.

2.3. Estimation Methods and Econometric Models

This paper uses a random utility model to analyze consumer preferences. The choice
experiment is based on the following assumption: individual # obtains utility by choosing
option i from a finite set of alternative options J of choice set C under scenario t. In the
random utility model, utility consists of a deterministic component V,,;; that depends on
the attributes of the options and a random component ¢, i.e.,

U=Vpir + €nit 1)

Thus, if Uy > Uyje Vj # i, then individual n will choose option i. Consequently,
the probability that individual n will choose option i is

Given the underlying distribution of the error term, the final form of the logit selec-
tion probability can be expressed as:

_ exp(Vi)
e S exp (V) ©

204



Animals 2022, 12, 3051

7 of 18

While traditional logit models assume that consumers are homogeneous, the random
parameter logit (RPL) model relaxes the constraints of traditional logit models by allowing
random variation in in-sample preferences according to a specified distribution [38]. Ac-
cordingly, the RPL model can be used to measure heterogeneity in consumer preferences
for animal welfare farming attributes. Based on the RPL model, the deterministic compo-
nent of utility V,;, in the random utility model takes the following form:

ant = B Xnit 4)

where B is a vector of random parameters with their own mean and variance indicating
individual preferences and y,;; is a vector of all attributes in the ith choice. According to
Train (2003) [39], the probability that individual n will choose option i from the choice
set C under scenario t is:
exp(Vir)
Poe = | o7, (BB 5
me= ) S e (Vi) ©
where the random parameter f() of the distribution is specified. If the parameter is fixed
to B, (non-random), the distribution fails, i.e., f(8.) = o, otherwise f(8) = 0.
Considering that utility is non-basic in nature and that the estimated model coeffi-
cients cannot be interpreted in economic terms, the willingness to pay of consumers is esti-
mated as:
—Br
WTP = — 6
5, (6)
where f is the estimated coefficient of the kth attribute and f,, is the estimated price
coefficient. A 95% confidence interval was created using a parametric bootstrap procedure
as suggested by Krinsky and Robb (1986) [40]. Specifically, a multivariate normal distri-
bution was created by parameterizing the coefficients and variance terms estimated using
the RPL model, from which 1000 observations were extracted.

2.4. Sample Source and Data Description

This survey was anonymous and ethical approval was granted by College of Veteri-
nary Medicine, South China Agricultural University. A pre-survey was conducted in Feb-
ruary 2020. We rephrased the questionnaire to make it more concise and easier to under-
stand, removed survey questions inconsistent with the local situation, and added some
more valuable questions based on the feedback and suggestions from 90 sample consum-
ers.

Thereafter, a formal investigation was conducted in March 2020 via the paid online
platform provider Wenjuanxing, which is a professional online survey platform in China
that focuses on providing users with services such as powerful, user-friendly online ques-
tionnaire design, data collection, custom reports, and survey result analysis. The platform
recruits and maintains a group of consumers who participate in surveys from time to time
with small incentives. Participants will randomly receive email invitations and URLs di-
recting them to the survey, and they subsequently receive rewards in the form of credits
that can be converted to vouchers for shopping. Participation in each investigation is vol-
untary. The sample service of Wenjuanxing provides strict quality-control mechanisms,
including sample quality control, filler control, filling process control, the whole tracking
effect, etc., to ensure recovery of true and valid response data.

Finally, a total of 1637 questionnaires were collected, and 1274 respondents com-
pleted the entire survey. This produced a sample of 7644 choices (1274 respondents x 6
choice sets). The choice experiments included a significant number of pork consumers,
which allowed us to investigate consumption preference and heterogeneity. All statistical
analyses were carried out using the software package Stata 16.0 (Stata Corp. 2019, Stata
Statistical Software: Release 16, StataCorp LLC, College Station, TX, USA).
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The demographic characteristics of the sample consumers in Table 2 show that the
proportion of females (62.48%) is significantly higher than that of males (37.52%), which
is consistent with the fact that more women are responsible for taking care of the family’s
food. The average age of the respondents is 32.2 years old, and more than 50% have a
university degree or higher, indicating that the sampled consumers are younger and more
highly educated. Nearly 70% of the surveyed households have a monthly income between
6000 and 24,000 CNY. Nearly 50% of the households have children eating with them. Nearly
40% of the households have elderly people eating with them.

Table 2. Some socio-demographic characteristics of respondents (n =1274).

Socio-Demographics Socio-Demographics

Gender (%) Monthly household income (%)
Male 37.52 <6000 CNY 17.03
Female 62.48 6000-12,000 CNY 33.28
Age (in years) Mean (s.e.) 32.25 (9.998) 12,000-18,000 CNY 20.88
Education level (%) 18,000-24,000 CNY 13.34
Primary school and below 0.55 24,000-30,000 CNY 8.01
Junior high school 5.18 >30,000 7.46

High school/technical secondary school) 10.08 Number of dining members (%)
College/higher vocational 16.64 2 17.04
Undergraduate 54.00 3 24.88
Postgraduate and above 13.58 1 4 26.14
Eat with children under 18 years old (%) 49.69 5 21.11
Eat with the elderly above 60 years old (%) 39.87 =6 10.83

! Note: Percentages may total >100% because of rounding.

3. Results
3.1. Consumer Preferences for Welfare Attributes of Fattening Pigs

As shown in Table 3, there is a significant preference for animal welfare pork. Con-
sumers have the highest preference for the attribute of providing 100% more space and
outdoor access. They are willing to pay a premium of 10.477 CNY/500 g (23.39%) com-
pared to that of providing indoor rearing space in accordance with the national standard.
However, their willingness to pay for 100% more rearing space is relatively low (a pre-
mium of 2.359 CNY/500 g or 5.27%), which suggests that Chinese consumers prefer the
farming method of “free range” over simply increasing indoor rearing space. The premi-
ums for the attributes of optimal care and fermented feed are 6.689 and 5.893 CNY/500 g,
respectively. The premium is the lowest (2.560 CNY/500 g) for the attribute of providing
recreational facilities such as toys and music instead of merely providing a ventilated,
clean, and odor-free living environment.

Table 3. Random parameter logit results of consumer preferences for animal welfare pork.

Variables Mean Standard Deviation Willingness to Pay Willingness to Pay (%)

Fermented feed 0.380 *** 0.372 *** 5.893 13.15
(0.033) (0.075) [4.912,6.874]

100% more space 0.152 *** -0.027 2.359 5.27
(0.041) (0.102) [1.100,3.618]

Increase 100% space and out- 0.676 *** 0229 10.477 23.39

door access

(0.045) (0.154) [9.114,11.839]

Optimal care 0.431 *** 0.434 *** 6.689 14.93
(0.034) (0.067) [5.640,7.737]
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Recreational environment
Would not buy
Price
Number of observations
LR chi2

Log likelihood
AIC

0.165 *** 0.754 *** 2.560 5.71
(0.036) (0.056) [1.455,3.666]
—6.770 *** 2.849 ***
(0.234) (0.169)
~0.064 ***
(0.002)
22,932
848.02
~5684.849
11395.7

*** indicates statistical significance at the 1% level. The numbers in parentheses are standard errors,
and the numbers in brackets are 95% confidence intervals. Willingness to pay (%) calculates the
proportion of payment premiums obtained through the RPL model, i.e., the ratio of WTP to the base
price (44.8 CNY/500 g) in the choice set, so as to facilitate comparison of the proportion of price
premiums between different products in the existing literature.

Table 3 also shows that the standard deviation coefficients of all three variables (fer-
mented feed, optimal care, and recreational environment) are significant at the 1% level
except the “activity space” variable. It also indicates the heterogeneity of consumer pref-
erences for pig welfare farming attributes. Specifically, consumer preferences for the rec-
reational environment attribute are the most varied, with a standard deviation coefficient
of 0.754, followed by the optimal care attribute (0.434) and the fermented feed attribute
(0.372). This suggests that heterogeneity should be considered in studying consumers’
preferences for animal welfare farming attributes, and the hypothesis of using the RPL
model to analyze consumer preferences for animal welfare is confirmed.

3.2. Heterogeneity Analysis of Consumer Preferences

As mentioned previously, there is heterogeneity in consumer preferences for animal
welfare pork. It is practically relevant for pork producers and marketers to visualize con-
sumer preferences for farm animal welfare through demographic characteristics. The ran-
dom utility model shows the difference in utility brought to consumers by different prod-
uct options rather than the absolute value of utility brought by a single product. Hence,
the effect of individual consumer characteristics on utility is usually omitted directly in
the expression of the function because individual characteristics do not vary with product
options [39]. A common approach is to set interaction terms between consumer socio-de-
mographic characteristics and product attribute levels in the model to analyze the effect
of consumer characteristics on consumer preferences or willingness to pay, as done in Wu
et al. (2014) and Wu et al. (2016). Following this approach, we formed interaction terms to
examine how demographic variables affect consumption preferences related to animal
welfare.

According to the age distribution, the sample can be divided mainly into three
groups: <25 years, 26-35 years, and =36 years. The proportions in these groups are 33.12%,
36.74%, 30.14%, respectively. Some of these age nodes can be found in the existing litera-
ture, such as Lim et al. (2013), Wu et al. (2015), Han et al. (2015), and Denver et al. (2017)
[41, 8, 42, 27]. Education levels of primary school and below; junior high school; high
school/technical secondary school; college/higher vocational; and undergraduate, post-
graduate, and above correspond to 6, 3, 3, 3, 4, and 3 years of education, respectively.
Furthermore, we divided the sample into high-income and low-income categories based
on income distribution, which accounted for 50.31% and 49.69% of respondents, respec-
tively. In summary, the above socio-demographic variables can be classified as follows:

Gender: female, male;

Age: low age (<25), middle age (26-35), and advanced age (=36);
Education: high education (=16 years) and low education (<16 years);

207



Animals 2022, 12, 3051 10 of 18

Income:  high income (212,000 CNY) and low income (<12,000 CNY).

Accordingly, they formed interaction terms with each attribute variable of pig wel-
fare, and RPL model regression estimation was conducted separately. Strictly speaking,
the experimental design has to be adjusted after the introduction of the interaction effect,
and the design scheme that only considers the main effect will lead to inefficient estima-
tion [21]. In this paper, the interaction effects between attributes were not considered in
the experimental design. In addition, we considered only one interaction term of con-
sumer characteristics when conducting the RPL model estimation in order to avoid add-
ing too many independent variables and over-parameterization caused by crossover be-
tween all of the individual characteristic terms and attribute terms [43]. Fortunately, the
significance and sign of each welfare attribute may largely be consistent with those of the
baseline model in the estimated model with the introduction of the interaction term.

It can be seen from Table 4 that, except for gender, age, education level, and income,
all variables significantly affect consumer preferences regarding pig welfare farming at-
tributes, albeit to varying degrees. Compared with consumers in the low age group (25
years old and below), consumers in the advanced age group (36 years old and above) are
more concerned about the expansion of activity space and outdoor access (an interaction
coefficient of 0.202), while consumers in the middle age group (25-35 years old) are less
concerned about optimal care for pigs. The coefficients of interaction between the varia-
bles of being highly educated and preferring fermented feed as well as between being
highly educated and preferring optimal care are significantly positive (0.196, 0.126). This
indicates that consumer preferences for fermented feed and optimal care can be improved
with increased education. In addition, the interaction coefficient between the higher in-
come and fermented feed variables is significantly positive (0.253), which indicates that the
two variables are associated. Increasing consumer income level is linked to higher consumer
preferences for the fermented feed attribute.

Table 4. Random parameter logit results with socio-demographics interaction terms.

208

. With Gender With Age With Education With Income
Variables . . . .
Interaction Interaction Interaction Interaction
Price —-0.064 *** —0.065 *** —0.065 *** -0.065 ***
(0.002) (0.002) (0.002) (0.002)
Fermented feed 0.393 *** 0.347 *** 0.246 *** 0.252 ***
(0.052) (0.055) (0.055) (0.044)
100% more space 0.142 ** 0.146 ** 0.106 0.121 **
(0.067) (0.071) (0.070) (0.057)
100% more space and outdoor 0.603 *** 0.572 %% 0.602 *** 0.618 ***
access
(0.070) (0.074) (0.074) (0.061)
Optimal care 0.440 *** 0.512 *** 0.344 *** 0.386 ***
(0.053) (0.057) (0.056) (0.046)
Entertainment environment 0.166 *** 0.240 *** 0.174 *** 0.114 **
(0.059) (0.063) (0.062) (0.050)
No purchase —6.768 *** —6.773 *** —6.776 *** —6.745 ***
(0.234) (0.234) (0.236) (0.232)
Intera?ctlon tems be‘t ween at- Middle Age Advanced Age  High Education High Income
tributes and sc?c1o—de- Female (26-35) (>36) >16) (>12,000)
mographics
Fermented feed x -0.021 0.088 0.002 0.196 *** 0.253 ***
(0.065) (0.075) (0.079) (0.067) (0.063)
100% more space x 0.016 -0.026 0.044 0.063 0.060
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(0.083) (0.098) (0.100) (0.086) (0.081)
100% more space and outdoor 1,7 0.105 0.202 * 0.109 0.116
access x
(0.086) (0.100) (0.105) (0.088) (0.083)
Optimal care x -0.015 -0.134 * -0.103 0.126 * 0.086
(0.066) (0.077) (0.080) (0.068) (0.064)
Recreational environment x -0.001 -0.095 -0.128 -0.017 0.102
(0.074) (0.086) (0.090) (0.076) (0.072)
Number of observations 22,932 22,932 22,932 22,932
Wald chi2 -5683.6497 -5678.736 -5678.379 -5673.9201
Log likelihood 847.75 847.31 846.94 831.47
AIC 11,403.3 11,403.47 11,392.76 11,383.84
Note: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The
numbers in parentheses are standard errors. The standard deviation of random parameters for each
attribute variable is not reported in this paper due to space limitations.
3.3. Personality Portrait Analysis of Consumers
It can be helpful for marketers to more intuitively understand the preferences of con-
sumers for pig welfare farming attributes and to identify which groups to target for sales.
In general, there are more female respondents in charge of family food shopping. It can
be assumed that the consumers were female, and education level and income can be as-
sumed to be positive correlates, i.e., higher education level would result in higher income
(see Lim et al., 2013 [41]). In this paper, a total of six specific types of consumers were
selected based on four socio-demographic characteristics of respondents: gender, age, ed-
ucation level, and income. The relative preferences of these six types of consumers with
different socio-demographic attributes for each attribute of pig welfare (Table 5) were cal-
culated and comparatively analyzed.
Table 5. Random parameter logit results of consumer preferences by six groups.
Lower Education (<16 Years), Higher Education (16 Years),
Variabl Lower Income (<12,000 CNY) Higher Income (12,000 CNY)
anables Low Age Middle Age Advanced Age Low Age  Middle Age Advanced Age
(=25) (26-35) (=36) (=25) (26-35) (=36)
Price -0.178 *** -0.052 *** —0.035 *** -0.139 *** —0.071 *** —0.059 ***
(0.037) (0.013) (0.007) (0.016) (0.007) (0.011)
Fermented feed 0.518 0.346 * 0.095 0.865 *** 0.512 *** 0.692 ***
(0.520) (0.194) (0.116) (0.212) (0.116) (0.163)
100% more space -0.571 -0.058 0.239 * -0.008 0.154 0.440 **
(0.426) (0.344) (0.136) (0.208) (0.128) (0.180)
100% more space and 5 ¢ 0.377 0.669 *** 0.773 %+ 0.836 *+* 1.175
outdoor access
(0.451) (0.302) (0.151) (0.231) (0.148) (0.239)
Optimal care 0.026 0.710 *** 0.359 *** 0.900 *** 0.513 *** 0.685 ***
(0.374) (0.235) (0.108) (0.209) (0.107) (0.156)
Recreational environ- ;¢ 0.123 -0.052 0.263 0.096 0.399 **
ment
(0.491) (0.220) (0.123) (0.189) (0.109) (0.189)
Would not buy —12.425 *** -5.041 *** —5.732 *** -11.567 *** —8.231 *** —7.541 ***
(2.499) (1.105) (0.885) (1.337) (1.005) (1.533)
Number of observa- 55, 738 1836 1638 2664 1332
tions
Wald chi2 44.53 51.88 94.72 68.89 91.25 59.63
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Lower Education (<16 Years), Higher Education (=16 Years),
Variabl Lower Income (<12,000 CNY) Higher Income (12,000 CNY)
anables Low Age Middle Age Advanced Age Low Age  Middle Age Advanced Age
(=25) (26-35) (=236) (225) (26-35) (=36)
Log likelihood -116.292 -196.791 -487.112 -335.2545 -616.9963 -299.408
AIC 258.584 419.582 1000.223 696.509 1259.993 624.8168

wx % and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The numbers
in parentheses are standard errors. The standard deviation of random parameters for each attribute
variable is not reported in this paper due to space limitations.

The results in Table 5 show that consumer preferences for animal welfare pork
change with age. For female consumers in the low age group with low education and low
income, their preference for pigs’ welfare is not significant. In the middle age group, those
with low education and income have a significant preference for the attributes of optimal
care and fermented feed (utility coefficients are 0.710 and 0.346, respectively). In the ad-
vanced age group, those with low education and income still have a significant preference
for the optimal care attribute (0.359), although the degree of preference is reduced. The
preference for the activity space attribute also becomes significant, especially for the out-
door access attribute, whose coefficient is the largest (0.669). It is clear that female con-
sumers with low education, low income, and low age primarily pay attention to animal
welfare attributes related to food safety and health (i.e., optimal care and fermented feed),
while concern for attributes related to food quality (i.e., activity space) increases with age.

If factors such as education and income limit consumers’ actual purchases of animal
welfare products, then a comparison of consumer preferences between low-education,
low-income groups and high-education, high-income groups in the different age catego-
ries may help confirm this hypothesis. Table 5 also shows that the preferences of the high-
education and high-income group for animal welfare pork are more or less consistent in
different age groups. The utility coefficients for optimal care, fermented feed, and 100%
more space and outdoor access are all significant at the 1% level, but the priorities of at-
tributes are varied. This is somewhat consistent with the preferences of low-education,
low-income people in the middle and old age groups, while the preferences of the high-
educated and high-income group are stronger. Consumers in the high-education, high-
income, and high age group are also concerned with the recreational environment (with
the coefficient of 0.399), an animal welfare farming attribute that meets the needs of animal
mental health.

It is worth noting that consumers in the low-education, low-income group, and mid-
dle age group prefer the optimal care attribute more, which seems to contradict the results
in Table 4 that indicate that low-aged consumers care more about the optimal care attrib-
ute than middle-aged consumers. This may be due to the fact that the sample size of the
high-education and high-income group (64.54%) is larger than that of low-education and
low-income group (35.46%). Nevertheless, this illustrates the heterogeneity of consumer
preferences for pork with animal welfare farming attributes. It suggests that more empir-
ical research should be carried out regarding consumers with different characteristics.

The WTPs of the above six groups for animal welfare pork were calculated and pre-
sented in Table 5. In order to describe their characteristics more intuitively, we further
assumed that the low-education and low-income group received 9 years of education and
6000 CNY per month on average while the high-education and high-income group re-
ceived 16 years of education and 24,000 CNY per month.

Table 6 shows the payment premium of female consumers with different educational
background, income, and age characteristics. For the low-education and low-income
group, the premiums paid by middle-aged consumers for fermented feed and optimal
care are 6.677 and 13.715 CNY/500 g, respectively. The premiums paid by advanced-age
consumers for the attributes of 100% more space, 100% more space and outdoor access,
and optimal care are 6.909, 19.335, and 10.391 CNY/500 g, respectively.
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Table 6. Estimates of consumers’ willingness to pay by six groups.
Fermented Feed 100% More Space 1007 More Space and Optimal Care Rec.reatmnal
Outdoor Access Environment
Lower income, lower education
Income = 6000 CNY, education =9 years
Age =22379 2.906 -3.202 2.053 0.144 1.112
[-2.419, 8.230] [-7.772, 1.369] [-2.896, 7.003] [-3.971, 4.259] [-4.205, 6.430]
Age =32.250 6.677 * -1.122 7.276 13.715 *** 2.375
[-0.686, 14.040] [-14.066, 11.823] [-4.772,19,325] [4.447, 22.984] [-6.085, 10.836]
Age =45216 2.743 6.909 * 19.335 *** 10.391 *** -1.503
[-3.832, 9.318] [-0.975, 14.792] [9.510, 29.161] [3.430, 17.351] [-8.438, 5.433]
Higher income, higher education
Income=24,000 CNY, education = 16 years
Age=22379 6.204 *** —0.056 5.547 *** 6.454 *** 1.889
[3.643, 8.764] [-2.971, 2.860] [2.498, 8.584] [3.636, 9.272] [-0.715, 4.493]
Age =32.250 7.730 *** 2.175 11.792 *** 7.240 *** 1.35
[4.052, 10.408] [-1.387, 5.737] [7.815, 15.769] [4.355, 10.125] [-1.668, 4.367]
Age=45216 11.780 *** 7.499 ** 20.002 *** 11.671 *** 6.801 **

[6.465, 17.095]

[1.261,13.737] [11.671, 28.333] [5.565, 17.777] [0.553, 13.049]

*#x *% and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively. The numbers
in brackets are 95% confidence intervals.

The WTPs in Table 6 also show that highly educated and high-income consumers
may generally have a significant payment premium for animal welfare farming attributes.
Among them, the low-age consumers are willing to pay the highest premium for the op-
timal care attribute, reaching 6.454 CNY/500 g. The middle-age and advanced-age con-
sumers are willing to pay the highest premium for the 100% more space and outdoor ac-
cess attribute, reaching 11.792 CNY/500 g and 20.002 CNY/500 g, respectively. Those in
the advanced-age group are also willing to pay a premium of 6.801 CNY/500 g for the
entertainment environment attribute. As we expected, highly educated and high-income
consumers are the focus of animal welfare marketing.

4. Discussions and Policy Implications
4.1. Discussions

This study empirically analyzes consumer preferences for pigs’ welfare farming at-
tributes in terms of feed nutrition, living environment, health care, and activity space. In
general, consumers have a significant preference for these attributes and are willing to
pay a premium of 2.359-10.477 CNY/500 g (5.27-23.39%). Among them, the premium for
the attribute of 100% more space and outdoor access is the highest, reaching 10.477
CNY/500 g (23.39%). These results are generally consistent with other domestic studies.
For example, Wang and Wu (2013) [44] examined the consumption preferences of urban
residents in Changchun, Beijing, Hangzhou, Hohhot, and Chengdu, China, and found
that consumers were willing to pay 2.814 CNY/500 g (11.73%) more for animal welfare
pork.

However, the premium paid by Chinese consumers may be lower than that of West-
ern developed countries. Liljenstolpe (2008) showed in a study with a choice experiment
that Swedish consumers were willing to pay a 32% premium for outdoor-raised pork [45].
Denver et al. (2017) classified pig welfare as standard, medium, and high based on rearing
space, i.e., rearing space stipulated by current legislation (at least 0.65 m? per fattening
pig), 30% more space (at least 0.85 m?), and 100% more space (at least 1.3 m?), respectively
[27]. Their study showed that Danish consumers were willing to pay a 17-75% premium
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for medium-level animal welfare pork over standard animal welfare pork while willing
to pay a 14% premium for high-level over medium-level animal welfare pork.

Although there is a gap between consumers’ recognition of animal welfare and their
actual purchasing behavior, providing information on animal welfare certification may
become an important strategy to meet the differentiated needs of Chinese consumers. Cur-
rently, the packaging of fresh meat products in supermarkets, farmers” markets, and the
three online fresh food platforms—]JD Fresh, Suning Commerce and Fresh Hema—mainly
involves information about animal species, parts of the meat, origin, and brand. There is lack
of information regarding the farming methods with which the animals are raised. Consumers
have to buy meat products based on experience, i.e., relying on personal observations of meat
color, texture, etc. Our study found that consumers were willing to pay a significant premium
for animal welfare pork. Policymakers and production suppliers may be able to further in-
crease consumer confidence and product premiums by releasing information on the details of
good production processes for meat products.

How can consumers be provided with better information for making these decisions?
Information regarding animal welfare pork is well trusted by the populace [11]. Infor-
mation regarding animal welfare attributes can be a useful tool to indicate the high-quality
nature of the product if it is available to consumers through markings on the packaging
[46]. Many studies have shown that product labeling is an effective tool to ensure that
food products meet the individual needs of consumers, e.g., as in Gracia et al. (2011) and
Kehlbacher et al. (2012) [47,48]. Therefore, product labeling is increasingly becoming an
important regulatory strategy in the EU, especially as it relates to food safety issues [49].
Mandatory labeling, on the other hand, may lead to a negative selection of products with
low animal husbandry standards, thus reducing consumers’ choices. However, mandatory or
enhanced legislation can improve consumer welfare by increasing the private value of animal
welfare meat products [50].

An additional question is how to increase the market supply of animal welfare prod-
ucts. Many studies on willingness to pay for animal welfare have suggested potential
strategies for improving the market supply of animal welfare products. However, there
are still relatively few animal welfare products in the market, with the exception of a small
number of countries such as Switzerland, the UK, and the Netherlands. This suggests that
stakeholders in the food supply chain are very important for the improvement of animal
welfare.

As pointed out by Thorslund et al. (2017), many steps have to be taken to improve
farm animal welfare [51]. First, agribusinesses must be willing and able to produce to
higher welfare standards. Second, there must be economic incentives to enable firms to
gain, or at least not lose, revenue through animal welfare farming. Third, other entities
such as slaughterhouses and meat processors must be willing to sell special products with
animal welfare labels. Furthermore, retailers must be willing to market and sell the prod-
ucts. Lastly, consumers must be willing to buy the product at a premium price. In any
case, the supply of animal welfare products requires changes in the governance structure
between agricultural and production organizations in the food value chain. For example,
the issue of animal welfare has to permeate the entire value chain when it cannot be solved
at the end-handling stage, which in turn necessitates changes in the relationships between
value chain members. In addition, new forms of contractual arrangements between farms
and processors need to be established when animal welfare farming methods have been
differentiated at the farm (rearing) stage.

Farmers or animal breeding enterprises are the most important stakeholder group
for the improvement of animal welfare. Another reason for the low market share of farm
animal welfare products may be that producers have doubts about animal welfare. Alt-
hough many of them have positive attitudes toward farm animal welfare, previous stud-
ies have shown that only a minority of farmers recognize the need to improve the level of
animal welfare in livestock production systems [25,52]. Practically, production system ad-
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justments may entail high economic risks for producers, i.e., the cost of investment in im-
proving animal welfare may not be matched by a return and selling the product at a higher
price may itself be a big problem [53-55]. It has also been shown that farmers’ attitudes
are closely related to their behavior of improving animal welfare [56,57]. Future investi-
gation of farmers’ attitudes toward animal welfare farming is essential to understand their
actual willingness to participate in improving animal welfare and to increase the market
supply of animal welfare products in China.

4.2. Policy Implications

China is the world’s largest producer and consumer of meat. The present study po-
tentially contributes not only to promoting the high-quality development of animal hus-
bandry, but also to promoting the transformation and upgrading of consumption struc-
ture. The following suggestions can be made for meat production suppliers.

The first suggestion is to adjust the mix of improved animal welfare production con-
ditions. In developing product differentiation policies to address the issue of public claims
for animal welfare, animal welfare preference must be correlated with production costs.
For producers, the benefit—cost ratio of improving breeding conditions may vary greatly.
Producers may gradually improve the animal production environment and adjust animal
feeding methods according to the differences in consumers’ concerns about animal wel-
fare and their preferences for different welfare breeding conditions. In addition, they may
choose to prioritize animal welfare improvements by considering the farm’s own advan-
tageous conditions.

The second suggestion is to establish innovative contractual arrangements between
industry chain stakeholder groups. Farmers or enterprises are often bound by contracts at
the downstream production stage. It is necessary to involve the slaughter and processing
industries in the development of animal welfare standards so that farmers or enterprises
have the opportunity to operate under higher animal welfare standards. Additionally,
compliance with higher animal welfare standards is a long-term capital investment, and
producers may be able to leverage the financial guarantees provided by the downstream
industry both to gain the opportunity to produce a high-quality product and to escape the
financial pressures of improving animal welfare on their farms by increasing the profita-
bility of their animal products.

The third suggestion is to develop marketing strategies to differentiate animal wel-
fare products. Achieving better economic outcomes has always been the main motivation
for farmers to improve animal welfare. Manufacturers need to provide sufficient product
information to guide consumers to take responsibility and purchase animal welfare prod-
ucts rather than just treating animal welfare as a problem that needs to be addressed
through regulation. In addition, the consumers who buy animal welfare products are not
homogeneous. It is important to consider the heterogeneity in consumer preferences during
the market launch process, to segment the product market, and to improve the valuation of
and demand for animal products with higher-than-average welfare production conditions
from different consumer groups so as to obtain the best cost-benefit ratio.

5. Conclusions

The issue of animal welfare is still not commonly recognized and there are currently
no farm animal welfare-certified products in China. However, the Chinese government
has recently launched programs to improve animal welfare. For example, China approved
the establishment of the Animal Welfare International Cooperation Committee of the
China Association for the Promotion of International Cooperation in Agriculture in 2013.
Since then, more regulations and policies have been introduced, such as Farm Animal
Welfare Requirements for Pigs (2014), Meat Sheep (2015), Chicken (2017), Laying Hen
(2017), Cashmere Goat (2020), and Cows (2021). The process of promoting animal welfare
development in China is gradually accelerating. Soon, a widening range of animal-
friendly products will be available to meet the consumer demand in China.
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Improving animal welfare may lead to increased production costs. If consumers have
a willingness to pay for farm animal welfare, it will help strengthen the determination and
confidence of producers to improve animal welfare. In this regard, this paper examined
the consumer preferences for animal welfare pork using data from a choice experiment
with 1274 pork consumers in Guangdong province. The results showed that consumers
had a significant payment premium of 2.359-10.477 CNY/500g (5.27-23.39%) for pork
with different animal welfare characteristics. Products with the “100% more space and
outdoor access” animal welfare attribute are the most valued, followed by “optimal care”,
“fermented feed”, “recreational environment”, and “100% more space” attributes. The
study found no significant gender differences in consumer preferences, but age, educa-
tion, and income all had varying degrees of influence on animal welfare pork consump-
tion preference. The empirical findings are useful to both industry practitioners and deci-
sion-makers in promoting the transition to more sustainable animal welfare farming prac-
tices in society.

Our study has some limitations, which should be addressed by future research. Our
survey was conducted at the beginning of the global COVID-19 outbreak in 2020, when
quarantine and isolation rules were implemented in China. Further research is needed to
determine whether people’s consumption habits for products with animal welfare attrib-
utes could change before and after the pandemic. Additionally, despite the fact that the
scope of our study is limited to China, these results may produce useful pieces of infor-
mation that might help developing countries creating policies to improve animal welfare
and enhance their competitiveness in international trade of livestock products.
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Abstract: This paper studies the optimal restoration policy when a retailer-owned dual-channel
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Introduction

platform in China, reported a blockbuster of $14.3 billion in
sales during China’s Singles’ Day online shopping festival in

With the development of internet, a large number of
traditional retailers have opened online channels. The volume
of online channel transactions is continuously booming. It is
reported that China’s online retail transactions are estimated
at 2.75 trillion Yuan in 2015, compared with 1.22 trillion
Yuan in 2012 (Bloomberg News, 2013). Alibaba Group
Holding Ltd., the largest electronic commerce transaction
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2015 (Wong, 2015).

Though a large number of traditional retailers choose to
add online channels to their traditional retail channels, there
also exists another trend that some giant online retailers are
now opening brick-and-mortar stores to transfer part of their
online business offline. For example, Dell, famous for its
pure direct sales channel, began to sell products in retail
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stores (Ames, 2007). Amazon, the largest internet-based
retailer with 20 years of online book-selling experience,
opened the first brick-and-mortar store in 2015 (Halzack,
2015). The above practices show that retailers are now
taking initiatives to refigure their marketing channels and
operating both online and offline channels. And this retailer-
owned dual-channel differs from the traditional dual
channel in that the online channel is operated by the
manufacturer in the latter case.

Globalisation brings both opportunity and risk to the supply
chain operations. For example, unexpected natural disasters,
new technology adoption, and customers’ preference change,
all probably lead to dramatic demand disruptions to supply
chain operations. For example, the strongest earthquake in
Japan in 2011 causes concerns with food exports, and the
demand for the Megmilk Snow Brand Co.’s products
experienced dramatic demand increase (Chan and Leung,
2011). Hendricks and Singhal (2005) find that when facing
disruptive events, listed companies usually suffered as
large as 10% of decline in market capitalisation. When a
decentralised dual-channel supply chain experiences demand
disruptions, it is more complicated to restore the supply chain
efficiency, as the wholesale price and the channel sales prices
are usually determined by the manufacturer and the retailer,
respectively. Though there is already some literature on the
demand disruption management in a dual-channel supply
chain with the manufacturer operating the online channel
(Huang et al., 2012; Zhang et al., 2015), there is little research
on the demand disruption management of the retailer-owned
dual-channel supply chain, especially when the manufacturer
and the retailer have different decision powers. A natural
question arises on what is the optimal production restoration
policy when a retailer-owned dual-channel supply chain
experiences demand disruptions? What’s the impact of the
supply chain power structures on the optimal restoration
policy?

To address these questions, we consider a retailer-owned
dual-channel supply chain with one manufacturer and one
retailer similar to Chen et al. (2016). A manufacturer sells
the products to a retailer, who then serves end customers
through both the online electronic channel and the offline
retail channel. We consider two consecutive periods. In the
first period, a production plan is made based on the
estimated demand before the realised demand is known. In the
second period, some unexpected events occur and a demand
disruption is detected. Both firms need to adjust their decisions
in response to the demand disruptions. We consider three
supply chain power structures: the manufacturer Stackelberg
game (MY), the retailer Stackelberg game (RS), and the vertical
Nash (VN) game. By defining a virtual production cost
function, we obtain the optimal pricing and production quantity
adjustment policies under these different supply chain power
structures.

We have made some interesting observations. First, the
original production quantities are robust with demand
disruptions under different supply chain power structures. In
addition, the manufacturer’s original optimal wholesale
price is also robust with demand disruptions as long as the

disruption costs are borne by the retailer. Second, in the MS
and RS markets, the supply chain power structures have no
impacts on the optimal adjusted channel prices, and the
optimal adjusted wholesale prices depend on which party
bears the disruption costs. In the VN market, the optimal
adjusted wholesale price when the disruption costs are borne
by the manufacturer is higher than that when the disruption
costs are borne by the retailer, if and only if the demand
disruption is negative. At last, the decentralised dual-
channel supply chain has the same robustness as the
centralised dual-channel supply chain, which is in sharp
contrast with Huang et al. (2012).

Our work falls into the stream of dual-channel supply
chain management. There is substantial literature on channel
entry and competition (Chiang et al., 2003; Tsay and Agrawal,
2004; Arya et al., 2007; Kurata et al., 2007; Huang and
Swaminathan, 2009; Cai, 2010), supply chain coordination
(Chen et al., 2012; Xu et al., 2014), information sharing (Yue
and Liu, 2006; Yan and Pei, 2011; Lei et al., 2014),
information asymmetry (Mukhopadhyay et al., 2008; Li et al.,
2014, 2015; Cao et al., 2013), pricing and leadtime decisions
(Hua et al., 2010; Xu et al., 2012), and pricing and service
decisions (Chen et al., 2008; Dan et al, 2012). The
above papers all study the dual-channel supply with the
manufacturer operating the online channel. Recently, Chen
et al. (2016) consider a dual-channel supply chain with the
retailer operating both the online and offline channels. This
paper studies a dual-channel supply chain similar to Chen
et al. (2016) but with a different motivation. We intend to
study how to restore the supply chain efficiency with
demand disruptions under different supply chain power
structures.

Our work is also related to supply chain disruption
management. In this stream of research, Qi et al. (2004)
study the disruption management in a one-manufacturer-
one-retailer supply chain. Following Qi et al. (2004), some
researchers extend their model into different scenarios, for
example, Huang et al. (2006), Xiao et al. (2007), Xiao and
Qi (2008), Chen and Xiao (2009), Lei et al. (2012), Huang
et al. (2012), Cao et al. (2015), and Zhang et al. (2015). In
particular, our work is mostly related to Huang et al. (2012),
Cao (2014), and Zhang et al. (2015). Huang et al. (2012)
study the pricing and production decision in a dual-channel
supply chain with demand disruptions. Cao (2014) and Zhang
et al. (2015) further study the coordination contracts when a
dual-channel supply chain experiences demand disruptions.
Our work differs from the above literature in the following
aspects. First, we analyse the retailer-owned dual-channel
supply chain. Second, we investigate the optimal production
restoration policies under different supply chain power
structures. Third, we establish a virtual production cost
function to characterise the optimal restoration policy.

The rest of the paper is organised as follows. Section 2
presents the model setup and baseline case. Section 3 analyses
the optimal decisions in the manufacturer Stackelberg market
with demand disruptions. Section 4 analyses the optimal
decisions in the retailer Stackelberg market with demand
disruptions. The optimal decisions in the vertical Nash market
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with demand disruptions are studied in Section 5. Section 6
analyses some results and Section 7 concludes.

2  Model setup and baseline case

2.1 Model setup

The dual-channel supply chain considered in this paper is
similar to Chen et al. (2016). There are two selling channels:
one is the traditional offline retail channel, and the other is
the online electronic channel, which is depicted in Figure 1.
The manufacturer sells the product at wholesale price w to
the retailer, who then serves end customers through both the
offline retail channel at py, and the online electronic channel at
pe. We assume that the demands in the two channels are linear
in self-price and cross-price elasticity. This assumption is very
common in operations literature (Raju and Roy, 2000; Yue and
Liu, 2006; Kurata et al., 2007; Huang and Swaminathan, 2009;
Hua et al, 2010). For analytical simplicity, we further
assume that the self-price elasticity and the cross-price
elasticity are symmetric (Zhang et al., 2012; Chen et al.,
2016).

Figure 1 The retailer-owned dual-channel supply chain

(Chen et al., 2016)

Manufacturer

Wholesale
Price w

Retailer

Online Channel
Price pg

Offline Channel
Price pr

Market Demand

The demands in the offline retail channel and the online
electronic channel are given by

Dy(prspp)=(=pla-ap,+pp;, (1)
DE(pRapE):pa_apE+ﬁpRn 2)

where the subscripts R and E denote the offline retail
channel and the online electronic channel, respectively. The
supply chain’s total demand Dg.(py,p;)=Dy(Pr,Pr)

+D,(pg»>pr), where the subscript SC denotes the supply

chain. The demand functions in Equations (1) and (2)
indicate that demands in the two channels both depend on
the offline retail channel price pr and the online electronic
channel price pg. The parameter a represents the estimated
market potential. The parameter p captures customers’
preference for the online electronic channel. The parameter
a and f are the coefficients of the self-price elasticity of its
own channel and the coefficient of the cross-price elasticity
of the opposite channel. Following Hua et al. (2010) and
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Huang et al. (2012), assume o>/, which indicates that price
elasticity of the own channel is greater than the cross-price
elasticity of the opposite channel. The unit production cost
is ¢. Building upon the above notations and assumptions, the
profit functions of the retailer, the manufacturer and the
dual-channel supply chain are respectively given by

7o (P> Pg) = (Pr = W)Dp(Prs pp) +(Pg = W)Dp (P, pr) » 3)
Ty (W)y=(w=c)Dp(pp, ) +(W—C)Dp(pr,pr) » 4)
Zse(PrsPe) = (Pr —C)Dp (P> Pe) + (P =)Dy (pr> Pr) - (5)

Similar to Huang et al. (2012), we consider the disruption
model in two consecutive periods. In the first period, an
original production plan is made based on the estimated
market potential a; thus, the original optimal production
plan can only be made based on the estimated demand a. In
the second period, a demand disruption Aa is observed and
the realised demand is found to be a+Aa. Once a disruption
Aa is detected, some possible deviation costs occur. Let z
and /5 denote the unit underage cost and unit overage cost,
respectively. In order to avoid triviality, we further assume
that max {z4,46} <c, which is similar to Qi et al. (2004).

Let p, and p, denote the adjusted prices when a demand

disruption is observed. Throughout the paper, we use the upper
bar to denote the case of demand disruptions. Therefore, the
demands in these two channels, and the supply chain’s total
demand, are formulated as follows

Dy (P> Pr) =(1=p)a+Aa)-ap, + fp, (6)
EE(ﬁR’l_’E)zp(a"'Aa)_aﬁE+ﬂﬁR9 (7)
Esc(ﬁRaﬁE)=(a+Aa)_(a_ﬂ)(l_7R+ﬁ£)~ )

2.2 Baseline case: centralised supply chain

As the benchmark, we first analyse the optimal decisions with
demand disruptions in the centralised supply chain. Denote

the original optimal production quantity as Q. To avoid

triviality, we assume that a+Aa>0 always holds to ensure that
both channel demands are nonnegative. If a demand
disruption Aa occurs, there will be possible disruption costs
emerging form supply and demand mismatch. To be specific,
if the demand exceeds the original production plan, then
another production may be launched to increase the supply,
otherwise, some material may be disposed.

The supply chain’s total profit under demand disruptions
can be formulated as

ﬁSC(ﬁR’ﬁE) = (1_7R _C)Bk(ﬁk’ﬁE)_'_(ﬁE _C)DE(ﬁR’ﬁE) (9)
—H (Bsc _Q*)+ _ﬂz(Q* _Dsc)+a

where a"™=max{a,0}. In equation (9), the first term denotes
the profit in the offline retail channel, the second term
denotes the profit in the online electronic channel, the third
term denotes the possible underage cost and the fourth term
denotes the possible overage cost. Note that overage cost
and underage cost cannot happen simultaneously.
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For ease of exposition, we define two thresholds for the
demand disruption Aa: Aa = 2(a—-pP)y, and Aa=-2(a—
B, . We also define the following critical virtual production
cost function as

-1, if Aa < Aa,
VC(Aa) = 2(3—% if Ada <Aa < Aa, (10)
7 if Aa >A_a,

which will be used throughout the paper. The function
VC(Aa) is a mapping from the demand disruption Aa to a
cost-related term. In other words, for any given demand
disruption Aa, there always exists a corresponding virtual
unit production cost VC(Aa). We can interpret VC(Aa) as
the cost-related parameter corresponding to the demand
disruption Aa. This interpretation will help describe the
market characteristics.

The following Lemma 1 characterises the optimal
pricing decisions for the centralised retailer-owned dual-
channel supply chain with demand disruptions. This result,
presented in Huang et al. (2012) in the dual-channel supply
chain with the manufacturer operating the online channel,
still holds in our framework. We rewrite it by utilising the
virtual unit production cost function V'C(Aa) defined in (10)
and list it here to make the paper self-contained. Note

that p; = ]_7; |Aa:0 > p; = f’; |Aa:0 b and Q* = Q* |Aa:0 , We Omlt
the details here for simplicity.

Lemma 1: In the centralised dual-channel supply chain with
demand disruptions, the optimal pricing decisions and the
supply chain’s optimal production quantity are

—_a(l-p)+pPp 1
pR_—2(a2—ﬂ2) (a+Aa)+2(c+VC(Aa)),

Dy = W(a + Aa)+%(c +VC(Aa)),

o :%[(a +Aa)-2(a - B)(c+VC(Aa))].

And the supply chain’s optimal profit is

= _ap’ +2fp(-p)+a(-p)’

< 2 — ) (a+Aa)’
—%(a +Aa) (c + VC(Aa))
+—“;ﬁ (c+VC(Aa))’ +—(a - 2(j ~P)) VC(Aa)

3 Manufacturer Stackelberg (MS) game

Similar to Zhang et al. (2012) and Chen et al. (2016), we
consider three supply chain power structures, i.., the
manufacturer Stackelberg game, the retailer Stackelberg game
and the vertical Nash game. In this section, we consider the
manufacturer Stackelberg market. The sequence of the events
is as follows: First, the manufacturer announces the wholesale
price w; then the retailer announces the offline retail channel

price pr and the online electronic channel price pg; finally,
customer demand is resolved and the profits are realised
accordingly. Following Chen et al. (2016), when there is
no demand disruptions, the optimal production quantity
0" =[a—2(a—B)c]/4.

With demand disruptions, the retailer’s profit function is

determined by
T2 (Do Pi) = (Dg — W) [(1- p)a+Aa)—ap, + BD, ] an
+(py —W)[pla+Aa)—ap, + BD;]

And the manufacturer’s profit function is determined by
T (W) =(W-0)[(a+Aa)—(a—B) P+ D))
—H (BSC - QMS)+ —H, (QMS - _SC)+

where the first term is the manufacturer’s profit from both
the offline retail channel and online electronic channel, the
second term is the possible underage cost and the third term
denotes the possible overage cost.

) (12)

Proposition 1: In the MS decentralised retailer-owned dual-
channel supply chain with demand disruptions, the optimal
pricing decisions are

_wus _[al=p)+fp 1 l

R —[ 2 ) +S(a_ﬂ)J(a+Aa)+4(c+VC(Aa)),
_us _[ap+p(1-p) 1 l

s —[ 2N ) +S(a_ﬂ)J(a+Aa)+4(c+VC(Aa)),
—ws 1 1

w —4(a_ﬂ)(a+Aa)+2(c+VC(Aa)).

The optimal production quantity 0" = % [(a+Aa)-2(a-p)
(c+VC(Aa))].

Proposition 1 gives the optimal prices adjustment policy in
the MS decentralised dual-channel supply chain. If there is a
demand disruption, both the manufacturer and the retailer need
to adjust their respective pricing decisions. And the adjusted
optimal price is the original price plus a new term, which can
be interpreted as the optimal price in a new market with market
demand Aa and unit production cost VC(Aa). The adjusted
optimal production quantity is the original production quantity
plus an additional optimal production quantity for the market
with market demand Aa and production cost VC(Aa).
Proposition 1 also implies that the original production quantity
has some robustness with demand disruptions in the MS
market. The manufacturer needs to adjust the production
quantity if and only if the demand disruption Aa is very high

or low, i.e, Aa<Aa or Aa> Aa. When Aae [M,E] ,
QMS — QMS
Under the optimal pricing decisions defined in Proposition 1,

the manufacturer’s optimal profit, the retailer’s optimal profit,
and the supply chain’s optimal profit are

7 = 6(0(;_@[(61 +Aa)-2(a —ﬂ)(c + VC(Aa))]2

+%(a -2(a - B)c)VC(Aa),
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7 z(apz +2fp(-p)tal-pf __3 ] (a+ Aay’
' - %) 32(a- )
—%(a +Aa)(c+VC(Aa))+ “;ﬂ (c+VC(Aa)),
7 :(apz +2fp(l-p)rall-pf 1 ] (a+ Aa)’
e ) 32(a-p)

—g(a +Aa)(c+ VC(Aa))+@(c+ VC(Aa))

+—(“"2(‘;‘"ﬁ )V yciam.

4 Retailer Stackelberg (RS) game

In the RS market, the retailer acts as the Stackelberg leader and
the manufacturer the Stackelberg follower. The sequence of the
events is as follows. First, the retailer announces both the
offline retail channel price px and the online electronic channel
price pg. Then the manufacturer announces the wholesale price
w. Finally, customer demand is resolved and the profits are
realised. Following Chen et al. (2016), when there is no
demand disruptions, the optimal production quantity
0% =[a-2(a-p)cl/4.

We next consider the scenario when there is demand
disruption in the decentralised RS market. Assume that the
disruption costs are borne by the party who is in the dominant
position, which is in essence similar to Qi et al. (2004) and
Huang et al. (2012). In the RS market when there is a demand
disruption, we assume that the disruption costs are borne by
the retailer. This assumption is reasonable because the
manufacturer is in the follower position and only needs to
follow the retailer’s ordering quantity decisions. Following
Zhang et al. (2012) and Chen et al. (2016), we assume that
with demand disruptions, the marginal profit for the offline
retail channel is 7, = p, —w and the marginal profit for the

online electronic channel is 1, = p, —w.
The manufacturer’s profit function is determined by

Ty (W)= (w=0c)[(a+Aa)—(a - B) Py + Py)] (13)
=(v_v—c)[(a+Aa)—(a—,B)(n_1R +iny +2vT/)].

And the retailer’s profit function is determined by
T8 (Bao Be) = (B~ W[(1- p)a+ Aa) — aP, + P ]
Py —W)[p(a+da)-ap, +fp,]
—H (Esc - QRS )+ —H (QRS - Esc)Jr >

where the first term is the retailer’s profit from the offline
retail channel, the second term is the profit from the online
electronic channel, the third term is the possible underage
cost, and the fourth term is the possible overage cost.

(14)

Proposition 2: In the RS decentralised retailer-owned dual-
channel supply chain with demand disruptions, the optimal
pricing decisions are
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_ts :(a(l—p)+ﬁp+ !

1
@) 8<a—ﬂ)j(a+A“)+Z(C+VC(A"))’

e =(“p+f(1_2p)+ ! j(a+Aa)+l(c+VC(Aa)),
A =p)  8la=p) 4

—RS _ é _l

we = Sa—p) (a+Aa)+4(c 3VC(Aa)J.

The optimal production quantity Q" = i[(a +Aa)-2(a-p)

(c+VC(Aa))].

Similar to subsection 3.2, we find that in the
decentralised RS market if there is a demand disruption, the
retailer has to adjust the offline retail channel price and
online electronic channel price simultaneously. From the
point of view of the retailer, she is now facing a
combination of two different markets. One is the original
real market with market demand @ and unit production cost
¢, and the other is a new virtual market with market demand
Aa and unit production cost V'C(Aa). From the point of view
of the manufacturer, he is now also facing a combination of
two different markets. One is the original real market with
market demand a and unit production cost ¢, and the other is
a new virtual market with market demand Aa and unit
production cost —VC(Aa)/3. Therefore, when the disruption
costs are borne by the retailer, the virtual unit production
cost for the new market is different for the manufacturer and
the retailer. And this is in sharp contrast with the result in
Proposition 2.

Specifically, if the disruption costs are borne by the
retailer, the manufacturer’s original wholesale price is also
robust with respect to demand disruptions if and only if
Aa e [M,A_a] . Comparing Proposition 1 and Proposition 2,
we find that the robustness of the original wholesale price is
different. When there is a mild demand disruption, if the
disruption costs are borne by the retailer, the retailer can
adjust the online and offline prices simultaneously to
eliminate the impact of the demand disruption. Therefore,
the impact of the demand disruption will not be conveyed to
the upstream manufacturer through the wholesale price.
By contrast, if the disruption costs are borne by the
manufacturer, the retailer has to change the wholesale price
to convey the demand disruption effect to the downstream
retailer. Besides, the two supply chain power structures, i.e.,
MS and RS, have no impact on the retailer’s adjusted
optimal channel sales prices. However, they do have
significant impacts on the manufacturer’s optimal adjusted
wholesale prices.

Under the optimal pricing decisions defined in Proposition 2,
the manufacturer’s optimal profit, the retailer’s optimal profit,
and the supply chain’s optimal profit are

—=RS 1 ’
7 =y (a8 -2a- p)(e +vCa)]
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s :[a/f +2fp(-p)+a(-p) 1
’ 4o~ ) 16(a-f)

—%(a+Aa)(c+VC(Aa))+ “;ﬁ (c+VC(Aa))

J(a +Aa)’

+w VC(Aa),
7 :(apz +2fp(-p)ral=p) I j (a+ Aay
Aa’ - f7) 32Aa-p)

—%(a +Aa)(c+VC(Aa))+3(aT_’B)(c+ VC(Aa))

JlazAa=p)) _2(3 2 ye(a),

5 Vertical Nash (VN) game

In the VN market, the manufacturer and the retailer are in the
identical power positions and move simultaneously. The
sequence of the events is as follows. The retailer announces
the offline retail channel price p; and the online electronic
channel price pg, meanwhile, the manufacturer announces the
wholesale price w; then customer demand is resolved and the
profits are realised according to the announced prices.

We first analyse the scenario of no demand disruptions
in subsection 5.1, and then analyse the scenario of demand
disruptions in subsection 5.2. Since both parties have
identical power, we consider two simple scenarios: the first
scenario is that the disruption costs are borne by the
manufacturer alone, and the second scenario is that the
disruption costs are borne by the retailer alone. Though
there does exists other possible disruption costs undertaking
arrangement, for example, both parties can negotiate to
share the disruption costs, we limit our attention to these
two simple cases, partially because it is tractable to obtain
analytical results and is sufficient to characterise the impacts
of supply chain power structures. Following Chen et al.
(2016), when there is no demand disruptions, the optimal
production quantity Q" =[a—2(a— B)c]/3 . Similarly, we
assume that with demand disruptions, the marginal profit for
the offline channel is 7, = p, —w and the marginal profit

for the online channel is m, = p, —w.

5.1 The disruption costs are borne by the
manufacturer

When the disruption costs are borne by the manufacturer,
the manufacturer’s profit function is determined by

Trnty (W) = (%, =) (a+Aa)~(@=B)Pay + P |
~t4(Dye =0™)" = 1 (Q™ ~ Dy )’ 15)
= (i, =) (a+Aa)—(@— By, + iy, +230,) |
~14(Dye =0™)' —1(Q™ =Dy )",

where the subscript (1) denotes the first scenario, i.e., the
disruption costs are borne by the manufacturer. And the
retailer’s profit function is determined by

7_7?(\{) @R(])al_’E(l)) :@R(I) —v_v(]))[(l—p)(a+Aa)—aﬁR(l) +ﬁ]_7£(1):| (16)
HPr) —v'vm)[p(a+Aa)—apEm +,5'I_9R(1>]-

Proposition 3: In the VN decentralised retailer-owned dual-
channel supply chain with demand disruptions, if the disruption
costs are borne by the manufacturer, then the optimal pricing
decisions are

—w _a(l=p)+pfp 1

Pro =@ = ) (a+Aa)+12(a—ﬁ) (a+4a)
+%(c+VC(Aa)),

s _ap+p-p) 1

Pro =5 ) (a+Aa)+—12(a_ﬂ)(a+Aa)
+l c+VC(Aa)),

Heercan)
—IN 1 2
Wa) :aa—_lg)(a+Aa)+§(c+VC(Aa)).

The optimal production quantity Q(Vl\)/ = %[(a +Aa)-2(a-p)
(c+VC(Aa))].

Proposition 3 presents the optimal prices adjustment
policy in the VN decentralised dual-channel supply chain.
Both the manufacturer and the retailer need to adjust their
pricing decisions in the presence of demand disruptions.
And the adjusted optimal price is the original price plus a
new term, which can be interpreted as the optimal price in a
new market with market demand Aa and production cost
VC(Aa). Proposition 3 also shows that the original production
quantity has some robustness with demand disruptions. The
manufacturer does not need to adjust the production quantity if

the demand disruption is mild, i.e., Aa € [M,A_a] .

Under the optimal pricing decisions defined in Proposition 3,
the manufacturer’s optimal profit, the retailer’s optimal profit,
and the supply chain’s optimal profit are

=VN l 2
T :m[(a +Aa)-2(a-f)(c+VC(Aa))]

+(a—2((;c——ﬁ)c)VC(Aa)’
v _[ap’+2pp(-p)+al=p) 5 (a+Aay
o 4’ -p) 72(a - )

—%(a+Aa)(c+VC(Aa))+2(aT_ﬁ)(c+VC(Aa))2,
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o [ +2pp(-p)tal-p) 1
v U - ) 72(a-p)

—g(a +Aa)(c+VC(Aa)) +@(c+ VC(Aa))

N (a —2(0;—ﬂ)c)

](a +Aa)’

VC(Aa).

5.2 The disruption costs are borne by the retailer

When the disruption costs are borne by the retailer, the
manufacturer’s profit function is determined by

7_73(2)("_") = ("_V(z) —0) [(a +Aa) _(a_ﬂ)(ﬁk(z) +ﬁ5(2)):|
(17
= (i, —0)[ (a+Aa)—(@— )iy, +7M1y5) +23W,5)) |

where the subscript (2) denotes the second scenario, i.e., the
disruption costs are borne by the retailer. And the retailer’s
profit function is determined by

7_[1?(2) @R(z) 71_75(2)) = @R(z) —171/(2) )[(l —p)a+Aa)— apR(Z) +ﬂﬁ£(2)]
+(l_7£(2) _V_V(z))[p(a +Aa)—0![_7E(2) +ﬁl_7R(2)] (18)
—H (DSC _QWY _/uz(gW _Dsc)Jr-

Proposition 4: In the VN decentralised retailer-owned dual-
channel supply chain with demand disruptions, if the disruption
costs are borne by the retailer, then the optimal pricing
decisions are

—w _a(l=p)+fp 1

Pri2) _—2(0(2 —,32) (a+Aa)+—12(a—,B) (a+Aa)
+%(c+VC(Aa)),

—w _ap+pBl-p) 1

£ _—2(0:2 e (a+Aa)+—12(a_ﬂ) (a+Aa)

+§(c+VC(Aa)),

. 1 2 1

Wiy =6(a—_ﬂ)(G+A0)+g(C—EVC(AG)j.

The optimal production quantity Q(VZI\: = %[(a +Aa)-2(a—f)

(c+VC(Aa))].

Proposition 3 and Proposition 4 show that no matter
which party undertakes the possible disruption costs, the
adjusted prices are the same for the retailer. When
confronted with demand disruptions, the retailer faces a
combination of two different markets. One is the original
true market with market demand @ and unit production cost
¢, and the other is a new virtual market with market demand
Aa and unit production cost VC(Aa). The optimal pricing
decisions are just simply to add together the optimal prices
for these two markets by assuming that there is no demand
disruption.

223

However, from the perspective of the manufacturer, he
is now also facing a combination of two different markets.
One is the original true market with market demand a and
unit production cost ¢, and the other is a new virtual market
with market demand Aa and unit production cost
—VC(Aa)/2. The optimal wholesale price is just simply to
add together the optimal wholesale prices for these two
markets. Therefore, when the disruption costs are borne by
the retailer, the virtual production cost for the new market is
different for the manufacturer and the retailer. And this is in
sharp contrast with the results in Proposition 1 and
Proposition 3. Similarly, if the disruption costs are borne by
the retailer, then the manufacturer’s original production
quantity is also robust with respect to demand disruptions
ie, O =0 if Aae[Aa,Aa].

Under the optimal pricing decisions defined in Proposition 4,
the manufacturer’s optimal profit, the retailer’s optimal profit,
and the supply chain’s optimal profit are
7 :;[(a +Aa)~2(a~ ) (c+VC(8a)) |
" 18(a - p) ’

oy [mf+uma—m+aa—m2_ 5

Ty Ko - ) T2(a-p)

—%(a +Aa)(c+VC(Aa)) +2(“T_ﬁ)(c+ VC(Aa))'

J(a +Aa)’

+(a—L3—ﬂ)c) VC(Aa),
v _[ap'+2pp(-p)+ali-p) 1 (a+Aa)’
- Ao’ =) 72(a=p)

—g(a +Aa)(c+VC(Aa)) +@(c+VC(Aa))Z

J‘“L;ﬂ)c) VC(Aa).

6 Analysis

In this section, we analyse the properties of the optimal
adjusted prices and production quantities with demand
disruptions in the retailer-owned dual-channel supply chain.
We have the following observations.

Observation 1. In the VN market with demand disruptions,

—VN _ —VN : .
W,y < W, ifandonlyif Aa<0.

Proposition 3 and Proposition 4 together imply that in the
VN market, no matter which party bears the disruption costs,
the retailer’s optimal adjusted prices are the same. Even under
different disruption costs undertaking arrangements, the retailer
does not need to take these arrangements into account, because
the disruption costs undertaking arrangements have no direct
impact on the retailer’s optimal adjusted prices. However,
Observation 1 shows that the arrangement that the disruption
costs are borne by which party does impact the manufacturer’s
optimal wholesale adjustment decision. Specifically, compared
with the scenario where the disruption costs are borne by the
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manufacturer, if the demand disruption is negative, then the
manufacturer will offer higher wholesale price when the
disruption costs are borne by the retailer. On the contrary, if the
demand disruption is positive, then the manufacturer will offer
lower wholesale price when the disruption costs are borne by
the retailer.

Observation 2. The wholesale prices w" and vT/(Vz'\; are

robust with demand disruptions if Aa €[Aa,Aa].

Observation 2 shows that the manufacturer’s original
wholesale price is robust if the demand disruption is mild
and the disruption costs are borne by the retailer, which is in
sharp contrast with Huang et al. (2012). The rational is that
in the dual-channel supply chain where the retailer operates
two channels. Once a demand disruption is observed, the
retailer alone can take efficient pricing adjustment policy to
tackle the disruptions, so that the impact of demand disruptions
will not be conveyed to the manufacturer through the wholesale
price. However, in the dual-channel supply in Huang et al.
(2012), the manufacturer and the retailer operate the online
channel and the offline channel separately. And once a demand
disruption is observed, the manufacturer has to adjust the
online channel price and wholesale price simultaneously.

Observation 3. The original production quantities have the
same robustness with demand disruptions under different
supply power structures, and they are the same as that in the
centralised supply chain.

Observation 3 also reveals a different result compared
with Huang et al. (2012). Their study finds that the
robustness of the original production quantity depends on
customers’ preference to the online channel. However, in
the retailer-owned dual-channel supply chain, the robustness
of the original production quantity in the decentralised
supply chain is the same as that in the centralised supply
chain. The underlying reason is that in the traditional dual-
channel supply chain with the manufacturer operating the
online channel, the online electronic channel price and the
offline retail channel price are controlled by the manufacturer
and the retailer, respectively. However, in the retailer-owned
dual-channel supply chain, these two prices are both controlled
by the retailer. In other words, when facing demand
disruptions, the retailer has two efficient restoration tools,
online electronic channel price and offline retail price, to
keep the original production quantity unaffected when the
demand disruption is mild.

7 Conclusions

Many giant retailers are opening the online channels to
offer more convenient purchase experiences to customers.
Though this operation strategy helps the retailer reach more
customers, it also increases the managerial difficulty when
the market demand experiences demand disruptions. Once a
demand disruption is observed, the retailer-owned dual-
channel supply chain will make some adjustments to restore
the supply chain performance. In this paper, from the supply
chain power structures, we consider the optimal pricing and

production quantity adjustment decisions under the
manufacturer Stackelberg market, the retailer Stackelberg
market and the vertical Nash market, respectively, when a
demand disruption is observed.

We establish an easy way to adjust the prices and
production quantity through defining a virtual production
cost function. The adjusted optimal production quantity and
prices can be interpreted as the original production quantity
and prices plus an adjusted term, which can be treated as the
optimal decisions in a virtual market with the demand
disruption and the virtual production cost. We find that under
different supply chain structures, the original production
quantities all have some kind of robustness. In addition, the
party who bears the possible demand disruption costs has
significant impact on the optimal adjusted wholesale price.
Specifically, if the possible disruption costs are borne by the
retailer, the original wholesale price also has some robustness
with demand disruption. However, if the possible demand
disruption costs are borne by the manufacturer, the
manufacturer will always adjusts his wholesale price once a
demand disruption is detected.

There are also some limitations in our paper. First, we
focus on the pricing and production adjustment policy and does
not address the coordination issue with demand disruptions,
since the coordination of the dual-channel supply chain with
demand disruption is somewhat difficult (Cao, 2014; Zhang
et al., 2015), especially when the different supply chain power
structures are considered. Second, we do not consider the
possible service or lead time decision in the retailer-owned
dual-channel supply chain. In practice, the retailer can add
retail service to increase the channel demands. These can be
interesting work in the future.
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Appendix

Proof of Proposition I: 1t is easy to verify that 7, (p,,P,) is jointly concave in p, and p, . Therefore, given the manufacturer’s

- . . . - .. _ 1- 1_
wholesale price w, the retailer’s optimal responsive pricing decisions are p,(w) :%(Cl +Aa) +EW and
ol —
1- 1 . . . .
p(W) =%(ﬂz')m(a +Aa)+5vT/. Integrating with the manufacturer’s profit function defined in (12), the manufacturer’s
ol —

optimisation problem can be rewritten as
= = 1 = = n + n +
max 7, (w) = E(w— c) [(a +Aa)-2(a —ﬂ)w] — 1 (Dg. —0"™)" — 1, (0™ - Dy.)

We consider the above problem in two different cases:

1 If Dy >Q", the actual demand exceeds the original planned production quantity, and there is possible underage cost.
Then the manufacturer’s problem can be simplified as

max 77, () :%(v_v—c)[(a +Aa) —2(a—ﬁ)v_v] -4 K%(a +Aa)—(a —ﬂ)v_vj —%(a -2 —ﬂ)c)}

s.t. %(a +Aa)-(a-pPyw= %(a -2« —,B)c)

2 If BSC < 0", the actual demand is less than the original planned production quantity, and there is possible overage cost.
Then the manufacturer’s problem can be simplified as

max 7, (w) = %(v_v—c)[(a +Aa)-2(a —ﬂ)vT/] - i, {i(a —2(a—,3)c)—(%(a +Aa) —(a—,B)vT/H

s.t. %(a+Aa)—(a—ﬁ)W£%(a—Z(a—,B)c)

The objective function 7, (W) is concave in W and the constraint is linear in # , therefore, there is only one optimal solution to

each of the above optimisation problem. Solving the above two optimisation problems, we can obtain the manufacturer’s optimal
wholesale price w** . Substituting it to the retailer’s optimal responsive pricing decisions, we can obtain p5" and py"° .

Proof of Proposition 2: We derive the optimal pricing decisions by backward deduction. We first derive the manufacturer’s
optimal responsive pricing decision in the second period. From the analysis in subsection 4.1, the manufacturer’s optimal

responsive pricing decision is W(ﬁR,ﬁE)zﬁ_m(a+Aa)—%(ﬁk +p;)+c. In the first period, after anticipating the

manufacturer’s optimal responsive pricing decision W(p,, p, ), the retailer’s optimal pricing decisions are the solutions to the
following optimisation problem

max;flfs(pk,ﬁE) :{I—,R —m(a+Aa)+%(ﬁR +[_)E)—c}[(l—p)(a +Aa)—ap, +,B;_75]

+|:ﬁE _ﬁ(a"'Aa)"’%(ﬁR +ﬁ£)_c:|[P(a+Aa)_aﬁE +,Bﬁ1<]_/v‘1(55c _QRSY _ﬂz(QRS _ESC)+

Solving the above two optimisation problems, we can obtain the retailer’s optimal offline retail channel price p,° and online
electronic channel price pj° . Substituting them into the manufacturer’s optimal responsive pricing decision W(p,,p,), we
can obtain the manufacturer’s optimal wholesale price w" .

Proof of Proposition 3: In the VN market, both the manufacturer and the retailer move simultaneously. We first analyse the
retailer’s profit function. From (16) we know that the retailer’s optimal response pricing decisions are given by

a(l-p)+ fp ap+p(1-p)
2a* - p?) 2Aa* - p?)

two cases: Dg. > Q"™ and Dy < Q™.

Dray(W)) = (a+Aa) +%W(l) and p,,(W,) = (a+Aa) +%W(l) . We then consider the following
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Solving the above two sub-problems, we can obtain the manufacturer’s optimal responsive pricing decision

a+Aa
2(0[ 8) z(pR(1)+pE(l))+c u, ifAa<(a- IB)(pR(l)+pE(l)) (a+(a ﬂ)c)
o _ a+Aa
W(])(pR(l)spE(l)) 2(0( 8) z(pR(])+pE(l))+c A ifAa=(a- ,B)(pk(l)+p5(1)) (a+(a ﬂ)c)
a+Aa
2(a 5 2(PR(1)+PE(1))+C+/11 if Aa > (&= B) Pry + Pray) — (a-i—(a ﬁ)c)

where A is the constant such that Aa=(a-/f) [ﬁR(l)(w(l)(/l))+ﬁE(l)( )(/1))] a+(a B)c). Combine the

manufacturer’s optimal responsive pricing decision W, (Pg)» Prqy) With the retailer’s optlmal response pricing decisions

Pray(W,)) and p, . (W,), we can obtain the retailer’s optimal pricing decisions pRm and pE(l), as well as the

—VN

manufacturer’s optimal pricing decision w, .

Proof of Proposition 4: In the VN market, both the manufacturer and the retailer move simultaneously because they have the
same decision power. We first analyse the manufacturer’s profit function. From (17) we know that the manufacturer’s optimal

responsive pricing decision is given by W, (D) Pr)) = Z(JA,%’) 2(p,e(2)+pE(2))+c We then analyse the retailer’s

problems and consider the following two cases: Dg. > Q" and Dy. < Q" , respectively.
Solving the above two sub-problems, we can obtain the retailer’s optimal responsive pricing decisions are

%(a +AQ) (T~ 1) if Aa < 2(a - B)(, —ﬂ2>+§[a “2a-p)e]
. _ 2
5 (moy=ils p)+/3p( + Ay @300+ 4@ e if 2(a = B)(We) ~ o)+ Sla=2Aa =Pl < Aa
kM) T 0 ) 2(a-p) _ 2
<2 Py + )+ 3la 2~ f)c]
1- 1 _ . _ 2
%(a +Aa)+5(w(2) + 1) if Aa 2 2(a - ) (W, +,u])+§[a -2(a—-p)c]
%ﬂﬁ’)’)( a+8a)+ (T, - ) if Aa < 2(a ~ f)(, - ) + 3 1a—2(a - f)c]
. _ 2
5o ()= BELA=P) gy, @¥380)+ 4@ p)e f2a=f)(Wa = ) +5la=2a =< ha
T (e’ 12(a- ) - 2
<2a- Ao + )+ 2 [a-2a- el
1- 1 _ X _ 2
W(‘VFA")‘FE(W@*'M) 1an22(a—/§’)(w(2)+yl)+§[a—2(a—ﬁ)c]

Combining the retailer’s optimal responsive pricing decisions py, (W,,) and p,,,(W,,) with the manufacturer’s optimal
response pricing decision W, (Pgq» Pr(r)) » WE can obtain the retailer’s optimal pricing decisions pRm and pE(l), and the

manufacturer’s optimal pricing decision ) .

227






"AEZEYA b
BN EE ClEEE

% 58

HE AN el ch 3 1 WAL = 25 Y 8 B X B R

«WHE-ME, B=ER (7Y BENTZENE (WD 8—) W46 (L)) %
gy S8 Mfalk BEE ¢
XN By

229









(B TR
(27 BT EEE (WO #—) ‘BREE

i # & & £ Y

Y h Y NG FRY QB XN e ~HGE-E, H=83W
UFRERY Y ey

232



. F =

S = o MM BN B S YRSk
R B T 3G S ] W i 3 S (O » GR Eg
R %

D*B

T

=N QOO L)

P

233



fdt) KA BRE LTRSS AH A

B s St OR A

A w AR Ak K

P AT B UL SRR PR TR 2 (R
F4ft 3k % ACKHS 44 A 7= RESREE) A S A 4t B A Ak £
6 10 T &R FLAT 48 S, 84 A B R A TTRA, (F
4042 B T IA AR TE By RS B
/N R KR [ B FFR T — 45 . 18YJCT90079 ),

4 AR

234



[~ HRIKTRG &4 RV e A X RE Y

BE: ot T RREARLGLHZI%, REFE R “1310”7
IRAEFONERR, RBGERELEZRAN TR, XA T#H
RARBZEKOGA R ELSTKIRE &, A AESTHERE, HE

e Rk K IRAAIT KA 13 T 38 AMTHAT 1100 AR P 89N P
WRIZAE DT, KA KBEFREBEITHELE*, A THRIN G
AR, AT RREAAL T THREHLTE, FERXKTIFHK
Bk o A, B85 e PARIR G T DR R P RAGLRE £
At ], WA RSN R L BT KAGAE TR I 2%
& RASIA N T HEN L EE LT,

T T AWMERAEE, B BHRELE, RFEA
SaffigEe” , WAAERMESE “GAFLRESL L
B” WERERRELA, EABEFT, REEL T EHR
e, RERT, XERRA, TERE. ABEREREE

FRENEHEX REABRWEENTF, BRMHESL
FRE13107# F WA EE K

LR, REABEREFFTRFE 80%U L, £
EERMANKF . RRABERECEFBAKR, BFE, BE
B. A, RV AFRAAN 2021 £, EE=F

235



XA ARG A AL E AR AR 13 AN HUK T 38 AN AT AT EY
1100 £ AR P #HAT T AP RIFELEAEF, UEBERE ABE
FRIEARERN, LW FAER A, R HAELEN.

—. RERFPARBEFETEEZIZARR

BREDRKPIEEUEGR TR RARG L, FEiri
FEHR., RALFNEREER DT, T3%HHEARRK P £K
MEFHERRA “Z4&7 (AWEE. SHEEAE. 25
FE#ER i H Al R B E AL, = BEER, EF LU
BEXE, BREEEH, Rea X ERaddsfg, &
W, MILEEREN, BREREERE, ROKRGHAE)
FEH A, 4.4%89 B AR P 5 51 FHRAT IR L EIRET 3
B, 4.5%HFE AR P 5 FI A LS, 5.5%89 4 AR K P HH £
KE, 123%MFERRFPEHDERIE, 3L.1%NERKF 5
5507 Gk, 58.8%MIAF A K P AEAT 1 B B b TR AL E iR
BARH

—ERPABEFUBGBFACEER. R ERAES
FRHEEFBRERERAME, AKkTFERAL, % 2020
ERFHREENANGEABEEAAEKRSGREMEN 153
NTIE . RAAEEEEERDT, BRAKF XEEFHT
H AN & 4 20.85 A JT/8, (B 5.7%MBERRK PN B
CHAARLE. RPF—ERIAERE, iR ThARARE,
ARBFE MM, RALE B FELERLT, 44.0%H A

2

236



KPEREERAHAETTRHA ST E. AEHRANES
BKGEHEEERN, REEHMAENHEE. KEAEUR
FAR, BEEZHEFRRT RSk A AKHRE L2,
“RRPABEFERTNRAKNBEEMR. £HAHE
EFFEERERANFTHANHE, HhHh. KEFY, Ba K
HOEHENREFTRE TR RAHLFNEHELERDT,
00.2% A [ 3518 HL#, 85.3%:h H 3 F ALY, KAk
MEEREZNMAGBE LR KEERA . HHFOTA LK
LR, 1% EEMBE, 94%HEE, 6.9%WMIE, 171F
41.5% E R E A T4, IR AE MRS ERE
HAEHES, TFEAEFHARN. RALASHEELERE
T 4 AH 94.5%F 93.6% I B AR PN AALH . LR 5
B ZIRE, L BIH 82.8%Fr 80.0% 1 # A K F i & BT W F#Y
M. HLR 55 80.6%MI AR P £ KB EEHWE
WROR, WA FEHERA; MEABLHENFEARK
Fo, T81%M AR P s/ NBIR E1TH s, wERTFHRE
BN NRFABHEBRAER, HEARLBENEFHH
fR .
ERRPAESHERFASERRK. KEHKFP REX
HoEAKE, RAA NS BAELERZLT, 631%MEALRF
WARLESHENRE “FHEEE” , 27.1%HWHELRARF
WhH “EE” ., B, RPFE—ERE FERATABEE £,

237



673%MBFEARF AR RBEREMRATNRY, 53.0%MF K
RP ARG AR HEATT EFLE,

. RAEBARP ARBRE A 5B EIE = A

AMAKREREE, THER, 288 LW TRERT —
FIVMGERGREATH, HPEFLMNEA. BEAHEAMFA
HREFTRK, EHE B4 LTHRLERSGEEETE,
IHARWIFTRUELAEAEZHKERF. R\RAL
FHLI, #—FERAREABE - FeHAMEEHRRT,
EOEERFPECEFANERARTAEZE LTI
BZ AN FTEE = AR,

HERZ —: RNFAARBER BB TR, A
EFEEREGEHNE. RAAFNERAELERET, X 34.5%H
BEARRP RER TR FRBET R E >, BRAHL K7W
FEFRBERNTR EARGEF; KB EFREHGFHFR
A 61.42 %, AB2%MI KRG A F= R K ZH A/NF R UTFE,
86.0% M KB A Pk & A F RUT ¥ . £RLFHA
BELE, RETENELT, BERPFIAETVAHFHA
HBE R R, Wim “HRE—ER” , A7 ik dEE B & ALk
fB, MR mAMEZENE. TWH, ZHKP EMEELEESR
HWAEFTR, TARNNEEEFBANESRER, #£E
B, S RETERAE W =87 BA, RAAFNAEH
EERET, R TI%HHEARR P AR =8 KA,

4

238



S T - ST ks S b L
MRZ Z: KBEFRAFSZBEFATHBLRKEN S £ X
T, RPEFARBRIETE, La, AENEHHEEKA
ERETTAES, KEKWEHE L FRK;, MAL. K&
LREEFZANBHNMEEL, RAHESERELERDT,
2022 FH 4 KA 2021 F KRG E F 1k 30%; 2023 F
EEEBARAEE, EARBHEFRATNAR “HR” &h,
ERZREMMERERA. FAAERKR. BARERNGHE M4
T, KA FHEHFIEA 300-500 76, TEEA TR EHA
AR, BRERFPISZHNEREFERAZEEF. K
M5 E £ P & A T AR % 56 5 4 iR A ] AR
MRz = REBAELEARBLWKBNTZA, KF
FREEEFHRZERER. L5, BLRENEHERE
BETHMERWME, TERETCRIUIEAE. BEHA
AN, BERD KGR . BEEHEMIMER i6F 5
EEFEA, RPEREETERRBEHERANFERI. K
BaetFralEELgeks. A0, & HRK.
kR, £F “HTRERT” WE A,
SR PRI ABREREEE S ERNAEN
GedtFRAEBRLARMH AL, RENEHRE
X RASERHMEENF, ETREABEeEFEAT
WEE R, MAERFIEERANGEEF ARG E -

5

239



FRFANAT T ENTF, REH LT A

(=) eA%#RVEFHREFZ AN, WRFIHE
FAKREEE LD

EHGE R AT HEMRS, BI#E R E SR EN.
REImEZ e, TEHEZIR P KFERE LT, RAEM
HEEERDN, RE LA MRSEARBEFEEZER, &
FALHE ALK A AT 85%, o ANLAE R AN 2021 S HY 15.9%38
2] 2022 F 19 21.1%. 2023 F ¥R —FXHRK “KRbLFE R
B” Bt “BAKIAFE RS My, ARV AEFE
EEALATAAGEREM BT WER, &G LT AR
R A e AR S 24T 7 2 A R

F—, IFADAMEN, REXEEHFE. EHE
#E 20-30 Bk, (ERFLTMART, UBFELER
iRA, RIEEEEE, B L EE A, FATREAEN,
AT EETHEMNE, AT —FEHEERFM,

=, @l TANER, ZIHMEERET LN, TAMN
R S MEFFIEE W F, HATRE% A B R R K E R
HEHHELZ R, SHERLAEN, FKFTFREI, BHX
W, ZmS, WEE. KFARF “HETYE”, REFE
TR R, ETAEEHEERRS, FIEAES, B
WA ATHRE, RE. BE, URSHFESEMER ., S

KEFNEEEL TR, RIAMFEN, HETH. TLH

6

240



TANERA 67 EEFERRE IR T RADUKAHE
RAE, WENEIESHREN L L, LHAREET,

F=, XRFBAAEREKEN, HRETE A HEHK
. REVMEMEERLNT 10 EX, AT —EEHEIH
S, XN TIREE HeEAT, WEHLA REA R A
fouck E, WEERS|LIE BRI, FH58H T H
B X TAEER. B, RRAESEENEZNET, T
BEINEERTTHERE, (EARRITENAERE N
AT, WA B K IRAAA

(2 RARBEMFRE S BAEX IR £/~ R H A&
AT, EmRERA

MRgeRMELABYEFHTENAESERRL
B, RBTRELEFHSESRF. EEXNH, "L AA
MR RE B B Y A A RS TR, EERRD £
PRI R R, RPERTRARAN. RERATELEE
B, MEEEMA. MTEERASFHAZEeNERER,
AERIARESEINEZERLAT TR EH,

F—, FHEE MEREMR, BREE, Rt
FRX A FER B EA RIS EFHFERIE, CHRAA
AR T 1B 0 2, 3T 8D AR A AR B AR K
A, XD REARA AR, EIE  E A
AT, RAHBERT X KEREESHRENEH, E

7

241



A C—HER” o RPEHPEE. HEeFHERAW
Eap b, MzuE. aBNEeRh, L EmELHEN
BN, EI L TR

¥, IFALGHREAFF, KEATEN. £F
RGHB AR EHET, KPXAZ2RFNER,
IR F, AR RCARK, D TURRE R, WU,
h#wE, Wk . AREIE A, KPP UKAREREMm
TEREAT HAT RIS, 0 EEN KB REFNLH, ZH
INEE A AESTE, SUAERE, IAERAREZR
EE”, FARMALENEEENLTERAR, GHEL
b, UIEMREF AR R, FRFELEFRAR, B
B#K, KPRV E#®KE, HEEAK, ENTE, #
(L4 F v R R E R

(D) RABCHBRBREAKRREUGEZERHEK
WE, BIZKEEFTHH

ER AN AW E BoR, FEERANARE T AAMN
W, ¥ E A AT E A PR IGE, JE ik 08 X 2019
FREE 130127, WATEHENAET RGEHEEETIF
Ko EHREZFLZRBHLE, REREWN AAMERE
5t KK B A4 F K

F—, BREWAFKFLEXAF LENEELEER, &
FERER29ZERLERIARRL VR, 7ET —H#E

8

242



FEawkBE, ElEME, KRKBEZEN*E-—FRE
“RE” WK, ILESHFEEF R, TR, AT, BT
Kgwudgk, mLEEZOSVENEEZ MR RS, #
B RE, EMRAEIE. mAARNLE, Bla—WE. &
x.HE, LL“RNE+RPT WA REARF KE L,
FRBEHET HEENZERAKNTR, XXET A,
EHT KRR, TRFP T ESHR,

¥, #—F WK ZH—FK"WECHE. “Z&—
7 RERERFRREFHGEFRT LB, LEHE
B ALFRERTH, FHILTFHE LS8 & R g AR(
—F W, RREREWAAE R KEFEEEL = —7,
WWHFENRE AR “Z@—" WAKRERS. 0RHF,
ERMEE, TEANAREZRAEEZREX. 2 1BFR
BHRE, BHAERZHEXRE AR, AKFEFZE
HRAREEN . A —FH, RRERALEEF=ZH—47,
MELZBAMIAYSERHS, dlEmskiEEFAH. 4
VEFFEAK“ZR " WL RT, BREAEE " RE,
HPZFERAREEAR. “Z& &7 KBAEFHARE
KR REE AR, LI E K6

A,

&

243



#EiaA

FE, BHRLRFBFERFR, AU FHAAFELLE
F--SHFRAFRTHIT. TRIOGEFREEATAL,
FTL, EHRLRFLBFELFR., EHFHAMFETEE
BE--ZHEXFREWRITEK (244£) | 2%,

FRE, FHRLRFFRAZFRHER. HEEFTF. £d
R KFARESREEBFR L TAZRKRF TS T4E;
PRRGE, e Rk K5 %58 25 12 & H4% o

MERRK:
HABALAAFFLALR B RELAANIRSFKERE DR
K& A a9 A 5 (18YICT790079)
JARAYFASHZAXA DR P EELT A REILIF T
R ATAAHEERMAA” (GD23CYIOT) ;

J7 AR IR &k BRAR R A F B POEER B (2021K7105,

7/

2022KJ105, 2023KJ105) ;
FNTHFAAHF R RO AR AL ERRARER 2

FRBH R R GG A TR IE AR (2023GZGI05) S

10

244



P B e M DN S TR e e . S

SHUMERIEA WARMTIL L HO W

W TR RS ]

SISOl A TRMBA LY B

REW S EE

B HOTOTIE MM, MR

LFR BRI
(difERREFEYTRE:E | R £0
| SEREEE FAESYUE | BERRO

LGHEIS M E

245



	关于公示2018年度华南农业大学教改立项项目的通知
	关于公布学校第一批全英教学课程
	建设项目的通知
	关于公布学校第二批全英教学课程
	建设项目的通知
	2015（课题）国家自然科学基金立项
	2015（课题）国家自然科学基金项目计划书
	Villagers’ attitudes and behaviors toward rural solid waste management under environmental authoritarianism in China
	1 Introduction
	2 Relevant research and background
	2.1 Related research
	2.2 RSW in China
	2.3 The development of RSWM in China

	3 Theoretical model and hypotheses
	3.1 Environmental attitudes and behaviors under China’s environmental authoritarianism
	3.2 Mediating role of government-relevant factors

	4 Data collection
	4.1 Study area
	4.2 Descriptive characteristics

	5 Empirical analysis
	5.1 Variables
	5.2 Empirical model

	6 Result and discussion
	6.1 Factors influencing RSWM attitudes and RSWC behaviors
	6.2 Moderating effect of government-relevant factors

	7 Conclusion and limitation
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References

	Introduction 
	Methodology and Data 
	Theoretical Model of Technology Adoption 
	Variable Design 
	Empirical Model 
	Data Collection 
	Study Area 
	Sampling Method 
	Respondent Profile 

	Data Analysis 
	Top Grafting Application by Different Types of Farmers 
	Factors Influencing a Litchi Farmer’s Application of the Top Grafting Technique 


	Results 
	Discussion and Conclusions 
	References
	Emerging market for pork with animal welfare attribute in China: An ethical perspective
	1 Introduction
	2 Material and methods
	2.1 Research design
	2.1.1 Choice experiment design
	2.1.2 Survey design
	2.1.3 Statistical analysis

	2.2 Descriptive statistics
	2.2.1 Sample characteristics
	2.2.2 Pork consumption habits
	2.2.3 Consumer ethics and morality


	3 Results
	3.1 Consumer preference and its heterogeneity
	3.2 Ethics and animal welfare consumption preference
	3.3 Ethics orientations and pork consumer segments

	4 Discussion
	5 Conclusions and policy implications
	Author statement
	Declaration of Competing Interest
	Data availability
	Acknowledgement
	Appendix I Estimation methods and econometric models
	Appendix II Robustness test
	References

	Introduction 
	Theories and Hypotheses 
	Data, Variables, and Methods 
	Data 
	Variables 
	Dependent Variables 
	Core Independent Variables 
	Mediating Variables 
	Moderating Variable 
	Control Variables 

	Estimation Methods 

	Empirical Results and Analysis 
	Total Effect and Robustness Test 
	Mediating Effect of Product Cognition and Robustness Test 
	Moderating Effect of Empathy and Robustness Test 
	Further Discussions 

	Conclusions and Implications 
	References

