


Environmental Sustainability in Wineries: How Contingency Factors and Environmental Management Accounting Tools Influence Environmental Performance?

Abstract:  
Purpose: How do wineries design sustainability practices and use Environmental Management Accounting (EMA)? This study addresses that question by analyzing the influence of contingency factors on the adoption of sustainability practices and the use of EMA tools to improve the environmental performance of wineries.
Materials and Methods: The research was carried out through a survey with 171 Brazilian wineries, and structural equation modeling regression was used to test the hypothesis.
Results: The results suggest that contingency factors, such as environmental uncertainties, environmental strategy, and technology influence the adoption sustainability practices and the use of EMA tools and have a positive impact on the environmental performance of Brazilian wineries. The study also shows that there is no direct effect between the use of EMA tools and environmental performance, but there is positive impact on financial and non-financial performance, indicating that in winery setting EMA tools are mainly used for cost saving and economic purpose rather than environmental impact.  
Conclusion: This study extends our understanding of how wineries design sustainability practices and deploy Environmental Management Accounting (EMA) tools in response to contextual contingencies. Drawing on Contingency Theory, we highlight the role of environmental uncertainty, strategy, and technology in shaping sustainability behavior. Our findings further show that the use of EMA tools by Brazilian wineries often leads to economic benefits.
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1 Introduction 

Environmental sustainability has become an urgent priority for firms worldwide, driven by escalating ecological challenges such as global warming and the increasing scarcity of water and energy resources (Marco-Lajara et al., 2023; Martínez-Falcó et al., 2023). In this context, firms face growing pressure from stakeholders to integrate environmentally responsible strategies (Afum et al., 2020) and to embed environmental accounting practices into their core management systems (Burritt et al., 2020). This pressure is particularly acute in environmentally sensitive sectors such as wine production, where environmental impacts are closely scrutinized (Christ, 2014). As a resource-intensive setting anchored in agricultural inputs (most notably grapes), wine production entails extensive land use and involves a sequence of processing stages that generate both organic and inorganic waste streams (Zacharof, 2017). Furthermore, the sector’s substantial consumption of water and energy introduces critical sustainability challenges with broad environmental repercussions (Gabzdylova et al., 2009; Trigo & Silva, 2022; Martínez-Falcó et al., 2025).  These concerns span the entire value chain, from viticulture and fermentation to packaging and distribution. As such, context-sensitive approaches to sustainability are required.
[bookmark: _Hlk204604757][bookmark: _Hlk204604770]Evidence from previous literature suggests that the adoption of environmental information metrics is more likely when winery pursue clear environmental strategies and comply with regulatory requirements (Christ, 2014). However, the lack of reliable environmental information on operational processes and products remains a key challenge in explaining the environmental performance of wineries (Marco-Fondevila et al., 2020). Acknowledging this issue, Martínez-Falcó et al. (2025) call for further research, emphasizing the importance of Environmental Management Accounting (EMA) in promoting long-term sustainability by helping wineries reduce operational costs, water waste and energy consumption. EMA has been increasingly recognized as a vital tool for embedding environmental considerations into core management processes (Burritt, 2004; Gunarathne & Lee, 2021; Sari et al., 2021; Appannan et al., 2023; Gunarathne & Lee, 2023). It enables organizations to systematically monitor, quantify, and report both financial and physical aspects of environmental performance (Gunarathne et al., 2023; Xu et al., 2025), thereby supporting evidence-based decision-making through structured sustainability metrics (Schaltegger et al., 2022). These actions include material reuse (Rugani et al., 2013), resource optimization, especially in water and energy use (Marshall et al., 2005; Trigo & Silva, 2022), and the institutionalization of recycling practices (Pomarici & Vecchio, 2019). Such initiatives are not merely exercises in compliance, rather they reflect evolving organizational capabilities designed to align environmental responsibility with performance goals. Despite these insights, our understanding of how wineries design and use sustainability practices to assess organizational outcomes remains limited. 
We argue that this gap stems from insufficient knowledge of how winery context factors shape the adoption of sustainability practices and use of EMA tools. These contextual factors, such as climate change and natural disasters (Latan et al., 2018), stakeholder pressure, regulatory compliance, and consumer demand (Baird et al., 2018; Gabzdylova et al., 2009), differentiation strategies (Trigo & Silva, 2022), and technological advancements (Agi & Nishant, 2017; Sharma et al., 2017) affect the magnitude of firm’s action. Specially, it has been argued that factors such as environmental uncertainty, environmental strategy, and technology play a particular role in shaping organizational practices (Maas et al., 2016; Latan et al., 2018; Sharma et al., 2017), encouraging managers to engage more proactively in sustainability initiatives. To explore this nuance, we draw on Contingency Theory, which offers a useful lens for understanding how these factors influence sustainability management in the winery context. These dynamics compel managers to incorporate a wide range of considerations into their sustainability-related decisions (Christ, 2014), not only to meet stakeholder expectations and strengthen organizational legitimacy, but also to reduce environmental impact and reinforce corporate responsibility (Jun et al., 2024). From this perspective, we draw on the limited existing evidence on the intersection between these elements (Gond et al., 2012; Christ, 2014; Gerged et al., 2024) to suggest that a winery’s adoption of sustainability practices and use of EMA tools do not occur in isolation but are influenced by contingency factors. Hence, this study seeks to answer the following research question: How do contingency factors influence the adoption of sustainability practices and the use of EMA tools, contributing to environmental performance in wineries? 
Our research contributes to the business literature by addressing how firms in the winery setting design sustainability practices and use EMA tools to ensure that strategic and operational objectives are taken into account. Our study responds to calls for more research exploring how decision-making on sustainability matters is conducted in less explored settings (e.g., the winery setting) (Elhossade et al., 2021; Schaltegger et al., 2022). We also advance the literature by highlighting Contingency Theory as a critical lens for understanding how wineries engage in sustainability practices, particularly in designing and using sustainability practices. Thus, we add to the literature that illustrates how contingency factors lead to positive sustainable outcomes (Christ et al., 2014; Hsiao et al., 2022; Steur et al., 2020; Karagiannis & Metaxas, 2020), by showing that environmental uncertainties, environmental strategy, and technology are core elements that influence wineries to adopt sustainability practices and use EMA tools.
Second, this study shows that, in the Brazilian winery context, the use of EMA tools does not directly influence environmental performance but is positively associated with financial performance. This finding suggests that firms may adopt EMA primarily for its economic utility (for cost savings and operational efficiency), rather than as a comprehensive tool for environmental change. In line with Monteiro et al. (2025), who emphasize that the juxtaposition of such orientations can enhance the effectiveness of environmental management practices, our findings prompt managers to reconsider how economic goals can be strategically aligned with environmental objectives, given the broader organizational context and underlying motivations. Finally, our study also offers practical contributions by providing insights that can help policymakers design more effective environmental incentives and regulations, as well as assist managers in implementing sustainable strategies tailored to the unique characteristics of the wine sector. These efforts have the potential to reduce environmental impacts while simultaneously enhancing organizational performance.

2 Theoretical foundation and hypothesis development
2.1Exploring Contingency theory in sustainability context
Contingency theory remains one of the most prominent theoretical lenses in management accounting research (Chenhall, 2003) and has provided a foundation for understanding the emergence and application of Environmental Management Accounting (EMA) (Christ & Burritt, 2013b; Christ, 2014). Its central premise that the effectiveness of organizational systems is conditional on internal and external contextual factors, offers explanatory power for the variation observed in EMA adoption across firms. In this view, contingency theory helps account for how particular contextual configurations may either facilitate or inhibit the integration of sustainable practices, contributing to resource efficiency and improved organizational performance (Agi and Nishant, 2017; Maletič et al., 2018; Christ, 2014).
A central contribution of contingency theory lies in its capacity to elucidate how diverse management practice designs emerge in response to contextual conditions (Hutahayan, 2020). Rather than assuming a universally optimal management practices, the theory emphasizes fit between system characteristics and organizational context, thereby explaining observed inter-firm variation in organizational structures and processes (Elhossade et al., 2021). Among the contingent factors that have been explored, we focus on environmental uncertainty, environmental strategy, and technology, due to its relevance for environmental sustainability studies in the winery context.
Environmental uncertainty refers to the unpredictability of market demands, regulatory shifts, competitor actions, and broader environmental changes (Maletič et al., 2018; Sharma et al., 2017; Wang et al., 2018) and emerges as a critical trigger for sustainability-related organizational change. Firms experiencing such uncertainty are more likely to adopt EMA as a means to enhance decision-making under volatile conditions (Latan et al., 2018; Elhossade et al., 2021). Another factor, environmental strategy, plays a fundamental role in contingency theory, allowing integration with other contingency factors (Chenhall, 2003). Defined as a proactive commitment to environmental goals beyond mere compliance, environmental strategy has been positively associated with the use of EMA practices (Christ & Burritt, 2013b; Gunarathne & Lee, 2021, 2023). These strategies not only shape EMA use but also have both direct and indirect effects on environmental performance (Latan et al., 2018; Pondeville et al., 2013).
Technology constitutes another core contingency factor, seen as a structural determinant of organizational functioning and control systems (Waterhouse and Tiessen, 1978; Abdel-Kader and Luther, 2008). In sustainability contexts, technological adoption serves as a mechanism through which firms can align environmental goals with operational capabilities (Hofmann et al., 2012). Information technology enables enhanced integration between performance measurement and strategic objectives (Hyvönen, 2007) by providing timely, relevant information necessary for navigating environmental complexities (Gordon & Miller, 1976).
The co-evolution of these contingency factors is particularly salient in environmentally sensitive sectors such as the wine industry, where external pressures from stakeholders, customers, regulators, communities, and industry associations serve as catalysts for environmental responsiveness (Gabzdylova et al., 2009; Karagiannis & Metaxas, 2020; Nave et al., 2021; Steur et al., 2020). In this domain, stakeholder pressure not only reinforces regulatory compliance but often necessitates strategic environmental action (Ateş et al., 2012). Environmental strategy, in turn, requires firms to prioritize among competing sustainability concerns (Morioka and Carvalho, 2016) and to develop long-term orientations that meet evolving stakeholder expectations (Maletič et al., 2018).
This strategic orientation frequently entails product and process innovation, enabled by new technologies such as advanced machinery, software, and employee training systems (Rosa et al., 2020; Hofmann et al., 2012). Within the wine sector specifically, the mitigation of environmental impacts, such as those arising from solid waste, often hinges on such technological investments (Devesa-Rey et al., 2011). Thus, the interplay between contingent factors (uncertainty, strategy, and technology) shapes the adoption of sustainable practice and use of EMA.

2.2 Contingency factors, adoption of sustainability practices and use of EMA tools
The literature on contingency factors has signalize the importance of firms accounting for uncertainty in the environment they operate, the strategy that reflect firms value and mission as well as technology adopted to maintain the competitiveness in the market (Khanh et al., 2024). While a considerable contribution has been added to the environmental strategy (Gunarathne et al., 2023), there is still demand for more studies understanding the implication of this factor in the winery context. 
Previous literature has shown that sustainability practices consist of firms actions adopted to minimize environmental impacts and promote more balanced development (Raut et al., 2019; Silva et al., 2022). The adoption of such practices is particularly important as wineries face an increasingly uncertain environment, including challenges such as potable water scarcity, high levels of waste generation, and extreme weather events (Trigo & Silva, 2022). Ignoring these events and their associated environmental risks is detrimental, as the potential for financial loss and severe environmental damage is undeniable (Christ, 2014; Steur et al., 2020; Karagiannis and Metaxas, 2020).
In addition, demands from customers, local communities, industry associations, and government agencies, has been a key driver for the adoption of sustainability practices (Gabzdylova et al., 2009; Steur et al., 2020; Karagiannis & Metaxas, 2020; Nave et al., 2021). Such pressure can lead companies to adopt environmental strategies that go beyond regulatory compliance (Ateş et al., 2012) and to invest in technologies that enable cleaner and more sustainable production (Devesa-Rey et al., 2011). Previous literature devised from Contingency Theory to explain how these factors can facilitate or hinder the adoption of sustainable practices, influencing on more efficient resource allocation and improved performance (Agi & Nishant, 2017; Maletič et al., 2018; Christ, 2014). Specifically, the level of consideration given to environmental uncertainties, strategies, and technology, may either facilitate or undermine the adoption of sustainable practices, eventually impacting environmental performance (Agi and Nishant, 2017; Latan et al., 2018; Maletič et al., 2018).
Environmental uncertainties pose challenges that demand practices aimed at minimizing their impact and ensuring business continuity. Examples include the use of alternative energy sources and waste treatment equipment (Maletič et al., 2018; Sharma et al., 2017; Wang et al., 2018). Technology, in turn, plays a crucial role in this process, being associated with cleaner production processes and the enhancement of environmental practices (Hofmann et al., 2012). Additionally, strategy enables companies to integrate environmental concerns into their management practices, through strategies focused on the development of sustainable products and processes (Morioka & Carvalho, 2016; Pondeville et al., 2013). Proactive environmental strategies can be understood as opportunities to improve energy efficiency, environmental performance, and economic efficiency (Sangle, 2010). The environmental strategy positively and simultaneously impacts the economic and environmental performance of organizations (Latan et al., 2018; Gunarathne et al., 2021). Based on these findings, there appears to be a growing tendency to consider a positive effect of contingency factors on the adoption of sustainability practices in wineries. Based on the above, the following hypothesis is proposed:

H1. In the winery context, contingency factors, such as environmental uncertainties (a), environmental strategy (b), and technology (c), is positively associated with the adoption of environmental sustainability practices.
In addition to sustainability practices, the literature highlights that management tools provide relevant information on the use of environmental resources and promote a culture of sustainability in wineries (Martínez-Falcó et al., 2025). In this regard, Environmental Management Accounting (EMA) is identified as a key set of management tools for sustainability, as it supports internal decision-making and enables the identification, assessment, and integration of various types of information (Burritt, 2004; Bresciani et al., 2023), such as environmental costs, material flows, energy use, and physical environmental resources (Burritt et al., 2002; Jasch, 2003; Schaltegger et al., 2008; Martínez-Falcó et al., 2025). As a result, EMA enables the simultaneous reduction of environmental impacts and costs (Doorasamy, 2015), strengthens corporate reputation (Zandi & Lee, 2019; Gunarathne et al., 2021; Appannan et al., 2023), and improves organizational performance (Burritt et al., 2023). The literature illustrated that firms in high-impact sectors, such as manufacturing, derive particular benefits from environmental management accounting (EMA) as a means of improving environmental efficiency (Zhen & Rahman, 2024). Yet across manufacturing, energy, mining, and service industries, EMA remains fragmented and non-standardized, with adoption shaped by organizational contingencies and external pressures (Christ & Burritt, 2013b). Previous evidence shows that EMA effectiveness depends on interfirm and stakeholder collaboration, which is critical for advancing cleaner production (Burritt et al., 2019). In agribusiness, where ecological pressures directly threaten business viability, EMA controls serve as essential mechanisms for detecting inefficiencies and capturing cost savings. By reducing waste and conserving energy, these controls simultaneously enhance competitiveness and lower the sector’s environmental footprint (Rodrigues et al., 2025).
In the wine sector, EMA facilitates the evaluation of the long-term implications of winery activities (Christ, 2014) and the identification of inefficiencies and opportunities for sustainability improvements (Martínez-Falcó et al., 2025). This involves key measures that reflect resource use, emissions, and ecological impact. Commonly applied EMA indicators include water use efficiency, measured as liters per liter of wine produced, and carbon emissions per bottle, which quantify the environmental cost of production (Christ, 2014). The percentage of renewable energy used and the share of vineyard area under organic or biodynamic certification are also critical indicators of environmental commitment (Fragoso & Figueira, 2021; Trigo & Silva, 2022). Additionally, the use of recycled materials helps monitor the lifecycle impacts of wine distribution (Fragoso & Figueira, 2021). As sustainability becomes integral to competitive advantage in the wine industry, EMA emerges as an essential tool. Its consistent application enhances transparency, operational efficiency, and stakeholder engagement. Wineries that embed these metrics into their core strategy are better positioned to adapt to environmental risks and regulatory changes (Trigo and Silva, 2022).
Despite the potential benefits of Environmental Management Accounting (EMA), wineries may face several challenges in implementing these tools. Prior research highlights that contingency factors can significantly influence the adoption and use of management practices (Christ, 2014; Latan et al., 2018; Zhen and Rahman, 2024). We argue that, particularly in the context of the wine industry, a sector highly exposed to environmental volatility and reputational scrutiny, understanding how such contingency factors shape EMA usage is critical. In this setting, environmental uncertainties, such as water scarcity (Christ, 2014) and energy shortages (Gunarathne & Lee, 2021), may require wineries to exercise tighter control over the consumption of these natural resources. These uncertainties may also reinforce the need to monitor environmental impacts to avoid penalties (Zhen & Rahman, 2024).
Drawing on Contingency Theory, which posits that organizational effectiveness depends on the fit between internal systems and external conditions (Donaldson, 2001), we argue that the use of environmental management accounting (EMA) tools are contingent on key contextual conditions. First, environmental uncertainty heightens informational demands, prompting organizations to adopt more sophisticated control systems. EMA, in this regard, functions as an adaptive response to volatile environmental conditions, enabling firms to gather relevant data and support environmentally oriented decision-making under uncertainty (Pondeville et al., 2013; Latan et al., 2018; Swalih et al., 2024). Second, strategic orientation conditions how EMA is utilized. Firms pursuing environmental strategies, such as those adopting ISO 14001, require systems that support detailed tracking of environmental performance and continuous improvement (Christ, 2014; Appannan et al., 2023). In these cases, EMA serves not merely as a reporting tool but as a mechanism for achieving strategic alignment. Prior research links both reactive and proactive strategies with increased adoption of carbon accounting and green investments, practices often embedded within EMA frameworks (Christ, 2014; Ferreira et al., 2010; Gunarathne & Lee, 2021; Swalih et al., 2024; Bui & de Villers, 2017). Third, the technological context shapes the feasibility and sophistication of EMA implementation. Digital technologies, such as real-time monitoring and integrated information systems, enhance the accuracy, timeliness, and usability of environmental data (Elhossade et al., 2021; Zhen & Rahman, 2024). As technological complexity increases, so does the need for data-rich accounting tools, reinforcing the contingency-based view that organizational structures and systems must evolve in response to contextual shifts (Gunarathne et al., 2023).
Together, these contingencies, environmental uncertainty and strategy, and technological infrastructure shape the extent to which EMA becomes a valuable and effective organizational tool. Therefore, we expect that contingency factors influence how firms implement EMA tools (Christ & Burritt, 2013b; Chaudhry & Amir, 2020), particularly in sensitive sectors such as the wine sector. Thus, the following hypothesis arises:

H2. In the winery context, the contingency factors, such as environmental uncertainties (a), environmental strategy (b), and technology (c), is positively associated with the use of EMA tools.

2.3 Adoption of sustainability practices, use of EMA tools and environmental performance
The level of design and adoption of sustainability practices has become a central topic in contemporary debates on how firms can embrace more responsible behaviors, reducing social inequalities and environmental impact (Bui & De Villers, 2017; Bandinelli et al., 2020). These practices are often aligned with the Sustainable Development Goals (SDGs) and aim to foster awareness across the entire organization, ensuring a holistic approach to sustainability that permeates all organizational levels, from top management to operational staff (Gunarathne et al., 2021; Appannan et al., 2023). SDGs such as Clean Water and Sanitation (Goal 6), Affordable and Clean Energy (Goal 7), Responsible Consumption and Production (Goal 12), and Climate Action (Goal 13) have been identified as particularly relevant in the business discourse on sustainability, especially for sectors with high resource dependency, such as wineries. Within the wine sector, environmental performance metrics have been highlighted as instrumental in translating sustainability values into concrete practices (Devesa-Rey et al., 2011; Bandinelli et al., 2020; Trigo and Silva, 2022).
The adoption of sustainability practices not only enables firms to innovate and improve processes but also contributes to reducing natural resource consumption and mitigating environmental harm (Ferreira et al., 2010). Prior studies have predicted the association between these practices with improvements in financial and market performance, product quality, innovation, and both environmental and social outcomes (Maletič et al., 2018), while also suggesting that such organizational practices help firms prevent penalties and regulatory fines (Abdallah and Al-Ghwayeen, 2020). Technological interventions, such as solar energy systems that reduce electricity consumption, also enhance firms' environmental and financial performance (Bandinelli et al., 2020). Furthermore, the alignment of sustainability practices with waste reduction policies, particularly at the operational level, where products and services are delivered, is critical. In the winery context, empirical evidence supports the benefits of wastewater treatment, composting organic waste, recycling inorganic materials (Devesa-Rey et al., 2011; Fragoso & Figueira, 2021; Trigo & Silva, 2022), and reducing glass bottle thickness (Forbes & Silva, 2012; Bandinelli et al., 2020) as strategies for lowering greenhouse gas emissions (Trigo & Silva, 2022).
While evidence on the organizational outcomes of designing such sustainability practices within the winery sector remains limited, recent studies (e.g., Martínez-Falcó et al., 2023) suggest that adopting environmental practices across the wine production chain, from grape cultivation to distribution, can promote cultural change, reduce GHG emissions and operational costs, and foster a long-term strategic orientation. These outcomes are ultimately associated with enhanced environmental performance.

H3. In the winery context, the adoption of sustainability practices is positively associated with environmental performance.
The level of use of organizational practices has been suggested as imperative for business success and competitive advantage. Particularly, the literature at the intersection of management accounting and sustainability argues that the use of EMA tools, widely recognized as a means to enhance both environmental and organizational performance (Burritt et al., 2019; Sari et al., 2021), integrates environmental metrics, regulatory compliance, and operational efficiency, which enables continuous monitoring and provides essential data for planning and decision-making (Gunarathne et al., 2021; Schaltegger et al., 2022). Although its benefits are well documented, the literature still highlights challenges and inconsistencies that limit the generalization of its effects on organizational performance. What is known is that EMA tools can provide complementary information on costs and non-financial performance indicators, assisting firms in identifying strategic uncertainties, measuring deviations, and implementing corrective actions to improve environmental performance. However, responses to these tools vary across sectors, and factors such as a lack of specialized knowledge and rigidity in implementation can compromise their effectiveness (Xu et al., 2025).
One of the main tensions in EMA research lies in its excessive focus on measurement, which is often disconnected from tangible improvements in environmental and economic performance (Abdel-Maksoud et al., 2021; Schaltegger et al., 2022; Asiaei et al., 2023; Bresciani et al., 2023; Gunarathne et al., 2023; Gerged et al., 2024). While studies show that EMA supports the traceability of physical flows and environmental costs, its effects on operational efficiency and sustainability still lack robust empirical evidence (Schaltegger et al., 2022). Another critical issue is the concentration of EMA research in a limited number of sectors and geographic regions (Hsiao et al., 2022; Gerged et al., 2024), overlooking industries such as Brazil’s wine sector, where sustainability faces specific challenges due to high water and energy consumption, as well as the need for effective waste management (Bandinelli et al., 2020; Fragoso & Figueira, 2021; Trigo & Silva, 2022). Given these gaps, exploring how the use of EMA in the winery setting contributes to improved environmental performance becomes relevant for the literature, expanding knowledge about the use of EMA tools in an underexplored context. Based on the arguments presented, the following hypothesis is proposed:

H4. In the winery context, the use of EMA tools is positively associated with environmental performance.

2.4 Mediation role of adoption of sustainability practices and use of EMA tools

The wine sector is highly sensitive to and dependent on ecological aspects (such as climate, soil, and water), as a result, managers actively monitor environmental uncertainties, strategies, and new technologies to ensure that organizational performance is maintained. When environmental uncertainties arise, such as global warming caused by excessive greenhouse gas emissions, actions like the use of alternative energy sources and waste treatment can be crucial for improving environmental performance and reducing the environmental pressure of viticulture activities (Maletič et al., 2018; Sharma et al., 2017; Wang et al., 2018). Similarly, the development of sustainable products and processes can help operationalize sustainability-oriented strategies (Pondeville et al., 2013), and cleaner production practices are often the result of adopting technologies aimed at improving environmental performance (Hofmann et al., 2012; Morioka & Carvalho, 2016).Therefore, when practices are implemented in alignment with managers’ perceptions of contingent factors, the positive effect of these factors is amplified, and environmental performance is improved. This is because the practices are executed in accordance with the most strategic needs to address the threats or opportunities posed by the contextual factors. Based on this, the following research hypothesis is proposed:

H5. In the winery context, the associations between contingency factors, environmental uncertainties (a), environmental strategy (b), and technology (c) and environmental performance are positively mediated by the adoption of sustainability practices.

The relationship between contingent factors and environmental performance has been widely discussed in the literature, highlighting that elements such as environmental uncertainties, environmental strategy, and technological advancements can either drive or limit the effectiveness of sustainability practices (Christ, 2014; Latan et al., 2018; Zhen & Rahman, 2024). In the wine sector, the scarcity of natural resources, such as water and energy, requires stricter controls over consumption and environmental impacts (Gunarathne & Lee, 2021), while proactive strategies, such as environmental certifications, demand tools for monitoring and continuous improvement (Christ, 2014; Appannan et al., 2023). Furthermore, digitalization and the use of integrated systems enhance the traceability of emissions and waste, improving sustainable management (Elhossade et al., 2021; Zhen & Rahman, 2024).
Environmental Management Accounting (EMA) tools, in turn, play a central role in this context by providing essential environmental and financial metrics to assess and improve environmental performance (Christ & Burritt, 2013; Burritt et al., 2019). The adoption of EMA allows wineries to integrate environmental data into decision-making, assisting in regulatory compliance and optimizing resource use (Gunarathne et al., 2023; Schaltegger et al., 2022). However, although EMA is recognized for its ability to enhance organizational sustainability, its impact on environmental performance still depends on organizational and sectoral factors that condition its applicability and effectiveness (Gunarathne et al., 2023; Gerged et al., 2024).
Therefore, it is expected that contingent factors, such as environmental uncertainties, environmental strategy, and technology, will positively influence the environmental performance of wineries, with the use of EMA tools reinforcing the effect of these contingent factors on performance. This may occur because EMA provides firms with the necessary information to respond more efficiently to environmental and strategic pressures, ensuring better control over resource consumption and reducing environmental impacts. Therefore, the following hypothesis was developed:

H6. In the winery context, the associations between contingency factors, environmental uncertainties (a), environmental strategy (b), and technology (c) and environmental performance are positively mediated by the use of EMA tools.
Figure 1 presents the research conceptual model and the outlined hypotheses, which is underpinned by the literature on the intersection between contingency factors, design and use of sustainability practices and environmental performance. 

[Figure 1]

3 Research design and methods 
3.1 Population and sample
Brazil is recognized as a country with a strong wine tradition (Devesa-Rey et al., 2011; Mello & Machado, 2021). Globally, it ranks 17th in wine production and holds 3rd position in South America, accounting for approximately 1.2% of global production, with an average annual output of 330 million liters (Fensterseifer, 2007). In 2013, Brazil was ranked 14th globally, shifting to 15th in 2022 (OIV, 2023). To define the research population, we began with 24,322 establishments registered under the wine and beverage category. Of these, 6,257 were identified as producers of wine and grape-based derivatives. Narrowing further, 1,213 were classified specifically as wineries and wine producers, with 1,167 holding active registrations according to the Integrated System of Agricultural Products and Establishments (SIPEAGRO, 2023). The sample was selected through a non-probabilistic and purposive sampling approach, targeting managers with decision-making responsibilities in sustainability and environmental practices. This ensured that the respondents possessed the necessary knowledge to provide reliable and relevant insights for the study. An overview of the sample selection process is provided in Figure 2. 
The details of wineries, including email addresses and telephone numbers, was collected from websites associated with wine tourism, the wine industry, and producer associations. This process yielded 264 contacts. To validate the research instrument, two stage pre-tests were conducted. The first involved three academics specializing in the subject. After incorporating their suggested adjustments, the instrument was pre-tested with a winemaker to verify its clarity and suitability for interpretation by winery managers, for whom it was designed. Once the questionnaire was completed, a presentation letter introducing the research and a link to the online survey were sent to all available email addresses. In addition, a professional survey firm was hired to conduct follow-up calls and reinforce participation. The data collection occurred from May 2023 to July 2023, resulting in 179 responses, of which 8 were excluded, in which 6 due to duplicate responses and missing information and 2 because the firms were only grape juice producers.


[Figure 2]
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3.2 Measurement of variables
This study examined four key constructs, which are (i) contingency factors, (ii) adoption of sustainability practices, (iii) the use of environmental management accounting (EMA) tools, and (iv) environmental performance. Additionally, managers and firms’ characteristics were also collected.
Contingency factors were operationalized through three factors. Environmental uncertainty was measured by seven items assessing its influence on sustainability initiatives (Latan et al., 2018; Pondeville et al., 2013), using a 5-point Likert scale (1 = no influence to 5 = very strong influence). Environmental strategy was captured by six items reflecting strategic orientations toward sustainability (Christ & Burritt, 2013b; Pondeville et al., 2013), measured on a 5-point Likert scale (1 = completely disagree to 5 = completely agree). Technology adoption as a contingency factor was assessed with four items, evaluating its role in shaping internal decision-making processes (Agi & Nishant, 2017; Hofmann et al., 2012; Sharma et al., 2017), also on a 5-point Likert scale (1 = completely disagree to 5 = completely agree).
Adoption of sustainability practices were measured following Sharma et al. (2017), comprising 28 items that capture the design and implementation of environmental initiatives, rated on a 5-point Likert scale (1 = completely disagree to 5 = completely agree). Furthermore, EMA tool was assessed with eight items adapted from Christ and Burritt (2013b) and Qian et al. (2018), measuring the extent of use this organizational practice, on a 5-point Likert scale (1 = not used at all to 5 = used extensively).
Environmental performance was evaluated through 11 items reflecting respondents’ perceptions of outcomes related to emissions reduction, waste management, regulatory compliance, crisis mitigation, reputational improvements and resource efficiency (Abdallah & Al-Ghwayeen, 2020; Latan et al., 2018; Maletič et al., 2018; Wang, 2018). Items were rated on a 5-point Likert scale (1 = low to 5 = high).
Additional variables, including financial and non-financial performance, were measured based on prior sustainability and management research (Abdallah & Al-Ghwayeen, 2020; Latan et al., 2018; Maletič et al., 2018; Sharma et al., 2017). Furthermore, five items captured respondent demographic profiles, and eight items assessed organizational characteristics. 

3.3 Data Analysis Procedures
For data analysis structural equation modeling based on partial least squares (PLS) was applied. This analysis technique enables the examination of relationships between predictor and outcome variables through path analysis, which establishes multiple regressions (Hair et al., 2016). The constructs were subjected to rigorous evaluation to verify the validity and reliability of their respective items. The first stage involved the measurement model, where the PLS algorithm was applied using 300 iterations. At this stage, three key criteria were thoroughly assessed: (i) reliability, (ii) convergent validity, and (iii) discriminant validity (Hair et al., 2016), as outlined in Table 1.
The second stage focused on the structural model, using 5,000 resamples with the bootstrapping technique, which is essential for assessing the strength of hypothesized relationships through path analysis. Path analysis accounts for error terms and accommodates relatively small sample sizes for PLS estimation (Hair et al., 2016). The constructs were modeled as reflective, assuming a certain degree of correlation among the items within each construct.
Regarding the descriptive statistics, the majority of respondents were male (64%), aged between 41 and 60 years (68%), and had completed higher education (90%), with 34% holding graduate degrees. The most common roles were partner-owner (32%), winemaker (24%), and manager (15%), suggesting that many wineries are family-owned. Over half of the respondents (53%) reported working in their organization for more than ten years.
Most wineries are located in the southern region of Brazil (79%), with 88% cultivating grapes and 72% producing wine primarily from conventional grapes. This contrasts with the European wine market, which is more advanced in organic and biodynamic production. For example, studies suggested that 48.4% of Italian wineries hold organic production labels and 12.5% biodynamic certifications (Steur et al., 2020); 48% of Greek wineries use organic grape-growing methods and 15% produce both organic and natural wines (Karagiannis & Metaxas, 2020); and 45% of Spanish wineries offer organic, biodynamic, or natural wines (Fuentes-Fernández et al., 2022). These indicate the need for sector-specific strategies and public policy incentives to promote agricultural techniques that support organic and biodynamic grape cultivation. Such initiatives would contribute to the preservation of water, soil, animal, and plant resources, respond to consumer demand for environmentally and food safety-conscious products, and foster competitive differentiation in both national and international markets.


4 Results 
[bookmark: _heading=h.1fob9te]4.1 Measurement model
[bookmark: _heading=h.3znysh7]We assessed construct validity and reliability using the partial least squares (PLS) algorithm, following the guidelines of Hair et al. (2016). The measurement model tests whether items validly and reliably capture their underlying constructs by examining three criteria: (1) item consistency via factor loadings (threshold ≥ 0.40); (2) convergent validity via average variance extracted (AVE ≥ 0.50); and (3) reliability through Cronbach’s alpha, composite reliability, and rho_A. To improve model fit, we excluded a few items with loadings below the recommended cutoff, consistent with established practice. All remaining constructs demonstrated acceptable reliability, with Cronbach’s alpha values exceeding 0.70 (See table 1). Notably, Environmental Sustainability Practices, Use of EMA, and Environmental Uncertainty showed high internal consistency (α > 0.90). Composite reliability and rho_A coefficients further confirmed construct reliability.
Regarding the validity, convergent validity was supported, as all AVEs surpassed the 0.50 threshold. Overall, these indicators confirm that the constructs are both theoretically grounded and empirically robust. Discriminant validity was evaluated using the Fornell-Larcker criterion. This indicate that each construct is empirically distinct from the others. The proposed model is robust, as the independent variables explain more than 50% of the consequent variables. The “Environmental performance” construct, which is the dependent variable, presents an adjusted R2 greater than 60%, as well as the EMA use construct, while the construct adoption of sustainability practices presents an adjusted R2 greater than 70%. This data demonstrates that the proposed model is not only supported by the literature but also supports the empirical evidence previously highlighted.

[Table 1]
4.2 Structural Model
[bookmark: _heading=h.2et92p0]The bootstrapping technique was used with 5,000 sub-samples and a confidence interval at the 10% level. The results of the structural model are presented in Table 2. In this study we predict the association between contingency factors and adoption of sustainability practices and the use of EMA tools. The results support the study’s first hypothesis, which posited a positive relationship between contingency factors and the adoption of sustainability practices in wineries. Specifically, (H1a) environmental uncertainty positively influences the adoption of sustainability practices (B = 0.587; p < 0.01); (H1b) environmental strategy positively influences the adoption of sustainability practices (B = 0.130; p < 0.05); and (H1c) technology positively influences the adoption of sustainability practices (B = 0.255; p < 0.01). These effects confirm H1 and are consistent with literature suggesting that contingency factors influence organizational structures (Chenhall, 2003) and that organizational practices are shaped by the context in which firms operate (Christ and Burritt, 2013b). This reinforces the view that contingency factors affect the adoption of sustainability practices (Abdel-Maksoud et al., 2016; Agi & Nishant, 2017; Maletič et al., 2018).
The results also show that contingency factors influence the use of EMA tools. Specifically, (H2a) environmental uncertainty leads to greater use of EMA tools in wineries (B = 0.373; p < 0.01); (H2b) environmental strategy positively impacts the use of EMA tools (B = 0.307; p < 0.01); and (H2c) technology positively influences the use of EMA tools (B = 0.258; p < 0.01). These findings largely support H2 and align with prior management accounting literature that links contingency factors to the use of management control systems (Chenhall, 2003; Chenhall, 2006), as well as to the adoption of environmental management accounting tools. In high-uncertainty environments, access to information helps managers improve decision-making and seek solutions to reduce environmental impact (Latan et al., 2018). Moreover, as organizations adopt proactive environmental strategies in response to environmental challenges, they tend to utilize EMA tools that support sustainability-related objectives (Christ & Burritt, 2013b; Christ, 2014; Latan et al., 2018; Gunarathne et al., 2023).
To examine how adoption of sustainability practices and the use of EMA tools translate organizational intentions into effective sustainability outcomes, leading to rational use of natural resources, the third hypothesis (H3) was tested. It posited that the adoption of sustainability practices positively influences environmental performance in wineries. This hypothesis was supported (B = 0.692; p < 0.01). However, H4, which proposed that the use of EMA tools positively influences environmental performance (B = 0.108; p > 0.10), was not supported.
To further the analysis, mediation effects were tested to evaluate whether the adoption of sustainability practices mediates the relationship between contingency factors and environmental performance. The results confirm that (H5a) environmental uncertainty (B = 0.406; p < 0.01), (H5b) environmental strategy (B = 0.090; p < 0.05), and (H5c) technology (B = 0.177; p < 0.01) positively influence environmental performance through the adoption of sustainability practices. In contrast, H6 was not supported, as there was no significant mediation effect in the relationship between contingency factors and environmental performance via the use of EMA tools.

[Table 2]

4.3 Robustness Analysis
[bookmark: _heading=h.tyjcwt]For an additional analysis, the effects of contingency factors, the adoption of sustainability practices, and the use of EMA tools on financial and non-financial performance were explored. Regarding financial performance, the results shown in table 3 are noteworthy, as they reveal that the adoption of sustainability practices positively influences financial performance in wineries (B = 0.587; p < 0.01), and the use of EMA tools also positively impacts financial performance (B = 0.213; p < 0.05). Concerning the analysis of contingency factors and their impact on organizational outcomes, the robustness analysis shows that environmental uncertainty (B = 0.348; p < 0.01), environmental strategy (B = 0.074; p < 0.05), and technology (B = 0.149; p < 0.01) have positive effects on financial performance, when mediated by the adoption of sustainability practices. Additionally, we observed that the use of EMA tools positively mediates the effects of environmental uncertainty (B = 0.078; p < 0.05), environmental strategy (B = 0.066; p < 0.05), and technology (B = 0.055; p < 0.05) on financial performance, unlike in the main analysis (Model 1), where the mediating role of EMA was not supported. Thus, we infer that when predicting financial performance, the use of EMA is essential and considered useful, as shown in Table 3.
The results also demonstrate that the adoption of sustainability practices has a positive impact on non-financial performance (B = 0.370; p < 0.01), and the use of EMA tools likewise positively influences non-financial performance in wineries (B = 0.433; p < 0.01). Furthermore, the results show that environmental uncertainty (B = 0.216; p < 0.01), environmental strategy (B = 0.048; p < 0.05), and technology (B = 0.096; p < 0.01) positively influence non-financial performance through adoption of sustainability practices. The use of EMA tools also facilitates the impact of environmental uncertainty (B = 0.154; p < 0.05), environmental strategy (B = 0.137; p < 0.01), and technology (B = 0.114; p < 0.05) on non-financial performance. Overall, this research supports the prediction of a positive impact of contingency factors on organizational outcomes (both financial and non-financial) through the adoption of sustainability practices and the use of EMA tools.

[Table 3]


5 Discussion 
5.1. Contingent Factors, adoption of Sustainability Practices and Use of EMA tools
The existing literature has explored the relationship between contingent factors and the adoption of sustainability practices. Previous studies (e.g., Christ & Burritt, 2013b; Maletič et al., 2018; Elhossade et al., 2021) have shown that stakeholder pressure, environmental uncertainties, and environmental strategy influence the implementation of sustainability practices. However, these studies have focused on purchasing strategies and difficulties in predicting demand and competition. Moreover, they examined other contexts, such as the USA, New Zealand, Italy, and Portugal, highlighting the influence of regulations, sector proactivity, and product quality as key drivers of sustainability practice adoption. Our study advances this literature by showing that, in the wine sector, the association between contingent factors and the adoption of sustainability practices is essential to achieving sustainable objectives. Specifically, we demonstrate that environmental uncertainties promote the implementation of sustainability practices involving product design, internal environmental management, and purchasing and supplier selection among other, as managers may feel compelled to meet customer demands or adopt new practices that enable wineries to adapt to changes. We also show that environmental strategy, such as integrating environmental issues into goals, reward systems focused on ecological matters, environmental investments, quality management, and new product development, supports the adoption of more sustainable practices. Finally, we illustrate that technology plays a crucial role in designing sustainability practices, as it facilitates cleaner production processes, product traceability, and the development of information systems for environmental management.
Our study contributes to the literature by expanding the understanding of these factors within the Brazilian wine sector. Managers reported that the low adoption of organic and biodynamic grape cultivation, along with other less sustainable practices, may undermine the sustainability behavior of Brazilian wineries. These is aligned with prior studies (Baird et al., 2018; Gázquez-Abad et al., 2015; Steur et al., 2020; Trigo & Silva, 2022), which identify financial constraints, lack of government support, and low consumer willingness to pay more for ecological wines as recurring barriers. Thus, this study broadens the discussion on sustainability by demonstrating that, to promote the adoption of sustainable practices in wineries, it is essential to integrate environmental strategies, leverage technology to improve environmental management, and remain mindful uncertainties in the industry. 
On the other hand, our results distinguish the design approach to sustainability practices from the use of environmental management accounting (EMA) tools. We show that contingent factors also positively impact the use of EMA tools in wineries. We contend that environmental uncertainties, such as the scarcity of natural resources, lead to greater use of EMA tools in wineries. This evidence aligns with previous studies suggesting that such uncertainties require greater control of resource consumption to mitigate risks and avoid penalties (Christ, 2014; Gunarathne & Lee, 2021; Zhen and Rahman, 2024), as well as to meet stakeholder pressures (Elhossade et al., 2021). Thus, firms facing environmental challenges seek precise information to improve their decisions and reduce negative impacts (Latan et al., 2018). Moreover, we illustrate that environmental strategy is essential for wineries to increase the extent of EMA tool use at both the operational and strategic levels. This is consistent with prior literature arguing that organizations with clear environmental strategies require tools to assist in sustainability management (Christ, 2014; Appannan et al., 2023; Gunarathne et al., 2023). This reinforces the argument that companies committed to sustainable strategies adopt management systems to monitor and optimize the use of natural resources (Christ & Burritt, 2013b; Appannan et al., 2023).
Finally, we suggest that reliance on technology leads to greater use of EMA tools because technological advancements enable more efficient environmental management by providing real-time indicators that improve decision-making (Elhossade et al., 2021; Zhen & Rahman, 2024). For example, digitalization and integrated systems facilitate emission traceability and resource consumption monitoring, promoting more accurate and effective environmental impact management. Despite these convergences, some studies suggest that the use of EMA tools may be limited in sectors with low regulatory pressure or where managers’ perceptions of environmental benefits remain underdeveloped (Zhen & Rahman, 2024). However, our findings reinforce that, in the wine sector, the use of EMA is driven by contingent factors.
Thus, this study contributes to the EMA literature by highlighting specific factors that increase its use in the winery context. By addressing how environmental uncertainties, environmental strategies, and technological advancements impact environmental management in this sector, we expand the understanding of the mechanisms that drive sustainability in this setting and emphasize the relevance of EMA for continuous improvement in natural resource management.

5.2. Adoption of Sustainability Practices, use of EMA tools and Environmental performance

Consistent with previous literature (Maletič et al., 2018; Abdallah & Al-Ghwayeen, 2020), our study shows that sustainability practices lead to improvements in wineries’ environmental performance. We contend that the adoption of these practices contributes to the prevention and mitigation of environmental crises, reduced consumption of natural resources, waste minimization, and increased recycling rates. Additionally, our robustness analysis confirms that the implementation of sustainability practices also influences financial and non-financial performance, aligning with previous studies that highlight the impact of these practices on enhancing corporate image and consumer satisfaction (Raut et al., 2019; Sharma et al., 2017). Thus, our findings reinforce existing findings and suggest that wineries adjust their practices according to the conditions they face. 
Contrary to our initial expectations, we were unable to demonstrate that EMA tools (e.g., product life cycle analysis, integrated performance panels, inventory analysis) have a positive impact on environmental performance in the wine sector. Moreover, this study did not find evidence that EMA mediates the relationship between contingency factors and environmental performance.  Although prior studies have stated that EMA tools play a crucial role in promoting sustainability in the wine sector (Christ, 2014), supporting decision-making and control (Gunarathne et al., 2023), and assisting in regulatory compliance and environmental legitimacy (Swalih et al., 2024), factors such as the complexity and high cost of EMA tools (Hyvönen, 2007), as well as the tension between their long-term benefits and managers’ focus on immediate returns (Elhossade et al., 2021), may have led to the unexpected results. Our findings suggest that the Brazilian wine sector diverges from other industries in its use of EMA tools, which appears to lead more to economic results rather than environmental performance. As argued by Appannan et al. (2023), EMA serves to mobilize strategic resources toward achieving organizational objectives, our analysis indicates that Brazilian wineries EMA tend to prioritize financial and non-financial outcomes over environmental concerns. This pattern may reflect the dynamics observed by Gunarathne et al. (2023), who found that a focus on short-term gains often impedes investment in long-term environmental performance. The cost–benefit relationship of EMA typically unfolds over the long term (Elhossade et al., 2021), which may lead managers to favor tools that support short-term decision-making in the pursuit of social legitimacy (Swalih et al., 2024). Consequently, firms may prioritize short-term actions to meet immediate operational demands, such as delivery schedules, incremental improvements in product quality, or short-term financial performance (Gunarathne & Lee, 2021). When financial resources are limited, EMA tends to be used restrictively, focusing on immediate returns, suggesting that EMA is employed merely for compliance and at a preventive stage. Additionally, the lack of integration between accounting and other departments responsible for collecting environmental information hinders the full utilization of EMA tools. For example, environmental budgeting and performance evaluation may be underutilized, which could explain the reduced effectiveness of these tools (Gunarathne & Lee, 2021). We recommend that managers use EMA in a flexible manner, avoiding an overly rigid approach that focuses solely on financial performance at the expense of environmental sustainability in the short term.

6 Conclusion 

This research aimed to analyze the influence of contingency factors on adoption of sustainability practices and the use of EMA tools to improve environmental performance in the context of wine sector. Based on a survey of 171 wineries and the use of structural equation modeling, the results support the literature grounded in Contingency Theory, showing that external factors (environmental uncertainties) and internal factors (environmental strategy and technology) influence the adoption of sustainability practices and the use of EMA tools in wineries.

6.1. Theoretical Implications
The results of our study add to previous literature (Christ & Burritt, 2013b; Gunarathne & Lee, 2021) by demonstrating the extent to which contingent factors influence the adoption of sustainability practices in wineries. We specifically addressed three elements (uncertainties, technologies, and strategies) and illustrated that these factors drive winery managers to adopt sustainable practices. Thus, we show that environmental uncertainties pose significant challenges to winery firms, requiring responsible responses to mitigate environmental impacts. With respect to environmental strategy, we highlight the importance of this factor in translating wineries’ values and mission into concrete sustainability actions, thereby motivating investments in environmental improvements. This finding contributes to prior research on the role of strategy in the development of sustainability KPIs (Pondeville et al., 2013). Our evidence also demonstrates that technology, as a contingency factor, supports environmental management by enabling more efficient production processes and enhancing the control of resources and environmental information, aligning with prior discussions (Hofmann et al., 2012; Agi & Nishant, 2017; Sharma et al., 2017). Together, these findings suggest that the adoption of sustainability practices is not an isolated managerial choice but rather a contingent response to internal and external factors that shape environmental management in the wine sector.
Moreover, this study demonstrate that contingency factors shape the use of Environmental Management Accounting (EMA) tools, aligning with prior research in management accounting (Christ & Burritt, 2013a; Christ, 2014; Appannan, 2022; Martínez-Falcó et al., 2025). We extend this literature by demonstrating that, beyond the alignment of EMA with winery strategies, the salience of environmental uncertainty and the adoption technologies significantly influence EMA use in the wine sector. Our findings further reveal that Brazilian wineries often mobilize EMA primarily in pursuit of financial objectives, subordinating environmental targets. This selective use of EMA shows its framing as a cost-saving device rather than as a comprehensive tool for environmental stewardship, thereby constraining its potential to short-term outcomes.
These insights contribute to the management accounting literature by problematizing the instrumental use of EMA and highlighting the tensions between economic rationality and environmental responsibility. We bring attention to the trade-offs managers navigate between short- and long-term sustainability goals and argue that reconciling these temporal orientations is critical to enhancing the design and effectiveness of environmental management controls (Monteiro et al., 2025). In doing so, this study deepens our understanding of how sustainability practices, shaped by contingency factors, affect the environmental, financial, and non-financial performance of firms operating in environmental sensitive industries such as winery.

6.2. Practical Implications
This study offers several practical implications for practitioners, particularly winery managers. First, our findings highlight the importance of proactively responding to stakeholder pressures (such as those exerted by customers, suppliers, competitors, communities, NGOs, and regulatory bodies), as well as broader environmental uncertainties, including climate change and water scarcity. In this context, managers are encouraged to identify and leverage technological opportunities and to align sustainability efforts with organizational strategy. Practical actions might include reducing the use of chemical inputs (e.g., pesticides, fungicides, and herbicides) through ecological technologies, implementing water-efficient production processes, investing in alternative energy sources to lower consumption, and advancing waste management initiatives. Second, the findings suggest that managers may benefit from reframing environmental management accounting (EMA) tools as strategic enablers of both environmental and financial performance. Although sustainable practices are increasingly adopted, there is limited recognition of the potential for EMA tools to enhance decision quality and operational alignment. In many cases, the underutilization of EMA stems from a misfit between tool complexity and organizational capacity, particularly among small- and medium-sized wineries. This gap highlights the need for sector-specific adaptations that align tool design with managerial needs and resource constraints. Third, the study points to the broader necessity of fostering organizational awareness and dialogue about the climate change and resource scarcity. These environmental pressures not only threaten viticultural viability but also have cascading effects on tourism, employment, income generation, and the long-term sustainability of firms in the wine sector. Creating spaces for such strategic discussion may enable managers to anticipate disruptions and craft more resilient, future-oriented sustainability strategies.

6.3. Limitations and Future Research
This paper has some limitations. First, although this study contributes to the existing literature by emphasizing the need for more empirical evidence regarding EMA and performance, our results reflect the perceptions of Brazilian winery managers. Brazil is a country with relatively low representation in the international wine market, specific local legislation and a relatively recent tradition of wine consumption. These factors suggest that the results should be interpreted with caution when generalizing to other contexts. Future research could further investigate the use of EMA in countries where wine culture plays a more prominent role in economic development and where environmental challenges differ. Second, although we demonstrated a strong relationship between contingent factors, management tools and performance, there are specific nuances that could be more deeply explored within the complex and dynamic contexts of sustainability, particularly in times of uncertainty and rapid technological transformation. Furthermore, there is scope for future research to further explore the impact of digital transformation in the winery sector. Also, more empirical studies are needed to promote the use of EMA tools beyond transparency and accountability purposes, aiming to expand understanding in this area. EMA provides opportunities for measurement, control, and the provision of information that can improve environmental management.
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					Figure 1 Conceptual model.
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Figure 2. Sample selection
Source: Prepared by the authors (2025).


Table 1 – Measurement model
	Panel A - Reliability and convergent validity

	Constructs
	
	rho_a
	CR
	AVE

	1.Environmental uncertainties
	
	0.927
	0.932
	0.667

	2.Environmental strategy
	
	0.819
	0.860
	0.552

	3.Technology
	
	0.861
	0.877
	0.643

	4.Adoption of sustainability practices
	
	0.950
	0.948
	0.511

	[bookmark: _heading=h.z337ya]5.EMA tools
	
	0.938
	0.938
	0.655

	6.Environmental performance
	
	0.853
	0.879
	0.551


[bookmark: _heading=h.4d34og8]Panel B - Discriminant validity
	Constructs
	1
	2
	3
	4
	5
	6

	1. Environmental uncertainties
	0.913
	
	
	
	
	

	2. Environmental strategy
	0.563
	0.803
	
	
	
	

	3. Technology
	0.645
	0.594
	0.815
	
	
	

	4. Adoption of sustainability practices
	0.825
	0.612
	0.711
	0.941
	
	

	5. EMA tools
	0.713
	0.671
	0.681
	0.806
	0.925
	

	6. Environmental performance
	0.650
	0.502
	0.540
	0.779
	0.665
	0.832


[bookmark: _heading=h.2s8eyo1]Panel C - Explanatory power of the model
	Constructs
	R-square
	R-square adjusted

	Adoption of sustainability practices
	0.745
	0.741

	EMA tools
	0.648
	0.642

	Environmental performance
	0.611
	0.606


Note: R2 = R square; bold values presented diagonally represent cronbach's Alpha. CR= composite reliability, and AVE= average variance extracted
[bookmark: _heading=h.17dp8vu]

Table 2 – Structural model
	Direct effects
	
	
	

	
	B
	T-stat
	P-values

	Environmental uncertainties  Adoption of sustainability practices
	0.587
	10.193
	0.000***

	Environmental strategy  Adoption of sustainability practices
	0.130
	2.57
	0.010***

	Technology  Adoption of sustainability practices
	0.255
	3.778
	0.000***

	Environmental uncertainties  EMA tools
	0.373
	5.467
	0.000***

	Environmental strategy  EMA tools
	0.307
	4.07
	0.000***

	Technology  EMA Tools
	0.258
	2.957
	0.003***

	Adoption of sustainability practices  Environmental performance
	0.692
	7.881
	0.000***

	EMA Tools Environmental performance
	0.108
	0.991
	0.322

	
	
	
	

	Indirect effects
	
	
	

	
	B
	T-stat
	P-values

	Environmental uncertainties Adoption of sustainability practices Environmental performance
	0.406
	5.946
	0.000***

	Environmental strategy  Adoption of sustainability practices  Environmental performance
	0.090
	2.408
	0.016**

	Technology  Adoption of sustainability practices  Environmental performance
	0.177
	3.514
	0.000***

	Environmental uncertainties  EMA tools  Environmental performance
	0.040
	0.957
	0.338

	Environmental StrategyEMA Tools Environmental performance
	0.033
	0.938
	0.348

	Technology  EMA Tools  Environmental performance
	0.028
	0.917
	0.359


Note: *** indicates 1% significance; ** indicates 5% significance; * indicates 10% significance.
[bookmark: _heading=h.3rdcrjn]

[bookmark: _heading=h.26in1rg]Table 3 – Financial and Non-Financial Performance Analysis
	Panel A: model 2- Analysis of financial performance
	
	
	

	
	B
	T-value
	P values

	Direct effect

	Adoption of sustainability practices  Financial performance
	0.587
	7.721
	0.000***

	EMA Tools  Financial Performance
	0.213
	2.495
	0.013**

	Indirect effect

	Environmental uncertainties Adoption of sustainability practicesFinancial performance
	0.348
	6.163
	0.000***

	Environmental strategy  Adoption of sustainability practices  Financial performance
	0.074
	2.402
	0.016**

	Technology  Adoption of sustainability practices  Financial performance
	0.149
	3.348
	0.001***

	Environmental uncertainties EMA tools  Financial performance
	0.078
	2.058
	0.040**

	Environmental strategy  EMA tools  Financial performance
	0.066
	2.037
	0.042**

	Technology  EMA tools  Financial performance
	0.055
	2.118
	0.034**

	Panel B: model3- Analysis of non-financial performance

	
	B
	T-value
	P values

	Direct effect

	Adoption of sustainability practices  Non-financial performance
	0.370
	4.223
	0.000***

	Use of EMA  Non-financial performance
	0.433
	4.541
	0.000***

	Indirect effect

	Environmental uncertaintiesAdoption of sustainability practices  Non-financial performance
	0.216
	4.023
	0.000***

	Environmental strategyAdoption of sustainability practices  Non-financial performance
	0.048
	2.068
	0.039**

	Technology  Adoption of sustainability practices  Non-financial performance
	0.096
	2.769
	0.006***

	Environmental uncertainties EMA tools  Non-financial performance
	0.154
	3.575
	0.000***

	Environmental strategy  EMA tools Non-financial performance
	0.137
	3.078
	0.002***

	TechnologyEMA Tools Non-Financial Performance
	0.114
	2.337
	0.019**


Note: *** indicates 1% significance; ** indicates 5% significance; * indicates 10% significance.
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