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Research on sustainability practices and resilience in farm systems has focused on the mutual interrelationship between the two. When identifying critical variables related to sustainability, it is essential to take an integrated perspective that considers the interplay among sustainable practices and uses a dataset that includes both environmental and social indicators. Thus, this study aims to quantitatively identify the impact of integrated sustainability indices on farm resilience, which is classified as persistence and adaptation, in the face of Post-COVID-19 economic turbulence. We obtained data from a questionnaire survey of 4,604 farms conducted by a government financial institution. Integrated sustainability indices and resilience indices are formulated through the application of factor analysis. As a result, we develop six sustainability indices that integrate environmental and social practices. A regression analysis reveals a positive correlation between the integrated sustainability indices and short-term persistence as farm resilience. Moreover, these sustainability indices exhibit a more pronounced impact on long-term adaptive resilience. These results imply that the integrated sustainability indices are more adept at evaluating farmers’ sustainability endeavors and clarifying the relationship between sustainability and farm resilience than traditional environmental and social sustainability indicators.
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1 Introduction

In the context of drastic changes in the socio-economic environment, there has been a marked increase in interest in the extent to which agricultural enterprises are resilient to various shocks. Resilience is generally defined as “the capacity of a system to absorb disturbance and reorganize while undergoing change so as to still retain essentially the same function, structure, identity, and feedback” (Walker et al., 2004). Moreover, many scholars perceive resilience to shocks as a return to the original state and a trigger for innovative change in agriculture (Darnhofer et al., 2010; Meuwissen et al., 2018). Furthermore, enhancing this resilience is an important component of agricultural economic sustainability (FAO, 2013). Consequently, elucidating the preconditions that lead to the phenomenon of “bounce forward” (Darnhofer, 2014) is an important research topic.

Empirically, it has been shown that a relative abundance of resilience attributes contributes to robustness against shocks, but fewer attributes promote adaptability and transformation triggered by such shocks (Nera et al., 2020; Soriano et al., 2023). Among these, sustainability-related activities are an important element embedded in the resilience cycle (Darnhofer et al., 2010). In particular, stakeholders within the agricultural system show a strong interest in this combination of sustainability and resilience (Accatino et al., 2022). For example, empirical evidence has confirmed that the resilience of organic agriculture exceeds that of conventional agricultural practices (Herman et al., 2018; Grigorescu et al., 2022). A study has shown a positive correlation between agricultural sustainability and resilience in many European countries using country-level aggregate data (Volkov et al., 2022). However, few studies have quantitatively demonstrated the impact of sustainability practices on farm resilience by indexing agricultural sustainability and farm resilience at the farm level.

Within a sustainable food system (SFS), each company must adhere to standards of Responsible Business Conduct that regulate the responsibility of stakeholders for the sustainability of SFS; this includes all enterprises in the supply chain, from small upstream farms to downstream retailers (OECD/FAO, 2016). The Farm to Fork Strategy emphasizes that an SFS, which offers business opportunities to numerous stakeholders, is the most competitive in the long run (European Union, 2020). Empirically, sustainability practices are expected to enhance economic value by mitigating risks and expanding business opportunities (Fatemi et al., 2015). Research on the impact of corporate social responsibility (CSR) activities on firms indicates that CSR positively affects firms’ reputations and customer satisfaction (Brammer and Pavelin, 2006; Saeidi et al., 2015), innovation (Sharma and Vredenburg, 1998; Surroca et al., 2010; Li et al., 2019), stakeholder management (Sharma and Vredenburg, 1998), and employee satisfaction (Pérez et al., 2018). Furthermore, sustainability practices are seen as a way to enhance farm resilience through their positive effects. Sustainability practices shape the fundamental attributes of farm resilience, including stakeholder management, innovation, human resource development, and diversification into various businesses (Meuwissen et al., 2018). In addition, case studies show that sustainability practices and resilience in a farm system are mutually reinforcing (Accatino et al., 2022). However, there is a lack of research quantifying the relationship between sustainability practices and farm resilience.

The COVID-19 pandemic and Russia’s military invasion of Ukraine have been significant socio-economic shocks that have affected agricultural management by changing global demand for agricultural products and increasing production costs. For example, Figure 1 shows the results of a survey of agricultural business conditions in Japan. More farmers reported that business conditions were better before the spread of COVID-19 than after the pandemic, as shown by a positive Diffusion Index (DI). However, the DI has become increasingly negative in the three years since the pandemic began, indicating a deterioration of business conditions in Japan that has grown more severe (Japan Finance Corporation, 2023). Similarly, in the European Union (EU), farm income in 2020 decreased by 7.9% compared to 2019 (Montanari et al., 2021) and historically high fuel and fertilizer prices were seen in 2022 (European Commission, Directorate-General for Agriculture and Rural Development, 2022). Now that the shock of the COVID-19 pandemic is ending, this is an appropriate time to analyze the extent of farm resilience and resilience attributes against it. In short, whether sustainability-focused activities can help improve farm resilience in this challenging socio-economic environment is an essential research question for the continued development of the agricultural industry. Furthermore, it is crucial to shift toward the type of sustainable agro-food system that we should establish instead of focusing on returning to a pre-pandemic “normal” (Darnhofer, 2020).
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FIGURE 1
 Economic conditions of farms in Japan. Diffusion Index (DI) is the difference between the percentage of respondents who indicated that financial performance has improved and those who indicated that it has worsened.


Are there available data that can capture sustainability indicators? In the EU, plans are already in place to incorporate environmental and social components into specific existing statistics, such as the Farm Accountancy Data Network (FADN) and Farm Structure Surveys (Khafagy and Dwyer, 2022). According to a study on converting the FADN to the Farm Sustainability Data Network (FSDN), one of the main challenges in developing the FSDN is “adding key variables on the environmental and social dimensions of farming” (European Commission, 2021).

When identifying critical variables related to sustainability, taking an integrated perspective that considers the interplay among sustainable practices and uses a dataset that includes both environmental and social indicators is lacking in previous studies. Economic, social, and ecological factors mutually influence one another over a long-term adaptive cycle (Darnhofer et al., 2010). More than relying on data related to specific environmental indicators is required for analyzing the impact of social activities, such as environmental education and landscape conservation, which are strongly linked to those indicators. Failing to account for these factors can lead to an inaccurate assessment of the overall sustainability of agricultural operations, which can hinder the promotion of sustainability practices. Conversely, developing an integrated sustainability index that reflects farmers’ sustainability goals in each indicator would enable a comprehensive assessment of the impact of sustainability practices on the environment, society, and farm management. Despite the significance of this approach, only some case studies have examined sustainability practices from this comprehensive perspective.

This study aims to construct integrated sustainability indices using Japanese farms as a case study. The study also tries to identify the impact of integrated sustainability practices on farm resilience, classified as persistence and adaptation, in the face of socio-economic changes, including the ongoing COVID-19 pandemic and the rising cost of production inputs. The findings indicate a strong correlation between integrated sustainability indices and farm resilience. Furthermore, it underscores the significance of acknowledging innovative endeavors by farmers, not tied to the framework of environmental or social themes, in advancing the sustainable development of agriculture.



2 Literature review and hypothesis


2.1 Integration of the sustainability index

Table 1 summarizes the topics discussed in the literature and guidelines on the existing sustainability index in agriculture and food systems. Other than economic sustainability, some literature divided sustainable practices into three subcategories: environmental sustainability, external social sustainability, and internal social sustainability (Van Calker et al., 2005; Meul et al., 2008; Lebacq et al., 2013). According to studies of sustainability index in agriculture, internal social sustainability refers to employees’ work environment, education, and other forms of employee well-being, while external social sustainability refers to social values and concerns, such as community revitalization and job creation on the part of agriculture, food security, and the like (Lebacq et al., 2013). In Table 1, more than half of the indicators mentioned are related to energy, water, biodiversity, air quality, land (environmental), food safety, supplier social assessment (external social), and workplace conditions, labor health (internal social). Unlike environmental indicators, social indicators tend to be adopted differently, depending on the purpose and context. In this study, sustainability is quantified for each theme by adding topics considered issues in Japanese agriculture and food systems.



TABLE 1 Sustainability themes in the agricultural sector.
[image: Table1]

How can these various sustainability indicators be integrated? According to Table 1, more than half of the studies reviewed for this purpose report each indicator individually, without any integration description. However, some weight each indicator using input from experts and focus groups, integrating them into each theme (Van Calker et al., 2005; Meul et al., 2008; Ripoll-Bosch et al., 2012) or a single index (Gómez-Limón and Sanchez-Fernandez, 2010). On the other hand, a study analyzing the correlations among sustainability indicators in different countries has shown that there are synergies (significant positive correlations) among indicators of different themes (Zhang et al., 2021). Then, studies should include a perspective on the interrelationships among indicators across themes. One study that compares tools to assess the sustainability performance of farms highlights the importance of indicator interaction as a condition for understanding the complementarity of sustainability practices (Binder et al., 2010); however, none of the tools analyzed made any reference to indicator interactions (De Olde et al., 2016). Then, this study posits a hypothesis on the sustainability indices as follows:


Hypothesis 1: The sustainability practices of farms can be evaluated as integrated activities that go beyond the thematic framework of environmental, external social, or internal social sustainability.
 

To further enhance the validity of the indicator, firstly, the context in which it is used needs to be clarified (Latruffe et al., 2016). In comparative studies, the presence or absence of synergies among indicators varied widely across countries (Zhang et al., 2021). In other words, it is important to test the above hypotheses for a specific country or region. Secondly, this study uses practice-based indicators to quantify sustainability. Although performance-based indicators are generally preferred (FAO, 2013), the FAO’s guideline acknowledges that practice-based indicators may be the most practical for small-scale organizations, where measuring the performance of each indicator is not feasible. As this study focuses on small and medium-sized farms, practice-based indicators are used. These practice-based indicators have end-user validity in that it is easy for farmers to answer (Bockstaller and Girardin, 2003). Indicators with such contextual considerations and flexibility for users can also be used for farmers’ strategic decision-making (Coteur et al., 2016). In other words, the indexes in this study are also intended to be applied to farm management.



2.2 Sustainability practices and farm resilience


2.2.1 Evaluation of farm resilience

As an overview of strategies for farm resilience, farm-level approaches to stresses or shocks can be classified into two categories: persistence and adaptation (Darnhofer et al., 2010). Persistence encompasses an exploitation strategy, wherein the farm capitalizes on successful activities and reallocates more resources toward them, and an absorption strategy, wherein the farm maintains adequate buffer capacity to deal with crises. The components of adaptation are adjustment and transformation strategies. The former involves making adjustments at the farm level, such as implementing new production methods, on-farm processing, or direct marketing to address a disruption. The latter requires farms to reallocate management resources and diversify into unconventional activities.

When analyzing a farm’s resilience to shocks such as the COVID-19 pandemic and rising production costs, it is crucial to understand the resilience capacity of persistence that results from efficiently utilizing resources within the farm to respond promptly to shocks. It is also essential to demonstrate the resilience capacity of adaptation, specifically management innovation, to deal with long-term changes in the socio-economic environment.

How can we quantify farm resilience? Two approaches have been used: one examines actual farm changes, while the other assesses farmers’ subjective perceptions of resilience. As an example of the former, a paper measures robustness, adaptation, and transformation using return on assets (ROA), changes in production, and business diversification, respectively (Slijper et al., 2022). However, relying solely on a few indicators to assess resilience can trivialize the concept. For the latter, a paper obtained farmers’ views on eight items relating to the prospects for future farming resilience (Spiegel et al., 2021). This method considers various aspects of resilience while minimizing the burden on respondents. The current study uses farmers’ subjective perceptions of persistence, measured by a questionnaire survey conducted every six months over several years. The level of adaptation is assessed using the plans for new activities related to technology adoption, production, marketing, and business venturing.



2.2.2 Sustainability practices as resilience attributes

A prior work provides a detailed framework for identifying attributes that define farm system resilience (Meuwissen et al., 2018). Sustainability practices, which aim to reduce risk and seize market opportunities by addressing the needs of a range of stakeholders, are strongly associated with resilience attributes such as stakeholder engagement, resources to implement sustainable production, enterprise diversification, multiple sources of risk management, and high levels of natural, social, human, and financial capital. Other studies suggest that “sustainability is a concept complementary to resilience and refers to the adequate performance of all system functions across the environmental, economic, and social domains” (Nera et al., 2020; Reidsma et al., 2020).

As a concrete empirical example, if sustainability practices are viewed as a form of diversification, the objectives of farm diversification go beyond economies of scope and risk reduction to include expanding managerial expertise, knowledge, and social networks. For example, organic farmers in Austria identified or established niche markets for their goods, obtaining knowledge through social learning and experimentation (Darnhofer and Strauss, 2015). An extensive literature review of farmers’ motives for farm diversification shows that while most farmers diversify to mitigate risks and utilize resources, some seek to capitalize on market opportunities (Yoshida et al., 2019).

Furthermore, when sustainability practices are perceived as a component of stakeholder management, various stakeholders are shown to have distinct roles in augmenting a farm system’s capacity for resilience (Soriano et al., 2023). Moreover, analyses of farming systems encompassing individual farms reveal that cooperatives and producers’ organizations are effective ways for various stakeholders to enhance transformability (Nera et al., 2020). Additionally, studies show that farmers participating in workshops recognize the importance of peer-to-peer learning and knowledge networks in building resilience capabilities (Soriano et al., 2020; Spiegel et al., 2020).

However, only some efforts have attempted to quantify actual sustainability practices and assess their direct relationship to resilience. Numerous empirical studies show a positive correlation between sustainability practices and economic performance (Russo and Fouts, 1997; Waddock and Graves, 1997; Hull and Rothenberg, 2008; El Ghoul et al., 2016). For instance, a company’s ROA positively correlates with higher environmental ratings (Russo and Fouts, 1997), and a positive correlation exists between CSR activities and ROA (El Ghoul et al., 2016). Additionally, meta-analyses of ESG factors and economic indicators reveal a positive relationship (Friede et al., 2015). Moreover, some studies suggest that CSR is linked to innovation, which is considered to have a strong relationship with resilience (Li et al., 2019).

During the pandemic, case studies suggest that engagement in sustainability-oriented activities, such as direct marketing and organic farming, enhances resilience (Mastronardi et al., 2020, 2022; Yoshida and Yagi, 2021; Grigorescu et al., 2022; Little and Sylvester, 2022). However, a comparative analysis of European farming systems’ responses to the COVID-19 pandemic found that while many exhibited strong robustness due to pre-existing connectedness, few demonstrated adaptation or transformation (Meuwissen et al., 2021). Then, this study employs a novel methodology, which includes indexing and quantitative approaches to evaluating the relationship between sustainability practices and farm resilience. The hypotheses are as follows:


Hypothesis 2: Integrated sustainability indices positively correlate with the persistence resilience index.

Hypothesis 3: Integrated sustainability indices positively correlate with the adaptation resilience index.
 





3 Methodology


3.1 Conceptual framework

We use Meuwissen’s framework to evaluate the resilience of farming systems (Meuwissen et al., 2019). The conceptual framework is illustrated in Figure 2. First, all types of farms in Japan are included in the targeted farming system. Second, the COVID-19 pandemic and production cost escalation caused by Russia’s invasion of Ukraine are the challenges farmers face. Third, functions are determined by the most recent changes in the status of a farming business and the existence or non-existence of plans for some new activities over the next five years. Fourth, we clarify the type of resilience capabilities farmers exhibit, i.e., persistence or adaptation. Persistence corresponds to the recent business improvement, while adaptation corresponds to the presence or absence of new activities. Fifth, we focus on sustainability practices as resilience attributes.
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FIGURE 2
 Conceptual framework.




3.2 Analytical framework

Figure 3 shows the analytical framework used in this study. The processes used to develop each indicator and conduct the analysis are explained according to this framework.

[image: Figure 3]

FIGURE 3
 Analytical framework.



3.2.1 Integrated sustainability index

Sustainability practices are categorized into three themes: environmental (9 items), external social (10 items), and internal social (6 items). Indicators are dummy variables representing the presence or absence of specific activities. Referring to Table 1, the content of these indicators was discussed with the agriculture department of the Japan Finance Corporation, which administers the questionnaire, to incorporate responses to specific environmental and social issues in Japan.

More specifically, in addition to the sub-themes in Table 1, environmental sustainability includes the sub-themes “Reduction of Chemical Use” and “Organic Farming” which the production methods promoted by the government. “Cooperation of Crop Cultivation and Livestock Production” is another practice that attracts attention in Japan as a recycling-oriented agriculture that utilizes the by-products of each agricultural production. For external social sustainability, “Community development” in Table 1 is broken down into several indicators. The first is “Community Development,” which refers to the preservation of local traditional events. The second is “Use of Local Resources,” which refers to the utilization of natural and social capital. The last is “Local employment,” which means the creation of local employment. In addition to “Food Safety,” which means ensuring the safety of the production process, “Traceability,” which means recording the production history, was added. “Non-discrimination” is included in “workforce diversity” under internal social sustainability because it is considered to be an argument mainly applicable to employees within farms. On the other hand, sustainable procurement was excluded from the indicators, since small- and medium-sized farms are rather suppliers chosen by large enterprises. “Sense of community” was excluded from the indicators because it is mainly a discussion about labor unions in large companies.

One of the principal objectives of this study is to account for and integrate the interactions among these 25 variables. To do so, we develop indices using a factor analysis conducted on all variables across the three themes. This method demonstrates the feasibility of developing integrated sustainability indices that are meaningful to farmers and aligned with their sustainability goals. When the variables used in factor analysis are ordinal variables rather than continuous variables, it is recommended to use polychoric correlations instead of the usual Pearson correlations (Holgado–Tello et al., 2010). In that previous paper, binary variables can be treated as a special form of ordinal variables, and the correlation coefficients in that case are called tetrachoric correlations. In this study, sustainability practice indicators are dummy variables representing the presence or absence of specific activities. Therefore, in this study, tetrachoric correlations are calculated and used for factor analysis.

The number of factors is determined using a parallel analysis. The rationale underlying parallel analysis is that “nontrivial components from real data with a valid underlying factor structure should have larger eigenvalues than parallel components derived from random data having the same sample size and number of variables (Hayton et al., 2004).” Although parallel analysis is known to be more accurate than other methods of determining the number of factors, it is a method that is generally underutilized (Fabrigar et al., 1999). Then, in parallel analysis, eigenvalues obtained from real data are plotted against eigenvalues obtained from random data, and we retain only factors for which eigenvalues obtained from real data are obviously larger in the analysis. In addition, if the sample size is sufficiently large, it is recommended that variables with factor loading greater than 0.4 be used for factor interpretation (Guadagnoli and Velicer, 1988). To verify the overview of the integrated sustainability index, mean values of the factor scores for each farm type (rice, vegetable, dairy, and beef cattle) and farming area type (urban, plains, mid-mountainous, and mountainous) are compared using analysis of variance.



3.2.2 Resilience

Every six months, the Japan Finance Corporation surveys all farmers with whom it does business to ascertain how their business has fared compared to the previous year. This study uses the survey responses as indicators of farm persistence resilience. The survey asks about changes in the following four areas: business conditions, financing conditions, product cost, and business outlook (see Table 2 for details). As all of these indicators are also on the ordinal scale, they are quantified similarly to the integrated sustainability index. Then, the process of the factor analysis used to the integrated sustainability index is also applied in developing the resilience index. In this case, polychoric correlation is calculated for four ordinal variables. This resilience index represents the persistence component in the capacity for resilience, as it assesses the extent of improvement under recent business conditions.



TABLE 2 Characteristics of persistence and adaptation indicators.
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Regarding adaptation, the business plans spanning the forthcoming five years serve as indicators of adaptive resilience for the factor analysis. The types of business plans encompass increasing sales, exploring new marketing channels, starting new businesses, developing new products, and adopting new technology. The same factor analysis process can still be applied to these binary variables as is used for the integrated sustainability index.



3.2.3 Resilience and sustainability

Finally, we conduct regression analyses to identify the impact of sustainability practices on resilience. OLS regressions are performed using the resilience indices as the dependent variables and the integrated sustainability indices as independent variables. Other control variables include farm type, sales (ordinal variable), agricultural firm dummy, geographic type, and region. Assuming that the error terms are correlated for each farm type, cluster robust standard errors are used.





4 Data

As noted above, we use a questionnaire survey administered by Japan Finance Corporation as our data source. The survey targeted farmers who have borrowed funds to support their businesses. It was mailed in June 2022, garnering a response rate of 23% (6,772 respondents). Thus, the analysis considers the considerable variability in sustainability practices across different farm types. It is reasonable to assume that viable sustainability practices differ considerably, depending on the socio-economic and environmental conditions in which a given farm operates. Therefore, we restrict our analysis to farm types for which the sample size exceeds 500 to estimate variation within each farm type accurately. The analysis focuses on four types of farms, namely, rice farms (n = 2,180), vegetable farms (n = 1,254), dairy farms (n = 595), and beef cattle farms (n = 575), resulting in a total sample size of 4,604.

These four farm types essentially include arable farm (rice and vegetable) and livestock farm (dairy and beef cattle), which are expected to differ greatly in their sustainable practices and resilience status during this study period. Accounting for this variation among farm types contributes to the validity of the results of this study. Furthermore, according to the 2020 Census of Agriculture and Forestry, these four farm types account for 76.6% of the total number of farms in Japan. Even when limited to livestock production, the share of dairy and beef cattle farms is 84.2%. In other words, the four farm types in this study cover a wide range of the Japanese agricultural structure and are appropriate as a sample.

Table 3 presents the characteristics of the sample used in this study, showing the distribution of the number of farmers by farm type in this questionnaire and the Census of Agriculture and Forestry. The results show that this study’s proportion of rice farms is relatively low. Table 3 also reveals that the proportion of farmers with more than 100 million yen in sales is higher in this study than in the census for all farm types. It is important to note that the analysis in this study is confined to farmers with relatively large-scale operations who obtain business-related loans from government-sponsored financial institutions.



TABLE 3 Comparisons of data between the survey and agricultural census.
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5 Results


5.1 Sustainability practices

Figure 4 depicts the percentage of respondents committed to sustainability practices by farm type. Regarding environmental sustainability, approximately 30% of rice and vegetable farms exhibit involvement in “reduction of chemical use” and “organic farming.” Notably, rice farming, which relies heavily on water as a natural resource, is characterized by a high degree of attention toward “water withdrawal and quality.” Over 50% of dairy and beef cattle farms pursue “cooperation of crop cultivation and livestock production.” This practice has garnered attention for its environmentally friendly aspects through resource recycling and its capacity to mitigate increasing production costs.

[image: Figure 4]

FIGURE 4
 Proportion of sustainability practices. Survey question—“Which of the following sustainability practices are you implementing? (Multiple answer).”


In the category of external social sustainability, “traceability” and “food safety” are the most prominent practices, implying widespread production process innovations. Most rice farms included in the survey have implemented “landscape management,” indicating that rice farming significantly impacts Japan’s rural landscape. For vegetable farms, “local employment” is a popular form of pursuing social sustainability. Meanwhile, many dairy and beef cattle farms engage in practices involving the “use of local resources.” However, there is limited interest in some issues where agriculture is expected to play a significant role, including “food culture diversity” and “food access.”

Concerning internal social sustainability, “workplace safety” is the top priority for respondents across all farming types. However, investment in human resources such as “adequate income” and “capacity development” is relatively low. Aside from vegetable farms, only about 10% of farms prioritize “workforce diversity.” These findings emphasize the need for sustainability assessments in Japanese agriculture to encompass not only the environment, local communities, and consumers but also the welfare of farm employees.



5.2 Integration of sustainability practices

Based on a tetrachoric correlation analysis on sustainability indicators (see Supplementary Table S1), we employ a factor analysis to analyze the underlying farmers’ sustainability goals and use the factor scores as integrated sustainability indices. Figure 5 of the parallel analysis indicates that farmers’ sustainability goals can be characterized by six factors. Table 4 displays the factor loadings of these sustainability indicators within the six-factor model. Factor 1 includes high factor loadings for “local employment” and for all internal social sustainability elements, excluding “workforce diversity.” Hence, factor 1 is interpreted to represent the goal of job creation and investment in human capital, which we summarize as “caring for employees.” However, the factor loading for “Workplace Safety” is relatively low at 0.41, indicating that income and human resource development are more important in caring for employees.

[image: Figure 5]

FIGURE 5
 Parallel analysis for factor analysis on the sustainability index. The number of clusters where the eigenvalue from actual data certainly exceeds that of simulated data is six.




TABLE 4 Factor analysis for integrated sustainability indices.
[image: Table4]

Factor 2 incorporates food-related issues such as “food culture diversity,” “food education.” and “food access” into the environmental sustainability concerns represented by “reduction of chemical use” and “organic farming.” Thus, this factor addresses environmental and social issues linked to food and can be defined as “solving food challenges.” Factor 3 centers on conserving water and soil resources, encompassing aspects such as “water withdrawal and quality” and “soil quality and land degradation,” as well as the upkeep and enhancement of the region, including “landscape management” and “community development.” Accordingly, this factor is labeled as “caring for land and community,” signifying that farmers consider the conservation of local land and community as an integral part of their farming activities.

Factor 4 and factor 5 are composed exclusively of “cooperation of crop cultivation and livestock production” and “food safety,” respectively. Factor 4 also exhibits a relatively higher factor loading for “animal welfare,” which indicates it is a primary objective for livestock farmers. Factor 6 exhibits high factor loadings for climate change mitigation measures, including “renewable energy use” and “greenhouse gases reduction,” as well as for the “use of local resources.” Therefore, it can be defined as “use of natural and local resources,” as it aims to promote the efficient and integrated use of natural and local resources.

Four of these six factors denote the interactions between environmental sustainability and external or internal social sustainability indicators. This fact shows the importance of incorporating sustainability practices that align with farmers’ specific goals rather than solely analyzing the indicators or classifications obtained from standardized themes, supporting the hypothesis 1.

According to the results of the analysis of variance on the characteristics of the integrated sustainability indices by farming type and farming area type (Table 5), vegetable farms prioritize “caring for employees,” “solving food challenges,” and “food safety.” In contrast, rice farmers exhibit a significantly higher mean value for the “caring for land and community” factor than other farm types.



TABLE 5 Comparisons of integrated sustainability indices among farm type and geographic type.
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Examining the relationship between geographic type and sustainability goals shows that “caring for employees,” “solving food challenges,” and “food safety” are predominantly addressed in urban regions. This fact may be attributed to the higher demand for quality working conditions and more health-conscious consumers in urban areas, where conditions for agricultural production are not always favorable due to urban sprawl.



5.3 Farm resilience index

Table 2 displays the descriptive statistics concerning the resilience index. As for the persistence resilience index, fewer than 10% of respondents said business or financing conditions, production costs, or the business outlook improved.

Additionally, Table 2 also demonstrates the indicators of adaptive resilience. Less than half of farmers had plans for any activities in the next five years. The results of Table 2 indicate that a limited number of farmers possess resilience capacities, such as persistence and adaptation, in the current socio-economic environment.

Table 6 exhibits the factor analysis findings conducted for the persistence index. Figure 6 of parallel analysis for persistence indicates the presence of a one-factor model in this context. This fact substantiates that the four indicators above collectively form the persistence index. Similarly, Table 7 presents the outcomes of the factor analysis conducted for the adaptation index. Figure 6 of the parallel analysis for adaptation suggests a two-factor model as optimal. Factor 1 demonstrates substantial factor loadings for “Plan for new marketing channel,” “Plan for new business,” and “Plan for new product,” indicating that it serves as an index representing farmers’ inclination towards diversifying their farms. On the other hand, factor 2 solely displays a large factor loading for “Plan for new technology.” Hence, this factor signifies farmers’ inclination towards future technological transformation.



TABLE 6 Factor analysis for persistence index.
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FIGURE 6
 Parallel analysis for factor analysis on the farm resilience [(A) persistence and (B) adaptation]. (A) The number of clusters where the eigenvalue from actual data certainly exceeds that of simulated data is one. (B) The number of clusters where the eigenvalue from actual data certainly exceeds that of simulated data is two.




TABLE 7 Factor analysis for adaptation index.
[image: Table7]



5.4 Relationship between integrated sustainability index and farm resilience

The results of the regression analysis of the relationship between resilience and sustainability, controlling for the fundamental variables (see Supplementary Table S2), are presented in Table 8. Regarding the integrated sustainability index, we note that “caring for employees,” “solving food challenges,” and “use of natural and local resources” are positively correlated with the persistence index, supporting the hypothesis 2. These sustainability practices are, therefore, key attributes of short-term resilience.



TABLE 8 Effects of integrated sustainability indices on farm resilience.
[image: Table8]

In addition to these three sustainability indices, the remaining three integrated sustainability indices, “caring for land and community,” “cooperation of crop cultivation and livestock production,” and “food safety,” are positively associated with the diversification index and technological change index, suggesting that a broader range of sustainability goals may potentially play a crucial role in the long-term adaptation aspect of resilience rather than in short-term persistence. This finding supports the hypothesis 3.

The positive effect of the persistence index on the diversification index suggests that demonstrating short-term resilience is an important step in attaining long-term resilience. The Aroian test estimated the indirect effects of each integrated sustainability index through the positive impact of the persistence index on the diversification index, and found that “caring for employees,” “solving food challenges,” and “use of natural and local resources” all had positive indirect effects (p < 0.01).

Table 8 also presents the resilience levels of four farm types. The coefficient for vegetable farms is the highest for the persistence index, while the coefficient for dairy farms is the lowest. These findings suggest that the effects of shocks such as the COVID-19 pandemic and rising production costs, which are the focus of this study, vary considerably across farm types. Regarding the adaptive resilience, rice and vegetable farms exhibit a greater propensity for planning various novel activities than livestock farms. Furthermore, rice farms predominantly prioritize the pursuit of technological transformation. Our results highlight a significant connection between integrated sustainability indices and farm resilience, even after accounting for farm types and other control variables.




6 Discussion

The results of the analysis conducted in this study are summarized in Figure 7. In this section, we discuss the implications of these findings.

[image: Figure 7]

FIGURE 7
 Summary of this study.



6.1 Validity of integrated sustainability index approach

The integrated sustainability index highlights the sustainability goals of Japanese farmers by accounting for the interactions between ranges of sustainability indicators. The findings show that four of the six factors we identify display linkages between environmental, external social, and internal social sustainability. This result confirms there is complementarity among sustainability practices (Binder et al., 2010) using practice-based indicators (FAO, 2013) of small and medium-sized farmers. As such, the results suggest that the indices used in this study are more adept at evaluating farmers’ sustainability endeavors than an index that integrates all indicators (Gómez-Limón and Sanchez-Fernandez, 2010) or that integrates indicators within a single theme (Van Calker et al., 2005; Meul et al., 2008; Ripoll-Bosch et al., 2012).

Using the indices constructed in this study reveals dissimilarities concerning certain sustainability practices by farm type, including consideration for employees and food-related challenges in vegetable farms, consideration for land and community in rice farms, employment of natural and local resources in dairy farms, and arable-livestock interdependence in beef cattle farms. Moreover, we demonstrate that the orientation of sustainability practices varies based on geography-based qualities. Notably, the findings that highlight differences in active consideration for employees and food-related challenges in urban areas, which face inherent farming difficulties, imply that sustainability practices are crucial in the continuity of farming in disadvantaged areas.



6.2 Enhancing farm resilience through sustainability practices

The post-COVID-19 economic turbulence precipitated a decline in economic performance for over half of all farmers during the study period. Furthermore, the proportion of farmers intending to alter their management practices within the forthcoming five years remained notably modest. Regression analysis elucidates substantial variations in economic performance across different farm types, notably highlighting the precarious situation within livestock farming sectors such as dairy and beef production. In essence, enhancing farm resilience emerges as a crucial imperative for the agricultural sector to surmount such economic adversities.

While previous study has shown a positive correlation between agricultural sustainability and resilience using country-level aggregate data (Volkov et al., 2022), this study has quantitatively demonstrated the impact of sustainability practices on farm resilience by indexing agricultural sustainability and farm resilience at the farm level. Moreover, by dividing agricultural resilience into persistence and adaptation, we have succeeded in approaching the important issue of identifying factors that lead to transformability resilience in agriculture (Meuwissen et al., 2021).

Firstly, the integrated sustainability indices developed in this study provide a better understanding of the relationship between farm resilience and sustainability. We find that “caring for employees,” “solving food challenges,” and “utilizing natural and local resources” are positively correlated with the farm resilience index for persistence. Consistent with the previous study (Meuwissen et al., 2018), one factor contributing to resilience could be the preservation and development of human resources through “caring for employees.” Secondly, “solving food challenges” is a resilience attribute for sustainable production. As shown in previous studies (Mastronardi et al., 2020, 2022; Yoshida and Yagi, 2021; Grigorescu et al., 2022; Little and Sylvester, 2022), diversifying to tackle various food-related challenges is also a crucial attribute of resilience. Finally, “utilizing natural and local resources” contributes to the resilience attribute of risk management by diversifying management resources. As shown in the previous study (Binder et al., 2010), this result suggests that implementing multiple practices aligned with each sustainability goal is critical to enhancing farm resilience.

On the other hand, we do not find a positive relationship between “caring for land and community” and the persistence index. This sustainability goal has traditionally been recognized as a critical function of Japanese rice farming, which helps preserve rural landscapes and communities. Nonetheless, if such activities are not linked to short-term farm resilience, this poses a significant challenge to the continuity of rural Japan. Similarly, “cooperation of crop cultivation and livestock production” and “food safety,” emphasized administratively in recent years, exhibit a weak relationship with farm resilience. In other words, while certain sustainability practices have a strong complementary relationship with farm resilience, others have a weak connection. The latter will only be able to maintain in the long term with measures to support continuous farm efforts.

Secondly, we observe a stronger positive correlation between sustainability practices and the long-term adaptive resilience indices. In other words, resilience attributes attained through sustainability practices are more closely associated with innovations that may significantly alter a farm’s management style in the long term rather than short-term financial performance improvements. As a form of diversification that transforms farm management and farm identity, sustainability practices promote stakeholder management and involvement, which are known to be highly effective in promoting transformability (Nera et al., 2020; Soriano et al., 2023). Furthermore, the adaptive resilience index has been shown to be influenced by the persistence resilience index. Consequently, the sustainability practices indirectly affect long-term resilience through short-term resilience improvement. Considering that many farm resilience studies indicate a lack of factors promoting transformability (Meuwissen et al., 2021), this study highlights the significant role that sustainability practices play in enhancing adaptive farm resilience.

The social implications of the above results are discussed. First, financial institutions can consider socially and environmentally sustainable practices in agriculture as a risk management tool and use them in their financing and investment decisions. Second, Japan’s Ministry of Agriculture, Forestry and Fisheries (MAFF) has developed guidelines on ESG regional finance. The results of this study provide evidence for the effectiveness of such guidance and also suggest a simplified method of identifying and interpreting sustainable practices. Third, for farmers who implement sustainable practices, the contribution of this study is that it clearly shows the process of achieving agricultural sustainability, in which farmers can attain economic sustainability by choosing multiple sustainable practices according to their business objectives.




7 Conclusion

This study aims to quantitatively examine the relationships that connect sustainability and farm resilience using indices that consider the interactions between sustainability indicators in agriculture. An analysis was conducted using the results of a questionnaire survey administered by a publicly-held Japanese bank. First, the findings indicate a complementary relationship between environmental, external social, and internal social sustainability, and six integrated sustainability indices were developed using factor analysis. This result suggests that to assess farmers’ sustainability practices adequately, they must be quantified in a way that aligns with the sustainability goals of farmers in each country or region. Second, a regression analysis demonstrates the positive relationship between sustainability and farm resilience. In the area of farm resilience, which has lacked a quantitative evaluation, this study makes a novel contribution by explicitly revealing the role of sustainability practices in responding to the shocks of the COVID-19 pandemic and the sharp rise in production costs resulting from Russia’s invasion of Ukraine. Furthermore, this study demonstrates that sustainability practices are strongly related to long-term adaptive resilience.

The limitations and future research suggested by this study are threefold. First, practice-based indicators that incorporate the level and extent of such practices will be required to develop a more precise sustainability index. The most important task will be to develop a list of evaluation items. According to previous research, the development of a valid sustainability assessment framework requires the active involvement of farmers from the start, alongside dialogue with other stakeholders across the food chain (Coteur et al., 2016). Then, once the list of the sustainable practices is completed, the causal relationship between the practices and the presumed outcomes needs to be scrutinized (Meul et al., 2008). Here, advice from experts in the respective fields and an extensive literature review are indispensable. Lastly, in order to verify the validity of the indicators, it is still important to take into account the context of each country and region. Hence multi-country surveys and comparative studies will be required.

Secondly, this study needs a way to verify the mechanisms by which sustainability practices affect farm resilience. Sustainability practices are expected to influence various attributes that constitute the foundation of farm resilience. Further research is needed to explore the role of sustainability practices in developing farm resources, networks, production, and learning.

In conclusion, this study holds several implications for developing an international index of agricultural sustainability. The integrated sustainability index approach presented here can serve as a valuable tool to accurately depict farmers’ sustainability practices and to evaluate their effectiveness in enhancing farm resilience and performance. However, it should be noted that the interactions among the indicators underlying the index developed here may differ considerably across countries and regions. Therefore, the integrated sustainability index approach should be applied with care and tailored to the specific objectives and scope of the investigation. Additionally, empirical analyses of the relationship between integrated sustainability index and farm resilience in different countries and regions will help ascertain sustainability practices’ universality in promoting long-term farm development. The accumulation of such empirical studies would be a crucial step toward refining an integrated sustainability index into a useful decision-making tool for farmers.
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