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Abstract

:

As the need for food safety rises, consumers are becoming more interested in certified safe pork products, such as those with safety certification or traceability. Implementing GAHP guidelines for pig farming is one potential approach to achieving food safety in Vietnam. Nevertheless, since GAHP requires a relatively substantial initial investment, its adoption is mostly determined by the economic feasibility of pig farming. A choice experiment was used in this study to investigate farmers’ preferences for adopting GAHP in pig farming in Vietnam. The findings show that pig farmers are strongly inclined to adopt GAHP if specific conditions are met. The presence of guaranteed output contracts, increased yields, and price premiums are important variables influencing their decision to implement GAHP. The findings could be used by policymakers to develop and implement supportive regulations to encourage GAHP adoption, while buyers, processors, and retailers can capitalize on pig farmers’ preferences by establishing and publicizing market channels for GAHP-certified products. Furthermore, these findings could be used to assist pig farmers in making informed choices about their farming practices, allowing them to analyze the possibility of getting output contracts, implementing productivity-boosting initiatives, and exploring market potential for GAHP-certified pigs.
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1. Introduction


Pig farming is one of the most important agricultural operations in Vietnam’s livestock industry and agriculture sector. There were approximately 2.6 million pig farms, which employed approximately 7 million Vietnamese people. According to the Livestock Department, the number of pigs raised in 2022 was around 24.9 million heads, with an output of approximately 3.29 million tons of pork.



There have been concerns about the sustainability of pig farming in recent years due to the use of prohibited drugs and illness outbreaks. Pig farmers employed prohibited chemicals in their production, such as beta-agonist growth enhancers such as salbutamol and clenbuterol, which are difficult to control [1]. Furthermore, consumer trust in pork meat has suffered as a result of the impact of food safety crises such as the use of pork with lean meat enhancers, growth promoters, blue ear disease, African swine fever, and pork contaminated with Salmonella bacteria [2,3]. As a result, consumers are becoming increasingly concerned about the food safety hazards related to pigs, leading to a growing demand for safer pork, and consumers are willing to pay higher prices for safer pork.



To address sustainability concerns and meet the growing demand for certified safe pork, pig farming, according to Good Animal Husbandry Practice (GAHP) safety standards, has been proposed as a potential solution to reduce the use of banned substances, disease rates, and environmental pollution in order to meet environmental regulations. GAHP is a collection of guidelines designed to ensure that animals are raised in a humane, healthy, and safe setting. The standards address different elements of pig production, such as housing, feeding, and disease control. The implementation of GAHP is expected to improve animal health and welfare, reduce the environmental impact of pig farming, and improve the safety and quality of pork products.



Traceability or safety certification can ensure safety in pig farming, according to GAHP requirements. Many countries have introduced food traceability, including the United States, Australia, Canada, and New Zealand [4]. A food product sold on the market must follow traceability and origin laws. These regulations assist stakeholders in tracing products affected by incidents, reducing information asymmetry in product information, protecting consumers’ right to know about the food they purchase, and eliminating food safety hazards [5]. Furthermore, traceability requirements, along with food safety, environmental, and social welfare standards, have recently been added to quality assurance certifications such as Global GAP or VietGAP [6]. However, the pricing of traceable commodities may be higher than that of non-traceable products in order to incentivize producers to implement traceability [7]. Safety certification is not required, and producers who follow safety standards (such as Global GAP or GAHP) are personally responsible for their economic effects. Products with safety certification labels attached serve as a signal of commitment by suppliers to their clients in terms of quality assurance [8]. Producers who adopt safety requirements must additionally pay certification fees for certification services, but, on the other hand, they may have better market access and higher economic efficiency.



Many previous studies have explored agricultural farmers’ preferences and the costs associated with adopting sustainable agricultural practices [9,10,11,12,13,14,15,16,17]. Ngoc et al. [14] discovered that the initial cost of investment had an adverse effect on catfish producers’ decisions to invest in recirculating aquaculture systems (RAS). Farmers anticipated that when production costs increased, their benefits would decrease [13]. The additional benefit could be compensated through a higher selling price compared to not applying sustainable production practices. The increasing price of goods is a widespread attribute in studies that are connected to producer preferences for sustainable farming techniques [11,14,15,16]. Farmers would be more likely to adopt sustainable agriculture practices if the extra price of sustainably farmed aquatic products increased. If the price of fish climbed by 10%, the likelihood of adopting RAS models increased by 1.2% [14]. According to Ortega et al. [11], fish farmers in China were willing to participate in food safety-assured farming if the average price increased by approximately 2.5%. Vu Thi et al. [16] reported that if the price of litchi increased by 16% to 60%, Vietnamese farmers would participate in VietGAP. Low output prices were also recognized as the primary obstacle that farmers faced while implementing GAHP [15]. These studies suggest that price is a key factor in the decision to adopt sustainable agriculture practices. Lapar et al. [1] claimed that compliance with GAHP might increase yield due to lower death rates in pig farming, resulting in greater economic efficiency. Despite higher costs, the application of safety standards will result in safer and more productive products with higher selling prices, ultimately leading to better profitability for farmers [9]. A study by Chelang’a et al. [17] found that contracted farmers exhibited a higher level of adoption of GGAP standards compared to non-contracted farmers.



It remains unclear why the adoption of GAHP among Vietnamese pig farmers has been relatively low. According to the Ministry of Agriculture and Rural Development (MARD), just 18% of Vietnam’s pig farms adopted GAHP in 2019. Low adoption rates can be attributed to a variety of factors, including high initial investment costs, unstable selling prices, a lack of contract farming, and uncertain high yields.



The aim of this study was to examine farmers’ preferences for adopting GAHP in pig farming in Vietnam. The choice experiment was used in this study to imitate a real-world scenario in which farmers are obliged to adopt GAHP. The experiment enabled the study to investigate the factors that influence farmers’ willingness to adopt GAHP, such as initial cost, increased yield, output contract, and price premium. The findings of this study could be used to impact policies and actions targeted at increasing the adoption of GAHP among pig farmers in Vietnam.




2. Materials and Methods


2.1. A Choice Experiment


Choice Experiment (CE) is often used by researchers to assess respondents’ preferences for a specific commodity that is not traded in the real market [18]. CE involves presenting respondents with multiple alternative options associated with a specific commodity under evaluation. These options, commonly referred to as choice cards, encompass a range of attributes related to the commodity. Respondents are asked to select their preferred option from each choice card. These choice cards comprise a set of distinct attributes, each with multiple levels [19]. If the attributes represent monetary values such as prices or costs, the respondent’s willingness to pay for the attributes of the commodity can be determined based on their choices.



A CE study typically includes the following steps: (1) selecting attributes and determining their levels, (2) designing choice cards, (3) data collection, and (4) measuring preferences through willingness to pay.



2.1.1. Selecting Attributes and Determining Their Levels


Firstly, a list of potential attributes was constructed based on the characteristics of GAHP and previous studies such as Ngoc et al. [14] and Phong et al. [20]. Secondly, a group discussion was conducted with experts and pig farmers to select the key attributes from the list. The experts came from diverse professional backgrounds, including farm managers and pig farmers, all of whom possess knowledge of pig farming and GAHP. The potential attributes that may influence the preference and adoption of GAHP by pig farmers include initial investment, increased yield, output contract, GAHP certification, higher prices, impact from neighbors, uncertainty, farm scale, credit accessibility, and availability of agricultural extension services. Thirdly, these attributes were transformed into statements regarding the application of GAHP (Table 1). The statements were evaluated by 21 pig farmers from medium and large-scale farms through a group discussion session. The assessments were measured by using a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), which were presented in Table 1.



The list of attributes was then identified. We sought to keep the number of attributes reasonably limited, as recommended by Abiiro et al. [21], to ensure respondent manageability when managing the choice cards. Those attributes were scored 4 or 5 by at least 75% of participants. These included initial investment, increased yield, output contract, GAHP certification, traceability, and price premium. Attributes, including the influence of neighbors, uncertainty, farm scale, credit accessibility, and agricultural extension services, were removed from the final list since less than 75% of respondents rated them as 4 or 5. Rearing pigs according to GAHP standards can help meet the requirements of GAHP certification, traceability, and, eventually, price premium. These attributes were interconnected, and therefore, these were combined into 1 attribute. Keeping them as independent variables would go against the choice experiment’s requirement for mutually exclusive variables.



The final list of attributes contains (1) initial investment, (2) increased yield, (3) output contract, and (4) price premium. According to Bateman et al. [22], the attribute levels must be reasonable, span the predicted range for individuals, and be achievable in practice. The selection of extreme values for the levels helps to ensure alternatives among attributes [23].



The level of initial investment attribute was established by conducting a survey among pig farmers. The construction and equipment costs constitute the largest investment for pig farming under GAHP. The initial investment varies from 1200 million VND (Exchange rate: 1 USD = 24,000 VND in 2022; around 50,000 USD) to 1800 million VND (75,000 USD) with an average of 1500 million VND (around 62,500 USD) per 1000 m2 of pigsty. Four levels of initial investment, namely 1200; 1400; 1600; and 1800 million VND per 1000 m2 of pigsty, were then selected for the farm survey. The attribute level for increased yield is based on the study of LIFSAP, which stated that when pig farmers applied GAHP, the pig mortality rate decreased from 15% to 4.62%, resulting in yields being increased by approximately 10% or less. Two levels of increased yield attributes were chosen, namely 5% and 10%. The contract farming agreement between pig farmers and buyers established the levels of output contract attributes. The 2 levels were classified as having or not having an output contract while selling pigs to traders or purchasing enterprises. The amount of money that consumers are willing to pay for pork safety linked to GAHP determines the premium price for pork produced. Consumers are willing to spend around 27% more for traceable pork compared to non-traceable pork [24]. Mai et al. [25] also indicated that consumers are willing to pay approximately 32.6% more for safe pork with traceability compared to non-traceable pork. Moreover, if the pork has safety certification, consumers are willing to pay 31.1% more compared to uncertified pork. Based on that information, 3 levels for the price premium with GAHP certification, namely 10%, 20%, and 30%, were chosen for the field survey (Table 2).




2.1.2. Designing Choice Cards


The combination of 2 attributes with 2 levels, 1 attribute with 3 levels, and 1 attribute with 4 levels would provide a full factorial design with 48 alternative choice sets. However, according to Allenby et al. [26], administering too many choice sets can cause fatigue in respondents. It is generally advised that each survey questionnaire contains no more than 10 choice sets. This eliminates the burden on respondents during interviews while also ensuring the quality of the investigation. This study applied the fractional factorial design to determine the optimal number of choice sets to incorporate into the survey questionnaire. The selection of subsets should be based on certain principles, specifically the idea of balance, and could not be arbitrary [27]. The principle of balance ensured that the estimated model from the survey data was minimally impacted by the experimental design. Various methods or algorithms could be employed to identify subsets from a full factorial design, with the most advantageous approach being the utilization of an orthogonal design.



Using an orthogonal design resulted in a set of options that provided balance without significantly affecting the accuracy of the model’s estimation. The most optimal 6 choice sets were chosen using the SPSS software version 20. The choice sets were presented in the form of choice cards, providing pig farmers with the opportunity to select either (1) non-adoption of GAHP or (2) adoption of GAHP. A choice card example is presented in Table 3.




2.1.3. The Survey and Data Collection


In May of 2022, a survey was conducted in Dong Nai and Binh Duong provinces, which are well-known for their high concentration of pig farms and are important areas for promoting GAHP implementation. The survey focused on 3 districts, specifically Trang Bom and Thong Nhat districts in Dong Nai Province and Phu Giao district in Binh Duong Province. A stratified random sampling methodology was utilized within each district to select 50 pig farmers who engage in open-cycle pig rearing. A total of 150 pig farmers were interviewed, all of whom were primary decision-makers in their households. Medium (30–300 pigs/farm) and large (above 300 pigs/farm) pig farms were selected, as they could meet the GAHP criteria according to Vietnam’s Livestock Law in 2018. The survey was conducted using a structured questionnaire that included an introduction, socio-economic characteristics questions, choice cards, and statements to clarify decisions. To ensure the questions were clear and the choice tasks manageable, the questionnaire was pre-tested by 3 farmers.





2.2. Economic Modelling


The theory of choice was based on Lancaster’s theory of consumer behavior [28] and McFadden’s random utility theory [29]. It was assumed that people act rationally and make decisions to maximize the benefits that they receive from the available alternatives. The model to estimate the utility function can be provided using the data obtained from the choice experiment with alternative options as shown below:


    U   a b   =   V   a b   +   ε   a b    



(1)




where     U   a b     is the utility that is received by individual a from option b,     V   a b     denotes the observed utility component of individual a from option b, and     ε   a b     denotes the unobserved component.     V   a b     has a linear relationship with the option’s set of attributes     X   a b     Therefore,     V   a b     is presented as:


    V   a b   = β   X   a b    



(2)




where     V   a b     is the utility which depends on the attributes, namely initial cost, increased yield, output contract, and price premium;     X   a b     is the vector of the levels of GAHP adoption b received by farmer a, and   β   represents the parameters that are consistent across all farmers. The likelihood that farmer a choose GAHP adoption b over GAHP adoption s relates to the probability that Ub > Us. Specifically, the probability of choosing b of individual a (Pab) will be:


    P   a b   = p r o b (   V   a b   +   ε   a b   >   V   a s   +   ε   a s   ;   ∀ s , b   ∈   T a ,   ∀ s ≠ b  



(3)




where Ta = {t1, t2, …, tT} indicates that respondent a is given a choice task.



The typical multinomial logit (MNL) model will explain the likelihood of farmer a selecting alternative b [30]:


    P   a b   =     e     V   a b         ∑  a = 1   b      e     V   a k          



(4)







The MNL model’s premise that individual preferences are homogeneous is a weakness [31]. If the random part does not satisfy the condition iid but is determined to have other distributions such as normal, triangular, or uniform distribution and a part satisfying iid, the choice probability function is known as a random parameter logit model (RPL) or Mixed Logit model (MXL), as shown in [32]:


    P   a b   =  ∫      e     V   a b   ′         ∑  k = 1   K      e     V   a k   ′           g ( β | θ ) d β  



(5)




where   g ( β | θ )   is the random parameter density function.




2.3. The Mixed Logit Model (MXL)


The benefits of pig farmers in the experiment when they choose the option of investing in GAHP pig farming can be presented as the MXL model:


Vab = β0 + β1∗initial cost + β2∗increased yield + β3∗output contract + β4∗price premium



(6)







The influence of individual characteristics on pig farmers’ preferences for GAHP is represented by the following the MXL model with individual characteristics:


Vab = β0 + β1∗initial cost + β2∗increased yield + β3∗output contract + β4∗price premium + α1∗gender + α2∗education + α3∗age + α4∗income



(7)




where Vab is the utility that individual a receives from alternative b, and β0 is an alternative-specific constant (ASC) that corresponds to the non-adoption option.



Willingness to pay (WTPa) for each attribute is the ratio of the marginal utility of the attribute to the marginal utility of the monetary attribute [18]. The monetary aspect considered in this study is the initial investment cost:


    W T P   a   = −     β   a       β   c o s t      



(8)







The model estimations and analysis preparation were carried out using Stata 16.0.





3. Results


3.1. Social Characteristics of Pig Farmers


Table 4 provides descriptive statistics about a sample of individuals in pig farming, including gender, age, education, experience, number of pigs raised, and household income. In terms of gender, 70% of the respondents were male, while 30% were female. Regarding age, the largest group consisted of respondents aged 45–59, accounting for 56% of the total. The age groups of 30–44, 60–69, and under 30 represented 30%, 10%, and 4%, respectively. Regarding education, most respondents had a secondary school education, comprising 54% of the total. Primary school-educated respondents accounted for 26%, while those with a high school education and university degree represented 12% and 8%, respectively. Concerning experience, the largest group had 10–19 years of experience, comprising 44% of the respondents. Those with less than 10 years of experience represented 22%, while those with 20–30 years and over 30 years of experience accounted for 30% and 4%, respectively. In terms of the number of pigs raised, 66% of the respondents reported raising from 30 to 300 pigs (medium farms), while 34% indicated raising more than 300 pigs (large farms). Regarding household income, the category with the highest frequency was the range of 100–199 million Vietnamese Dong (VND) per year, accounting for 30% of respondents. The income ranges of 200–299 million VND and 300–400 million VND represented 28% and 20% of respondents, respectively. Those with incomes below 100 million VND and above 400 million VND accounted for 4% and 18%, respectively.




3.2. Pig Farmers’ Preferences for the Adoption of GAHP


To explore the preferences of pig farmers towards the attributes of GAHP, a Mixed Logit model (MXL) was estimated. The estimating process is divided into three steps. First, a main effect model was estimated, which did not include the social characteristics of the respondents. Then, an MXL model with the respondents’ social characteristics was estimated. Finally, the WTP was calculated and reported for each attribute.



3.2.1. The MXL Model


The main effect model is shown in Table 5. Although the magnitude of the coefficients varied, all attributes had significant coefficients. The results of the MXL model show that the attributes of initial cost, increased yield, output contract and price premium have significant positive coefficients. This implies that farmers would prefer adopting GAHP over the alternatives.




3.2.2. The MXL Model with Individual Characteristics


The estimated results of the MXL model with individual characteristics are presented in Table 6. The model with individual characteristics has a better log-likelihood value and AIC value (−393.095 and 806.19) than that without these values (−401.19 and 812.38), indicating that the inclusion of individual characteristics has improved model goodness of fit. The Wald chi-square (47.64) and Likelihood ratio test (10.74) with a level of significance of 1% also show the goodness-of-fit of the MXL model with individual characteristics, demonstrating the suitability of this model.



All the coefficients of the attribute variables have expected impacts and are statistically significant. The average impact on the utility of the status quo is recorded by the Alternative-Specific Constant (ASC). The ASC for status quo was positive and significant, indicating that respondents in this survey were more inclined to choose GAHP on average, demonstrating that pig farmers are interested in and willing to adopt GAHP.



The coefficient estimation for the initial cost attribute is negative and exhibits statistical significance at the 5% level. This implies that a higher initial cost leads to a decreased likelihood of selecting GAHP and a reduction in the utility for pig farmers. Conversely, the estimated coefficients for attributes such as increased yield, output contract, and price premium are positive, indicating that they increase the probability of GAHP adoption and improve the utility for pig farmers.



For gender, the coefficient of 0.3943 suggests a positive relationship with the likelihood of adopting GAHP, although it is slightly significant at the 10% level. This indicates that pig farms with male household heads may slightly increase the probability of adopting GAHP compared to those with female household heads. Regarding age, the coefficient of 0.0277 implies a positive relationship with the likelihood of adopting GAHP and is significant at the 10% level. This suggests that older farmers may be slightly more likely to adopt GAHP compared to younger farmers. The coefficient for income is positive and statistically significant at the 10% level. This implies that higher income levels may have a positive effect on the probability of adopting GAHP. In contrast, the coefficient for education is not statistically significant, indicating that the education level of the household head does not significantly impact the likelihood of adopting GAHP.



The results of the study show that pig farmers were willing to pay 2360 million VND (around 98,333 USD) per 1000 m2 to invest in GAHP; this amount is higher than the average GAHP investment cost. Pig farmers that implement GAHP place a high priority on the output contract, which is reflected in their highest level of willingness to pay for GAHP investments. On average, pig farmers are willing to pay approximately 685.3 million VND (around 28,554 USD) per 1000 m2 to invest in GAHP if the output contract is guaranteed. The pig farmers also expressed a preference for GAHP, as its implementation resulted in an increase in yield and higher selling prices. Indeed, pig farmers are willing to pay 115.9 million VND (around 4829 USD) per 1000 m2 if GAHP adoption results in a 5% increase in yield. Similarly, pig farmers are willing to pay 58.9 million VND (around 2454 USD) per 1000 m2 if the adoption of GAHP leads to a 10% increase in the price premium. These findings provide important information for relevant parties to promote the adoption of GAHP in pig farming.



Using the Latent Class Model (LCM) to assess the heterogeneity of farmers’ preferences was presented in Table 7. The survey farmers were categorized into three groups, namely those who value greater yields (productivity concerned), those who value output contracts (contract preferred), and those who value price premiums (price concerned). The results indicate that Class 1 farmers, accounting for 22% of the respondents, place significant importance on achieving higher yields. The positive and significant coefficient of increased yield suggests that these farmers benefit financially from adopting GAHP, as it leads to improved productivity. Conversely, the negative and significant ASC coefficient indicates that these farmers were not initially interested in adopting GAHP, highlighting the need for additional incentives or interventions to encourage their adoption. Class 2 farmers, comprising the majority of respondents (48%), demonstrates a stronger preference for output contract. The positive and significant coefficient associated with this group signifies that these farmers attach great importance to the assurance of a stable market and reliable demand through output contracts. The positive and significant ASC coefficient suggests their willingness to adopt GAHP when such contracts are in place. Class 3 farmers, representing 30% of the respondents, prioritize price premiums. The positive and significant coefficient indicates that these farmers are willing to adopt GAHP when higher prices are offered for GAHP-certified products. This finding emphasizes the importance of economic incentives in influencing technology adoption decisions.





3.3. Adoption Decision Clarification


The findings from the choice experiment indicate a relatively high overall preference for adopting GAHP. This is supported by the responses to the statements aiming to clarify the choice between the adoption of GAHP and the non-adoption of GAHP. For instance, pig farmers considered an ensured output contract as the most important attribute in the adoption of GAHP in our choice experiment. A noTable 68% of pig farmers believe that the adoption of GAHP will result in an ensured output contract, highlighting their reliance on its dependability and security. Furthermore, 44% of pig farmers believe that the adoption of GAHP will result in increased economic efficiency, indicating their comprehension of potential cost savings and optimized resource utilization. Moreover, 42% of pig farmers expect that the adoption of GAHP will lead to stable and high output prices, demonstrating their anticipation of improved profitability and market competitiveness. Additionally, 30% of pig farmers consider GAHP suitable for their farming conditions, emphasizing its adaptability and compatibility. Also, 18% of pig farmers express a desire for technological innovation in their pig farming practices, signifying their dedication to staying ahead in the industry. Lastly, 16% of pig farmers adopt GAHP with the guidance of training sessions, highlighting the importance they place on acquiring knowledge and professional support. The reasons for the adoption of GAHP are depicted in Figure 1.



The reasons for the non-adoption of GAHP are presented in Figure 2. It was found that a significant 50% of pig farmers did not adopt GAHP due to the high initial investment costs, which highlights the financial barriers. Moreover, 43% of pig farmers expressed a lack of knowledge about GAHP standards, indicating the need for extension services. Furthermore, 37% of pig farmers did not understand the technical process of GAHP certification, which could be a potential barrier to implementation. Additionally, 33% of pig farmers did not receive credit support for pig farming, underscoring their financial difficulties in accessing necessary resources. Finally, 30% of pig farmers did not believe that adopting GAHP would result in a higher output price, suggesting the need for more convincing evidence of the associated economic benefits.





4. Discussion


The initial cost attribute has a negative impact on the adoption of GAHP. Applying GAHP with a higher initial investment is less attractive to pig farmers because investing in a new technology entails sunk costs that are irreversible [33]. Similarly, the findings of Ngoc et al. [14] suggested that high initial investment costs are an important factor leading to the slow adoption rate of RAS. The cost of implementation significantly influences the decision to adopt new technologies [14,34]. Conversely, increased yield and price premium have a positive impact on the adoption of GAHP by pig farmers. Because of the direct benefit, such as from increased yield and higher selling prices, farmers revealed a greater preference for GAHP [20]. Akudugu et al. [35] discovered that farmers are more inclined to adopt new technologies if the predicted profits are larger. Similarly, Lapar et al. [1] argued that the adoption of GAHP significantly reduces mortality rates in pig farming, resulting in higher productivity. The attribute of output contracts has been demonstrated to be highly preferred by pig farmers. The findings indicate that pig farmers have a favorable inclination and are willing to make the highest investments in raising GAHP-certified pigs when the output is assured. This result is compatible with the finding of Chelang’a et al. [17] found that contracted farmers exhibited a higher level of adoption of Global GAP standards compared to non-contracted farmers.



Individual characteristics of pig farmers also influence the adoption of GAHP. We find that gender is positively related to the adoption of GAHP, which is in line with our expectations. This indicates that male farmers have a higher probability of adopting GAHP compared to female farmers. This result is consistent with Nguyen et al. [33] found that male farmers are positively influencing the adoption of GAHP. Male household heads were also found to have higher adoption rates of technology in production [14]. A study by Gillespie et al. [36] indicated that male farmers in beef cattle production were more inclined to follow optimal management methods. The age variable has been observed to have a positive impact on the acceptance and implementation of GAHP among the characteristic of pig farmers. Additionally, it has been identified as a crucial factor in the decision to adopt novel technological advancements. It is widely believed that older farmers have accumulated invaluable knowledge and expertise over the years, enabling them to assess technical information more effectively than their younger counterparts [37,38]. Another characteristic of farmers that has a positive impact on the adoption of GAHP is household income. The probability of adopting GAHP increased with higher household income. This supports the observation that even when new technologies initially require a substantial amount of money, affluent farmers are still willing to adopt them [35]. The positive relationship between the adoption of GAHP and household income aligns with our expectations, similar to Wu, Li and Ge [39]. On the other hand, education was found to be statistically insignificant. This result is consistent with those of the studies by Rodriguez–Entrena and Arriaza [40], which suggested that education did not significantly impact farmers’ ability to adopt technology.



This study provides empirical evidence on the influence of specific attributes on farmers’ adoption decisions. The findings confirm the negative impact of the initial investment cost attribute on the adoption of GAHP. This highlights the role of sunk costs and irreversible investments as barriers to technology adoption. Additionally, the positive impact of attributes such as increased yield, output contract, and price premium on adoption emphasizes the economic incentives and benefits associated with new technologies. By examining the characteristics of pig farmers, such as gender, age, education, and household income, the study provides insights into how these factors influence farmers’ adoption behavior. The findings of this study also highlight the significance of market-oriented strategies in promoting GAHP adoption. The emphasis on the presence of guaranteed output contracts as a driving force for adoption aligns with theories of transaction costs and contract farming.



By investigating the heterogeneity of farmers’ preferences and providing empirical evidence on the factors that influence their adoption decisions within each group, this study highlights the significance of considering different farmer segments and tailoring adoption strategies to their specific preferences and motivations. This knowledge can inform policy-making and intervention design to effectively promote the adoption of GAHP and other sustainable agricultural practices.




5. Conclusions


The adoption of GAHP in pig farming was considered an important step towards achieving food safety for consumers and improving economic efficiency for pig farmers. The choice experiment method with a Mixed Logit model was used to examine pig farmers’ preferences for the adoption of GAHP. The findings of this study demonstrated that pig farmers had a strong preference for adopting GAHP and were willing to invest in it under certain conditions. The presence of guaranteed output contracts, increased yields, and price premiums were identified as key factors influencing their willingness to adopt GAHP.



The implications of these findings are significant for various stakeholders in the pig farming industry. Policymakers can use these findings to design and implement supportive policies that promote the adoption of GAHP. Providing incentives and support programs, such as financial assistance for infrastructure upgrades or facilitating access to guaranteed output contracts, can encourage more farmers to invest in GAHP and enhance overall industry sustainability. Buyers, processors, and retailers can capitalize on the willingness of pig farmers to invest in GAHP by establishing and promoting market channels for GAHP-certified products. By offering price premiums and highlighting the quality and safety aspects of GAHP-certified pigs, market actors can create stronger demand and incentivize farmers to adopt GAHP. The findings can guide pig farmers in making informed decisions regarding their farming practices. They can assess the feasibility of securing output contracts, implementing productivity-enhancing measures, and exploring market opportunities for GAHP-certified pigs. Farmers can also collaborate with industry stakeholders to collectively strengthen the adoption and promotion of GAHP. By promoting and supporting GAHP, the industry can enhance pig welfare, food safety, and environmental sustainability while meeting consumer demand for high-quality, ethically produced pork products.



There are certain limitations that should be acknowledged. Firstly, the findings were derived from a field survey with a limited sample size, which raised the possibility of sampling bias and could not fully represent the entire population of pig farmers. Secondly, the study focused primarily on the preferences and motivations of pig farmers in relation to GAHP adoption. While this provided valuable insights specific to the pig farming sector, it could not capture the broader factors that influence technology adoption in the agricultural industry. Investigating the impact of external factors, such as government policies and market structures, on GAHP adoption would be valuable in future research. Understanding the role of supportive regulations, financial incentives, and market demand in facilitating or hindering adoption can guide policymakers in designing effective interventions and incentive mechanisms to encourage farmers to adopt GAHP.
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Figure 1. Reasons for the adoption of GAHP. 
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Figure 2. Reasons for the non-adoption of GAHP. 
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Table 1. The potential attributes and statements about GAHP.
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	No
	Attribute
	Statement
	1
	2
	3
	4
	5





	1
	Initial investment
	I believe that the initial investment required for implementing GAHP is too high
	0
	0
	14
	48
	38



	2
	Increased yield
	I believe that GAHP helps increase yield in pig farming by decreasing the mortality rate
	0
	5
	14
	43
	38



	3
	Output contract
	I expect that by adopting GAHP, I will no longer have to worry about pig price fluctuations
	0
	0
	24
	33
	43



	4
	GAHP certification
	I expect that by adopting GAHP, pig products will be safe for consumers
	0
	0
	24
	48
	29



	5
	Traceability
	I believe that by adopting GAHP, traceability will provide consumers with information about the raising process
	0
	0
	24
	50
	27



	6
	Price premium
	I believe that the implementation of GAHP will result in higher pig product pricing
	0
	0
	14
	48
	38



	7
	Influence of neighbor
	If other farms have successfully used GAHP, I will invest in it
	5
	14
	48
	19
	14



	8
	Uncertainty
	I am concerned about the uncertainties associated with GAHP implementation
	0
	14
	38
	29
	19



	9
	Farm scale
	I believe that farm scale influences the adoption of GAHP
	0
	24
	33
	19
	24



	10
	Credit accessibility
	I am unable to invest in GAHP because of a lack of credit
	0
	0
	43
	33
	24



	11
	Agricultural extension services
	I believe that extension services will be useful in my farm with GAHP
	0
	19
	29
	24
	29
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Table 2. Attributes and their levels.
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	Attribute
	Unit
	Level





	Initial cost
	Million VND/1000 m2 pigsty
	1200; 1400; 1600; 1800



	Increased yield
	%
	5; 10



	Output contract
	0 = No; 1 = Yes
	0; 1



	Price premium
	%
	10; 20; 30
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Table 3. An example of a choice card.
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	Attribute
	Non-Adoption GAHP
	Adoption GAHP





	Increased yield
	0%
	+10%



	Output contract
	0 = No
	1 = Yes



	Price premium
	0%
	+10%



	Initial cost
	1200 Million VND
	1400 Million VND



	Please choose your preferred option
	⧠
	⧠










[image: Table] 





Table 4. Summary characteristics of the respondents.
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Variables

	
Categories

	
Frequency

	
Percentage (%)






	
Gender

	
Male

	
105

	
70




	
Female

	
45

	
30




	
Age

	
Under 30

	
6

	
4




	
30–44

	
45

	
30




	
45–60

	
84

	
56




	
Above 60

	
15

	
10




	
Education

	
Primary school

	
39

	
26




	
Secondary school

	
81

	
54




	
High school

	
18

	
12




	
University

	
12

	
8




	
Experience

	
Under 10

	
33

	
22




	
10–19

	
66

	
44




	
20–30

	
45

	
30




	
Above 30

	
6

	
4




	
Number of pigs

	
30–300

	
99

	
66




	
Above 300

	
51

	
34




	
Household income

	
Under 100 million VND (4200 USD) per year

	
6

	
4




	
100–199 million VND (4200–8400 USD) per year

	
45

	
30




	
200–299 million VND (8400–12,600 USD) per year

	
42

	
28




	
300–400 million VND (12,600–16,800 USD) per year

	
30

	
20




	
Above 400 million VND (16,800 USD) per year

	
27

	
18
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Table 5. The estimated results of the MXL model.






Table 5. The estimated results of the MXL model.










	Attribute
	Coefficient
	Standard Error





	ASC
	2.6506 ***
	0.9124



	Inital cost
	−0.0015 **
	0.0007



	Increased yield
	0.1681 ***
	0.0446



	Output contract
	0.9931 ***
	0.3608



	Price premium
	0.0854 ***
	0.0208



	Standard deviations
	
	



	Increased yield
	0.0595 **
	0.081



	Output contract
	0.2929 *
	0.899



	Price premium
	0.0612 *
	0.3145



	Model fit statistics
	
	



	Number of respondents
	150
	



	Number of observations
	1800
	



	Log-likelihood
	−401.19
	



	Wald chi2
	45.64 ***
	



	AIC
	812.38
	



	Likelihood ratio test
	9.67 ***
	







Note: ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.













[image: Table] 





Table 6. The MXL model with individual characteristics and pig farmers’ preferences.






Table 6. The MXL model with individual characteristics and pig farmers’ preferences.











	Attribute.
	Coefficient
	Standard Error
	Pig farmers’ WTP

(Million VND/1000 m2)





	Inital cost
	−0.0015 **
	0.0007
	



	Increased yield
	0.1729 ***
	0.0457
	115.9



	Output contract
	1.0215 ***
	0.3705
	685.3



	Price premium
	0.0878 ***
	0.0213
	58.9



	ASC
	3.5410 ***
	1.3133
	2360



	Characteristic of respondents
	
	
	



	Gender
	0.3943 *
	0.2323
	



	Education
	0.0139
	0.0428
	



	Age
	0.0277 *
	0.0147
	



	Income
	0.0004 *
	0.0002
	



	Model fit statistics
	
	
	



	Number of respondents
	150
	
	



	Number of observations
	1800
	
	



	Log-likelihood
	−393.09
	
	



	Wald chi2
	47.64 ***
	
	



	AIC
	806.19
	
	



	Likelihood ratio test
	10.74 ***
	
	







Note: ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.
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Table 7. Pig farmers’ preference heterogeneity and latent class model.
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Variables

	
Class 1

(Productivity

Concerned)

	
Class 2

(Contract Preferred)

	
Class 3

(Price Concerned)




	
Coefficients

	
Standard

Error

	
Coefficients

	
Standard

Error

	
Coefficients

	
Standard

Error






	
Initial cost

	
−0.005 *

	
0.061

	
−0.003 **

	
0.017

	
−0.007 **

	
0.094




	
Increased yield

	
0.468 ***

	
0.161

	
0.231

	
0.181

	
0.479

	
0.113




	
Output contract

	
2.597

	
1.131

	
1.538 ***

	
0.712

	
1.414

	
0.447




	
Price premium

	
2.267

	
1.072

	
4.213 *

	
1.365

	
2.105 ***

	
0.972




	
ASC

	
−4.877 **

	
1.638

	
4.125 ***

	
1.421

	
5.213 *

	
1.672




	
Class Prob.

	
0.22

	

	
0.48

	

	
0.30

	








Note: ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.
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