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Abstract: The present study aims to make a contribution to the analysis of costs and benefits
of adopting sustainable practices. The paper reports the results of an exploratory study into
wineries’ perceived mix of economic costs and benefits and environmental benefits provided by
participating in the Certified California Sustainable Winegrowing scheme. A total of 14 wineries,
representing more than 50% of the entire wine production of California certified wine (and 25%
of all certified wineries), participated in the study. Based on the information detected through
face-to-face semi-structured interviews with winery managers and owners, performing a descriptive
analysis and a logit model, we reveal that overall economic benefits, resulting from the sustainable
practices introduced by the certification scheme, outweigh the additional costs. In particular, older
wineries (>15 years) and those located in Sonoma Valley or onmultiple sites are more keen to
assign a positive economic viability tosustainable practices. Furthermore, sustainable vineyard
practices are highly rated by respondents in terms of both perceived environmental and economic
benefits. Outcomes should foster similar studies exploring other specific sustainability programs
and certification schemes, and eventually encourage cross-cultural investigations.

Keywords: wine industry; sustainable practices; Certified California Sustainable Winegrowing
scheme; economic costs and benefits

1. Introduction

Sustainability is generally referred to as the triple bottom line as it involves the integration of
environmental and social responsibilities with economic goals to create value for a company as well
as for society [1]. The winegrowing sector has a long history of commitment to promoting a more
sustainable development and several initiatives are underway worldwide. First, it is worth making
a reference to the International Organisation of Vine and Wine (OIV) definition, as an international
framework. Sustainable vitiviniculture is a “global strategy on the scale of the grape production
and processing systems, incorporating at the same time the economic sustainability of structures
and territories, producing quality products, considering requirements of precision in sustainable
viticulture, risks to the environment, products safety and consumer health and valuing of heritage,
historical, cultural, ecological and landscape aspects” [2]. The key idea is that the above-mentioned
triple bottom line should be promoted through the implementation of appropriate environmental
sustainability programs, and applied to production, transformation, warehousing, and packaging.

A number of ways of implementing sustainability in the wine industry have been developed
and used during the past 20 years, based on voluntary environmental and social standards
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andcertifications. Furthermore, many different sustainable winegrowing programs, developed
through collaborative efforts driven by national institutions and associations, arecurrently underway
in so-called New World wine-producing countries (Australia, New Zealand, South Africa, USA, and
recently Chile). Whereas the initiatives carried out in the core European producing countries, on the
other hand, primarily concern single winegrowing areas or limited groups of winegrowers [3,4].

Two recent literature reviews [5,6] have highlighted that several authors have analyzed the
drivers that could explain voluntary adoption of sustainable practices, focusing on the cost and the
benefits perceived by producers.

Nowadays, there seems to be a broad consensus that internal drivers play a much larger role
than external motivations. Indeed, managerial attitudes, concern about environmental impacts and
employee safety, company culture, protection of land, and social responsibility appear to be the key
drivers for sustainability [7–9]. Among the many external drivers, the most cited by researchers
are: compliance with regulations, especially pre-emption of future regulations, core requirements for
export (especially in the more export-oriented countries, such as New Zealand and South Africa), and
pressure from large retailers.

While taking into account the evaluation of the benefits and costs of embracing sustainable
practices, the empirical evidence is quite conflicting. Ideally, sustainable practices provide environmental
and social benefits, and should at the same time reduce input costs and increase economic
returns to producers. However, previous research from the wine industry reports mixed results
in terms of the costs and benefits relating to the adoption of sustainable practices (e.g., [10]). Some
research has highlighted, among the main benefits, an enhanced reputation, image, and working
environment [11–13], improved product quality [8], lower legal and regulatory risks, and greater
operational efficiency. In addition, for wineries that have implemented a formal environmental
management system, cost benefits deriving from supply chain optimization [14] have also been
identified. Overall, economic and marketing benefits, in terms of price and loyalty, are actually
constrained mainly by low consumer knowledge about sustainable wine and its logos [13,15,16].
Nevertheless, some recent research reports increasing consumer interest in environmentally friendly
or socially responsible wines [17–22].

Moreover, other potential barriers to the adoption of sustainable practices have been identified,
namely high costs and an administrative burden related to the certification process and the lack of
knowledge/information/skills [23,24]. In particular, while there are some sustainable practices for
which winegrowers have enough information and clearly state that the economic benefits exceed the
costs, for others they perceive a high level of uncertainty about their effectiveness and benefits. Thus,
to promote a greater spread of sustainable practices among winemakers, it is a priority to bridge
the still substantial knowledge gaps in terms of perceived environmental benefits, economic benefits,
and costs.

While there is a growing body of research examining the profitability of wine businesses
engaging in sustainable development, to the best of our knowledge, no study has specifically focused
on the members of a specific certification program.

In this context, the present study aims to make a contribution to the analysis of costs and
benefits of adopting sustainable practices. In particular, the paper explores wineries’ perceived mix
of economic costs and benefits and environmental benefits derived from participating in the Certified
California Sustainable Winegrowing (CCSW) scheme. This group of firms has been chosen because
the CCSW scheme is recognized worldwide as being the pioneer in wine sustainability and the focus
on education and training of producers as part of their continuous improvement is a main strength
of this program [25].

2. Certified California Sustainable Winegrowing Scheme

California’s wine industry (the wineries of which account, on average, for 90% of the total US
wine production and acreage) has made extensive progress since the Wine Institute’s initial work on
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its sustainability code back in 2002. This progress fostered, in 2003, the establishment of the California
Sustainable Winegrowing Alliance (CSWA—a non-profit organization), a collaboration between the
Wine Institute and the California Association of Winegrape Growers (CAWG). The Sustainable
Winegrowing Program is designed to stimulate a “cycle of continuous improvement” among
growers and vintners by enabling them to evaluate their operations, learn about new approaches
and innovations, develop action plans for improvements, and implement changes to increase
their adoption of sustainable practices. The CSWA, drawing on previous experiences, based on
voluntary initiatives by firms, local communities, and by national trade associations, such as
the Lodi Winegrape Commission, the Central Coast Vineyard Team, and the Napa Valley Grape
Growers Association [25], introduced Certified California Sustainable Winegrowingin 2010. Certified
California Sustainable Winegrowing is a voluntary, third-party certification program for California
vineyards and wineries that is based on the California Code of Sustainable Winegrowing Workbook.
In brief, the main requirements for the certification are: (1) an annual self-assessment on the
138 vineyard and 103 winery best practices using the California Code of Sustainable Winegrowing
Workbook (during a regularly scheduled third-party audit); (2) embracing all prerequisite criteria
(50 vineyard prerequisites and 32 winery prerequisites) by scoring 2 or higher for each specific
criteria; (3) demonstration of a process for identifying the key sustainability issues for the company,
prioritizing areas for improvement, and establishing action plans that are implemented and updated
every year; (4) the ability to demonstrate practices that maintain or improve Sustainable Winegrowing
Program (SWP) criteria and methods to correct any items identified internally or by an auditor
as inconsistent with SWP self-assessment categories; (5) demonstration ofcontinuous improvement
over time.

Currently, the total acres of CCSW-certified vineyards represent around 12% of the entire
California wine acreage, and 212 million wine cases are produced by CCSW-certified wineries
(around 50% of all the cases produced in California).

3. Materials and Methods

3.1. Constructs and Sources

Given the limited secondary data available to satisfy the research objectives, primary data
collection was required. Data were collected on the opinions, views, and perceptions of wineries
(and, where available, supporting secondary data) regarding the costs and benefits of their current
sustainability practices and programs implemented to achieve the certification standards. After
conducting a systematic review of the relevant literature, and a discussion with managers of the
CSWA and the Wine Institute (who can be considered key informants), the main findings were
used as the basis for face-to-face semi-structured interviews with certified winery representatives.
Direct interviews were preferred to a questionnaire to allow the collection of both qualitative and
quantitative data and to permit the researcher to personally observe the sustainability efforts of
interviewees. Final items were drawn and adapted from Lubell and colleagues [23] for sustainable
vineyard practices, and from Marshall et al. [7,10] and Szolnoki [26] for general sustainability
information. Together with key informants, a common understanding was found on how sustainability
practices impact the cost structure and value of the supply and, consequently, how costs and benefits
can occur. Consensus was established around the idea that fixed costs usually increase (as technical
investments, information acquisition, new procedure implementation and monitoring systems)
while variable costs are expected to decrease, and that potential competitive advantages (in terms of
product pricing) may occur. Such a pattern was therefore proposed to interviewees when they were
requested to provide an overall costs/benefits assessment of the adoption of sustainable practices.
Moreover, together with key informants and on the basisof relevant literature, the complex set
of critical activities for sustainability was classified in 11 core categories of sustainable practices.
For the vineyards the eight final categories were: pest management, disease management, weed
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management, water management, soil management, vine management, alternative energy, and
business management. For the wineries the three categories were: recycling practices, reducing
practices and planning, and monitoring goals and results.

3.2. Questionnaire Structure

The questionnaire was pretested with the advice of agribusiness professionals and local
academics in June 2013. Several adjustments were made to some questions to increase clarity
and understanding. The final questionnaire used for face-to-face semi-structured interviews was
composed by 35 questions (open-ended and close-ended), grouped in four sections. The first section,
named winery descriptive information, included 6 questions collecting data on annual production,
turnover, export, the price range of wines, and the age of winery. The second group of questions
analyzed general sustainability information (adapted from Szolnoki [26] and Marshall et al. [7,10]);
specifically, 5 questions regarding sustainability views of interviewee, sustainability-related data
collection and processing, and motivations to participate in the CCSW were gathered. These
questions were all open-ended to allow participants to freely express themselves, exceptfor one that
adopted a Likert scale (agreement ranging from 1 to 7, with endpoints 1 = strongly disagree and
7 = strongly agree). The third section included 15 questions, defined as sustainability practices
impact, which investigated the interviewee’s perception of specific sustainability practices in terms
of costs and benefits (adapted from Lubell et al. [23]). To achieve reliable information, these questions
were all close-ended and the order was randomized. For each practice, the interviewee was asked
to rate the related economic benefits, economic costs, and environmental benefits on a scale from
1 to 9 (from low to high). Reversed items were also used to minimize the potential for response bias.
The general assessment of economic benefits versus economic costs of sustainability practices in the
vineyard, in the winery, and overall was collected with dichotomous questions (i.e., overall economic
benefits of sustainability practices introduced in the vineyard overweigh economic costs?). The fourth
section of the questionnaire, on CCSW certification overall perception, included nine items in which
participants were asked to rate overall effects of CCSW certification on wine quality and vineyard
health (the scale ranged from ´3 = very negative to +3 = very positive, with 0 = no effect). The
“Do not know” responses were common and were recorded as missing values rather than as singular
scores as they did not follow the logical sequence of the responses. For a complete overview of the
questionnaire-building process and rationale, please see Vecchio [27].

3.3. Sample

Fromthe wineries participating in the CCSW scheme, 54 in all were invited to participate in the
survey. After initial contact by mail and phone, appointments were made with wineries that agreed to
participate. Over an approximate two-month period (July–August 2013) one of the authors conducted
a total of 14interviews with key managers or owners. A total of 14 wineries, representing more than
50% of the entire wine production of California certified wine (and 25% of all certified wineries),
participated in the study. Care was taken to ensure a representative variety of certified Californian
wineries across the main wine-producing areas, including different firm sizes, ages, and (main) price
categoriesof wines sold. Indeed, the interviewees represented wineries that were diverse in terms of
size, location, and market segment served. It is also important to point out that, before investigating
wineries’ perceived benefits and costs, we asked all respondents whether reliable quantitative data
were currently available on the economic performance of all implemented sustainable practices.
None of the interviewees had precise information (or an ongoing information-gathering process) on
the topic.

3.4. Data Processing

After performing a descriptive analysis, a multivariate technique was applied to investigate
the differences in individual winery perception of the overall assessment of total economic costs
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and benefits. In particular, a logit model was performed, in which the explanatory variable vector
is made up of a group of dichotomous variables associated with the individual characteristics of
the winery, while the dependent variable is binary (i.e., y takes the value one when the overall
assessment of the costs/benefits ratio of sustainability is positive and zero if otherwise; in addition, it
is assumed that the error is independent of the independent variables and that it follows a standard
logistic distribution). An ordered specification, taking into account uncertain respondents, was not
selected, as it seemed excessively rigid. The multinomial model specification was also tested as an
appropriate model; however, the obtained results in the estimate suggest that the model was not
efficient. The results of the evaluation of the goodness-of-fit statistics of the logit and probit models
suggested that the logit model had a greater degree of efficiency.

4. Results

The annual number of wine bottles produced in the respondents’ wineries ranged from less
than 5000 to more than one million cases. Fifty percent of the wineries produce between 25,001
and onemillion cases, 22% between 5000 and 10,000, and 14% over one million. Six wineries were
established over 25 years ago, four were between 10 and 24 years old, andtwo started operating less
than 10years ago. The interviewees were primarily owners, members of the executive management
or of other prominent levels of management. Considering location, about 36% of the firms are located
in Sonoma Valley, another 36% only in Napa Valley, and the remaining 28% are located in multiple
areas. The profiles of the responding wineries are summarized in Table 1, complete with location,
interviewee’s position, winery size, and the main wine price category sold.

Table 1. Descriptive information of sampled wineries.

Winery Code Location Interviewee Size (Average Number of
Cases Produced Annually)

Predominant Category
of Wine Price

SON 1 Only Sonoma Valley Executive manager 25,001–1 million Super premium
SON 2 Only Sonoma Valley Owner <5000 Luxury
SON 3 Only Sonoma Valley Owner 5001–10,000 Ultra premium
SON 4 Only Sonoma Valley Owner 5001–10,000 Ultra premium
SON 5 Only Sonoma Valley Executive manager 25,001–1 million Super premium

MUL 1 Napa, Sonoma Valley
and other California Sustainable manager >1 million Popular premium

MUL 2 Napa, Sonoma Valley
and other California Executive manager 25,001–1 million Super premium

MUL 3 Napa, Sonoma Valley
and other California Executive manager 25,001–1 million Super premium

MUL 4 Napa, Sonoma Valley
and other California Sustainable manager >1 million Super premium

NAP 1 Only Napa Valley Executive manager 25,001–1 million Popular premium
NAP 2 Only Napa Valley Owner 5001–10,000 Luxury
NAP 3 Only Napa Valley Executive manager 25,001–1 million Ultra premium
NAP 4 Only Napa Valley Owner 10,001–25,000 Ultra premium
NAP 5 Only Napa Valley Sustainable manager 25,001–1 million Ultra premium

Note: category of wine prices per 0.75 liter bottle are respectively: Popular premium ($3–7), Super premium
($8–14), Ultra premium ($15–25), and Luxury (over $26).

To better comprehend interviewees’ general attitude towards sustainable development issues,
a preliminary question elicited sustainability views, i.e., the main reasons to achieve superior
sustainable performances. Figure 1 shows respondents’ mean scores for all analyzed constructs.
Complying with laws and standards ranks first, with a mean score of 6.8, followed by reducing
impact on the environment to preserve it for the future, and dedication to long-run development,
with a mean score, respectively, of 6.6 and 5.7. Less importance is assigned to sustainability as a way
to affect employee satisfaction, with an average score of 2.1; sustainability as an opportunity for new
revenues received an average score of 2.3. A further point to highlight is that respondents do not see
sustainability as a way to strengthen image, or as a source of competitive advantage.
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were strongly connected to pest management, disease management, weed management, and  
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Figure 2. Mean scores of economic benefits, economic costs, and environmental benefits of selected
sustainable vineyard practices. Note: Scale is 1–9 (1 = very low; 9 = very high).

If we consider only the perceived costs, the practices that are perceived to be more costly are
alternative energy and vine management.

However, the economic benefits are viewed as exceeding the costs for the majority of practices
considered, with the notable exception of alternative energy and vine management. Incontrast,
for business management, economic costs and benefits were almost equal. Environmental benefits
were strongly connected to pest management, disease management, weed management, and
water management.

Similarly, in order to evaluate respondents’ perceptions of sustainable winery practices, we
asked them to rate the environmental benefits, economic costs, and benefits of the three previously
identified macro-categories (i.e., recycling practices, reducing practices—which include reducing
toxic chemicals, reducing water use, reducing energy use, and reducing solid waste—and planning,
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monitoring goals, and results). Figure 3 represents the mean scores obtained. Planning and
monitoring goals and results (in the winery) is perceived by respondents as the only practice in which
economic costs outweigh the economic benefits. Furthermore, it is considered in absolute terms as
the practice fostering fewer environmental benefits.
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Figure 3. Mean scores of economic benefits, economic costs, and environmental benefits of selected
winery sustainable practices. Note: Scale is 1–9 (1 = very low; 9 = very high).

Recycling practices (such as recycling pomace and lees, glass, pallets, etc.) are considered
among the three most effective in terms of positive environmental impacts, and they are perceived as
practices with higher economic benefits compensating economic costs.

Likewise, participants assign a similar delta in terms of the difference between economic benefits
and economic coststo reducing practices.

To arrive at a general picture of respondents’ perceived economic impact of the practices
implemented to obtain the Certified California Sustainable Winegrowing scheme, a question on
overall assessment of total economic costs and benefits was formulated.

Eight interviewees (67% of the sample) considered overall benefits higher than costs; four
respondents perceived the opposite; and two were unable to value total costs and benefits precisely.

Table 2 shows the logit regression results, estimated via the Maximum Likelihood (ML) method.
The sign of Location is negative and significant at the 5% level. This finding suggests that the

wineries located in Napa Valley are less convinced of the economic advantage of participating in
the sustainable wine program. Conversely, the sign ofage of winery is positive and significant at
the 10% level, suggesting that older wineries have a better perception of the economic viability of
sustainability. Other variables considered in the model are not statistically significant. Nevertheless,
signs suggest that larger wineries and those more oriented towards lower-priced wines are more keen
to consider the benefits of sustainability practices as higher than theircosts.

Finally, we investigated wineries’ overall perceptions of the effects of the certification scheme
practices on general wine quality and vineyard health. Sample means are, respectively, 0.75 (SD 0.96)
and 0.67 (SD 1.07). Figure 4 clearly shows that wineries strongly differ in their evaluations of the
sign of overall impacts, as all the companies located in Sonoma Valley positively rate the effects of
certification practices on wine quality and vineyard health, while firms in Napa Valley and in several
areas of California expressed contrasting values.
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Table 2. Parameter estimates of the logit model.

Regressors

Constant 1.878 (1.25)
Location ´3.412 **

(1 = Located in Napa Valley, 0 = otherwise) (´2.209)
Interviewee

(1 = Owner, 0 = otherwise)
1.131 (1.106)

Size 2.034
(1 = Average number of cases produced annually

over 25,000, 0 = otherwise) (1.992)

Predominant category of wine price 2.328
(1 = Popular and Super premium, 0 = otherwise) (2.195)

Share of export 1.789
(1 = Over 15%, 0 = otherwise) (1.653)

Age of winey 2.803 *
(1 = Over 15 years, 0 = otherwise) (2.206)

Note: The dependent variable is the binary variable of overall sustainability benefits exceeding costs (yes/no).
* Significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level.
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health. Note: Scale is ´3 (very negative) to +3 (very positive). 0 = no effect.

5. Concluding Discussion

Sustainability is a core goal for policy-makers and private companies; however, environmental
and social benefits of different sustainable practices should always be balanced against overall
profitability, and this of course holds in the wine production sector as well. Nowadays, there is a
growing body of academic and professional literature on sustainability in the wine sector; moreover,
several of these papers are focused on California in particular. Nevertheless, to the best of our
knowledge, none of these has specifically focused on empirical evidence from participants of the
Certified California Sustainable Winegrowing program, or other officially recognized protocols for
sustainable production. The case of the CCSW scheme is particularly interesting as an important
group of wineries—both in terms of production volumes and marketing power—have voluntarily
decided to adopt a sustainability pathway embracing necessary innovations and managerial
changes. Exploring these wineries’ perceptions of overall and specific environmental benefits,
economic costs, and economic benefits of sustainable vineyard and winery practices provides useful
data for stakeholders and policy-makers interested in enhancing the overall sustainability of the
wine industry.
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Findings of current research prove that the majority of respondents perceive that the overall
economic benefits, resulting from the sustainable practices introduced by the certification scheme,
outweigh the costs. Specifically, almost all investigated vineyard and winery practices received
quite high scores in terms of both perceived overall environmental benefits and economic benefits.
However, respondents evaluated only three practices as more cost-generating (two vineyard
practices, vine management and alternative energy management, and one winery practice, planning
and monitoring sustainability goals and results). Moreover, most of the wineries recognize beneficial
effects for wine quality and vineyard health. It should be highlighted that positive results are
obtained in very different situations in terms of winery size, location, and production orientation. The
categories of practices with a negative balance between benefits and costs deserve some additional
comments. Concerning alternative energy to sustain vineyard operations, the low cost of energy
from fossil sources in the US makes such sources competitive compared to farm self-produced
energy. Interesting is the case of costs and benefits originating from the planning of resource use
and monitoring of results compared to specific performance parameters. As already noted, such
activities are key aspects of the sustainable production paradigm and are considered useful to reach
important goals in the short and medium run. Nevertheless, interviewees appear unable to perceive
such benefits and do not recognize a direct connection between good results related to single aspects
of production and planning/monitoring activities. A possible interpretation of such a contradiction
can be found in the motivation pushing Californian wineries to massively adhere to CCSW, which
is the desire to comply with law and standard. Indeed, the political and social environment of
California is very pressing toward sustainability, mostly fostering environmental care, determining a
decisive stimulus to join the sustainability scheme even without a profound acquisition of principles
of sustainable production. Nevertheless, an incomplete awareness of technical and economic aspects
of the continuous process of enhancement of sustainability was quite evident during interviews,
and it is possible to conclude that a better understanding of specific sustainable practices—which
still have uncertain economic costs (or benefits) but clearly produce major environmental or social
benefits—may improve the overall satisfaction of adopting sustainable practices. Finally, the discreet
selection model (logit) identified that a firm’s individual characteristics have a limited influence on
the probability of perceiving the benefits of sustainability as higher than the costs, highlighting that
older wineries (>15 years) and those located in Sonoma Valley or in multiple sites are more keen
to assign a positive economic viability of sustainable practices. This could probably be explained
by the fact that older wineries might be more equipped, and experienced, to effectively handle the
fine-tuning of production techniques required by sustainability improvements compared to their
younger counterparts. On the other hand, it might be due to the fact that itmay take time to achieve
economic benefits gained from sustainability practices. In addition, the geographical positioning
of wineries’ impact on the cost/benefit evaluation of sustainability could be related to possible
differences in the local organization of the entire supply chain or to climatic conditions which could
relevantly increase the ease of managing sustainable practices (i.e., less susceptible to fungal diseases).

Analyzing the current literature, there is no clear picture of the economic advantage of
sustainable wine production [28–30]. Our findings confirm previous results [24] that reveal an
improvement of overall wine quality and vineyard health, which are benefits that can easily be seen
as economically beneficial in the long term. Indeed, as suggested elsewhere [23], research should
focus on some of the practices where there are still substantial knowledge gaps in terms of overall
environmental benefits and economic benefits/costs. This is because such knowledge gaps pose a
substantial barrier to adopting practices and, in general, there is a loss aversion effect that induces
people to inflate cost expectations and discount benefits.

Our study has several limitations. First, as the topic is extremely complex and wide-ranging,
several simplifications were made to generate a general portrayal of the current state-of-the-art.
Secondly, our research had an exploratory nature, while in-depth quantitative analyses of
wineries’sustainability practices (counting for specific business characteristics) would provide further
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insights on the exact rationale of a positive or negative overall evaluation of the costs/benefit ratio. In
addition, no specific care was taken to control for the differences between the views of the individual
respondent completing the survey and the views of the company that he or she represented, whereas
individual interpretations are known to influence how a company is portrayed. Nevertheless, the
current research should encourage similar studies to isolate and compare specific viticulture regions
in order to identify the unique place-based factors influencing overall benefits and costs, and provide
key insights into the impact of regional/national sustainable viticulture programs. Indeed, data
collection could be extended to wineries in other countries as a way to compare sustainability
practices on a global scale, even if, as Szolnoki [26] effectively points out, it is still very difficult
to define the term “sustainability” because not only every country but also every entrepreneur has
a different understanding of sustainability in the wine industry. Inregards to the focus of future
research, attempts could be made to identify the stages of the production process or environmental
conditions which are highly critical in terms of economic costs. New research avenues could also
compare costs and benefits of sustainable practices in the wine industry with other important
agricultural sectors. Finally, further research should carefully analyze the interesting possibilities
offered by linking wineries’ (in California and elsewhere) management systems, environmental
declarations, life cycle assessments and similar aspects using a product-oriented environmental
management system (POEMS), as the POEMS offers an approach to address both policy sustainability
goals and growing consumer interest in sustainable productions [31–33].
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