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Abstract: Indicators have been used in many sustainability assessment methods, however,
disagreements over a common definition and scope for the sustainability concept have led
to many distinct assessment methods, which are not often directly comparable. Before
developing a sustainability assessment, it is essential to: define sustainability and specify the
viewpoint of the assessor, the purpose of the assessment, and the context and time frame of
the assessment. This article presents a short list of indicators and a method that can be readily
adopted by any agricultural business or region to assess sustainability, making any
organization, region or crop qualitatively comparable. These indicators were proposed by 83
top-level executives in 14 group interviews conducted using our adapted nominal group
technique (ANGT). Executives were sourced from wine-grape growing organisations from
New World wine-producing countries that also owned vineyards, and they considered
everyday management practices of farms. These indicators, grouped within three categories
(economic, environmental, and social) were ranked by their importance. The method defines
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qualitative indicators that, in the context of distinct wine regions or crops should be
quantified to maintain their relevance and usefulness.

Keywords: indicator; sustainability; agriculture; wine grape; assessment; adapted nominal
group technique; rank; evaluation; viticulture; triple bottom line

1. Introduction

Sustainability awareness has been increasing since the World Commission on Environment and
Development (WCED) was created by the United Nations in the 1980s [1]. A variety of sustainability
assessment methods have been proposed since then [2], including agricultural assessments [3—6].
However, most of these assessments are mainly focused on the components of environmental
sustainability [7], and a few on economic sustainability [8], but very few are focused on the evaluation
of sustainability (environmental, economic, and social components) for the individual farms [4,6,9,10].
Gray drew attention to this need as early as 1992, when he pointed out that levels of sustainability that
range from “planetary, national or community” [8] (p. 418) could be addressed if we “translate these
concepts to the level of the individual organisation” [8] (p. 418). This study was developed to support
farm management through the evaluation of the sustainability status of agricultural businesses (farms)
through a case study of wine-grape growers.

To address the issue of sustainability at the individual farm level, an extensive, multi-phase, multi-stage,
three-year project was designed. Project goals were to help agricultural organisations improve their
individual sustainability outcomes; contribute to improved communication between farmers and
consumers; and facilitate effective governmental funding allocation in agricultural regions. Originally,
it was assumed that the project could be built upon existing definitions of sustainability and indicators
for the measurement of sustainability, yet these assumptions were found to be unfeasible. There were no
common definitions that could be considered universally accepted, nor were there consistent indicators
that could evaluate individual organisations systemically or comparably. As depicted by Gray: “what
may be required, is a more nuanced understanding of what ‘sustainability” actually is and how, if at all,
it can have any empirical meaning at the level of the organisation” [11] (p. 47).

A fundamental problem underlying all the other sustainability issues is the problematic definition of
sustainability—or the indiscriminate “plethora” of sustainability definitions [11] (p. 49)—and the initial
aim of the revised project was to determine a single self-explanatory definition that was recognisable to
and relevant for all stakeholders in the study [12].

The next stage of the project was to have a series of trials and tests assessing the sustainability of
different vineyards. However, the earliest findings from Stage 1 clearly indicated that a common
definition of sustainability, while necessary, was still insufficient to provide comparability for evaluation
and assessment. For example, when comparing Vineyard A against Vineyard B, Vineyard A’s expert
might use one set of indicators by which Vineyard A’s sustainability was assessed, while Vineyard B’s
expert evaluator would audit their sustainability using a completely different set of feasible and valid
indicators within their own context. This finding dictated that, although it also had not been in the
original project design, the next major stage of the research project had to be the selection and definition
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of a set of indicators for assessing sustainability that would be genuinely representative and viable.
Indicators needed to be significant and consistent across all variables of vineyard type and circumstance,
yet contextually flexible and able to be tailored meaningfully to the circumstances of each individual
farm, while maintaining comparability between farms and supporting management decision-making [3,8].
Only once a viable set of representative and effective indicators was selected could the comparison of
the sustainability of vineyards commence.

The project was re-designed to be developed in three distinct but complementary stages. Stage 1 was
the development of a sustainability definition relevant to wine-grape growers [12], and the findings and
definition from Stage 1 are summarised in the following section. This current article works with and
from the resultant definition and the research that supports it to describe and discuss Stage 2—the
development of a methodology for the establishment of valid, representative indicators for assessment
of the sustainability of vineyards. The methodology constructed for developing and using such indicators
is the primary contribution of this article and, while targeted to sustainability at the level of the individual
organisation for vineyards, can potentially be transferable to other agricultural businesses. In the third
stage of this project, sustainability programs for viticulture worldwide were documented and compared, as
were their certification processes. This stage also presented an overall characterisation of assessment
methods and related them to the documented programs [13].

2. Stage | Summary: Sustainability Definition and Conceptual Framework

To understand the work presented in this article about Stage I1 of the project, it is necessary to outline
primary aspects of the Stage | results, including a definition of sustainability that is relevant to the
individual agricultural organisation, and an understanding of the conceptual framework [12].

2.1. Sustainability Definition

All work reported in this article assumes that a sustainable farm is “one that is able to economically
provide for the farmer while maintaining its ability to consistently produce and improve quality over
time” [12]. This definition is founded on the conceptual framework developed assuming the triple bottom
line approach as essential for agricultural sustainability, and is also the foundation for developing
bottom-up indicators and indicator groupings from “real-farm” management experiences, as described
in the body of this article.

2.2. Conceptual Framework: Triple Bottom Line

A simplistic interpretation of the triple bottom line assumes that each of the three components
(economic, environmental, and social) must be of equal importance and interact evenly. However, Stage
I findings revealed that, to farmers, the three components of environment, economics, and social do not
necessarily interrelate evenly, and triple bottom line assessment needed to take into consideration a
minimum of three additional elements: (1) trade-offs between those three components; (2) time; and
(3) context [12]. This interpretation of the triple bottom line was used to group indicators for Stage Il of
the project.
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It also became clear during Stage | that sustainability indicators alone—even grouped within the
constructs of the triple bottom line conceptual framework—were not necessarily inherently meaningful
for decision-making [3]. In agriculture, the false dichotomy between value-based indicators (e.g., tonnes per
hectare) and technical or science-based indicators (e.g., physical and chemical characteristics of soil)
seems to contribute to the difficulty to define a minimum, but sufficient list of indicators to assess farm
sustainability. Further work was required to make the indicators useful for farm management at the
organisational level. The indicators needed to be weighted and ranked to make possible the creation of
a short but essential list of indicators to be assessed.

Therefore, further development of the conceptual framework included an importance ranking of these
proposed indicators so that indicators could be purposefully linked to every day decision-making
processes for farm management. This link is constructed by addressing and ranking the contribution of
each indicator in the sustainability assessment twice: first, weighted and ranked within each component
(economic, environmental, or social), and then weighted and ranked across components.

3. Indicators
3.1. Indicators: Viewpoints and Approaches

Once there is a clear definition of sustainability, the choice of indicators then becomes the critical
aspect for the development of quality assessments. Just as the project started with a plethora of
sustainability definitions that had to be sieved and sorted, similarly, the project was faced with a plethora
of possible indicators that needed to be reduced to a significant, appropriate, and representative short list of
workable indicators. These could then be assessed for realistic evaluation of sustainability, contributing
to farm management. Furthermore, as criteria for indicator choice vary from methodology to
methodology, sustainability certification in agriculture can become quite challenging.

By weighting the indicators, through the novel methodology offered here, it is possible to select the
most relevant indicators that are suitable for each organisation based on that organisation’s budget
constraints, context, objectives, and risk perception.

The process of developing indicators with the empirical mixed methods research approach used in
this article can contribute to the development of meaningful key performance indicators (KPIs) to assess
sustainability for farm management. Performance measures should support decision-making processes
by aligning daily activities with strategic objectives [14,15]. However, over-reliance on a single KPI can
be counter-productive. For example, when assessing the sustainability status of a vineyard, using isolated
indicators (e.g., “yield”) is unlikely to intelligently support decision-making. For instance, “yield”
performance must be evaluated by taking into account, at a minimum, water availability, potential for
productivity, grape quality, and, ultimately, wine quality [16].

Many sustainability assessments use indicators [5,7,17,18]. Indicators are selected variables used to
support decision-making processes through “measurable facts” [19]. Individuals, organisations,
and societies need models, metrics, and tools to evaluate production activities in order to help
decision-makers move away from unsustainable practices [20]. Furthermore, the establishment of
appropriate and meaningful indicators is essential as improvement in sustainability is unlikely to occur
if progress cannot be measured and audited [21,22].
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The measurement task is difficult because the meaning of sustainability is complex and embedded in
ideology [20], subjectivity, personal beliefs, cultural backgrounds, and political views [23].
Disagreements over a commonly understood and accepted definition for sustainability and its
multidimensional characteristics [14] have led to many different proposals on how to assess it [24,25].
Indicators used to assess sustainability are often selected to validate the scope determined by the
proponents of the assessment [10,23], and biased selection can compromise assessment validity and
reduce comparability and challenge the notion of accountability. Consequently, because the scope of
the sustainability concept defines sustainability assessments, assessment methods are often not
directly comparable.

3.2. Drivers of Assessment and Indicator Choice: Past and Present

Indicators have been widely used by governments, sustainability programs, and individual
organisations. Governments often use indicators to help design policies and guidelines for specific
programs. Sustainability programs often use indicators to create benchmarks for their participants, to set
certification rules [6], or to set regional sustainability targets [26] or benchmarks. Individual
organisations use indicators to compare and improve their operations throughout their life span.

Due to this complexity and lack of consensus around the sustainability concept, very different
approaches have been taken in sustainability assessments. For instance, many researchers in the past
focused on adoption of conservation practices [27], and environmental sustainability became the most
important component of many proposed assessments. Two representative examples of this are the
popularity of low-input sustainable agriculture (LISA) in the early 1980s [27] and carbon footprint
assessments related to climate change from the late 1980s onward [28,29]. The LISA approach focuses
on reducing the use of off-farm inputs “by the inclusion of biologically-based practices that result in less
reliance on purchased inputs” [27] (p. 334). Carbon footprint assessments are closely associated with the
idea of reducing greenhouse emissions in a context of natural resource scarcity, economic instability,
and climate change [27,30].

The environmental focus in sustainability assessments arose from the tension between development
and limited natural resources [31]. However, assessments that only consider one or two of the categories
of the triple bottom line are insufficient to fully evaluate sustainability, as sustainability is a systemic
concept [32]. For instance, cost-benefit analysis, commonly used to evaluate initiatives in economic and
social terms has, thus far, been insufficient to measure or promote sustainable development, as
cost-benefit analysis has relied on the economic category of the sustainability concept, and economic
models have generally measured growth and competition [33]. More recently, since the creation of the
Stiglitz Commission by the French Government in 2008, there has been an increasing interest in
developing assessment systems based on human well-being. However, well-being assessment alone also
does not necessarily promote sustainable outcomes [23].

Beginning in the 1990s, indicator-based sustainability assessments were mainly driven by
intergovernmental processes [34]. Sunding and Zilberman [35] argue that innovations embodied in
capital goods or products (such as use of new fertilizers) are often easier to measure than intangible, or
disembodied, innovations. Measuring the benefits of disembodied innovations is difficult. For instance,
if an organisation adopts a new irrigation strategy (such as one that is driven by weather forecasts to
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maximize the benefits of irrigation) as a new sustainable practice, how can that be measured beyond
how much water overall has been used? The limitation of this single measurement is that it neglects, for
example, improved fruit quality, which is likely a consequence of several innovations. This difficulty in
measuring such intangible processes explains the low level of investment in research and development
for disembodied innovations.

Governments also tend to prefer quantitative measures to qualitative ones to inform and communicate
their efforts to improve their policy-making and decision-making processes [36,37] and, hence, their
accountability and transparency. However, these choices are not automatically linked to improved
sustainability outcomes at the level of individual organisations. Consequently, assessments that are too
heavily weighted on an accounting perspective that relies mostly on past input usage, rather than
outcomes of the assessed sustainability praxis, are limited, as a focus on the past does not ensure
improvement of sustainability outcomes in the future [10,13,38].

The method proposed in this article demands a shift of paradigm that requires a move from reducing
input usage to optimizing input usage to improve farm output. This requires that multiple contextual
issues need to be accounted for in any relevant assessment. In the wine-growing context, these include
aspects such as varying rainfall affecting water usage; soil type affecting soil quality inputs; farm
management system choices such as organic or conventional affecting fuel and chemical usage; and crop
quality objectives such as premium wine versus cask wine affecting cost of inputs and management.

3.3. Some Examples of Current Sustainability Approaches: Agroecology and Carbon Footprint

As discussed above in Section 3.2, systemic approaches seem to be the only reasonable way to fully
assess sustainability [30,33,39]. Agroecology is an example of a systemic and interdisciplinary approach
to agriculture assessment and development. This approach takes ecology as the basis for the development
of any agricultural system, and uses indicators [40-42]. Agroecology has been promoted as a feasible
way for poorly resourced farmers to make agricultural progress, as many new technologies are not
appropriate for them and in many situations they simply have no access to credit and/or information.
However, in spite of showing promise for assessing agricultural sustainability, along with its social and
political orientation and emphasis on traditional knowledge, using alternative agriculture and local food
system experiences as core components of agriculture systems [43] restricts the universal uptake and
acceptance of agroecology worldwide. It therefore has limited application across the spectrum of
agricultural enterprises.

Another popular systemic approach to sustainability in agriculture is the control of carbon emissions.
Agriculture accounts for one third of the total carbon emissions in the world [44]. This figure includes
emissions not only from croplands, but also from pastures. Lewis et al. [45] emphasises that farm
assessments based on carbon emissions vary significantly depending on the method of assessment
applied. Moreover, farm assessment solely based on greenhouse gas emissions should not be accepted
as sufficient to assess sustainability [2]. The relationship between agricultural production and
productivity, financial returns, rural and social development, and environmental conservation must also
be taken into account systemically. In the wine-grape chain (from grape production to wine in a bottle
on the retail shelf), the vineyard phase represents only about 22% of the overall carbon emissions in
wine production [46]. Production logistics seem to be responsible for around 50% of the emissions
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associated with wine production [47]. For reasons such as this, employing single factor indicators such
as carbon accounting are inadequate to assess sustainability of the agricultural phase of the wine
production chain.

3.4. The Complexity of Selecting ““Good Indicators™

A good indicator should reduce the complexity of the assessment of the studied system [48]. In
agricultural assessments, for example, the uncertainty of weather and climatic conditions plays an
essential role in business performance, adding extra complexity to sustainability assessments when
compared with many other types of individual business organisations. For instance, in a specific year,
does a poor yield due to lack of rain on an unirrigated farm determine the sustainability of this farm? A
longer period of time needs to be considered to make such an evaluation.

To date, the biggest problem with assessments has been their inability to measure the totality of effects
of practices undertaken toward sustainability. The triple bottom line has been used to address this issue,
but environmental, economic, and social components are “inherently intertwined and subject to
trade-offs. Accomplishing one objective frequently means backpedalling on another” [36]. As discussed
by Santiago-Brown et al., [12], the triple bottom line requires balancing of trade-offs between the
environmental, economic, and social components and the additional consideration of time frame and the
viewpoint of the assessor.

What are reasonable trade-offs between the assessed indicators? This has predominantly been
discussed in regional studies on agricultural trade-offs: Bohringer and Ldschel [36] and Wei et al. [49]
propose numerical models to assess the impact (therefore the accepted trade-offs) of (mainly) economic
and environmental components; Bond et al. [50] and Gibson [39] emphasise the importance of having
public trade-off rule criteria as an essential part of the accountability of assessment systems; and
Darnhofer et al. [31] apply resilience theory to farming to propose pathways towards more sustainable,
therefore resilient farms. All these approaches discuss the complexity of trade-offs, but do not offer a
means to develop or choose the appropriate indicators. Also, indicators are not automatically linked to
sustainability unless a clear reference level is attached to each of them [51]. In this article we present a
method for developing a range of indicators that could improve trade-off decisions and rules.

4. Materials and Methods

This article reports the results of one specific stage in an extensive multi-year, multi-method,
cross-national research project [12]. Here, we summarise the overarching method for the entire project,
and detail only the methods pertaining to the stage of the research that determined the selection of and
criteria for a viable set of representative indicators for assessment of sustainability in vineyards, which
are the focus of this article.

4.1. Research Project: Sustainability Assessment in Wine-Grape Growing

The full research project had five distinct but complementary research aims explored in three stages.
A mixed method research approach, including modified methods, was developed and used to collect
data from 14 focus groups conducted from December 2011 to November 2012 with 83 executives of
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grape-growing organisations (CEOs, chief winemakers, and chief viticulturists) from five countries:
Australia, Chile, New Zealand, South Africa, and the United States. The aims are:

(1) Propose methods to define sustainability; construct indicators to assess sustainability; and
understand the engagement of farmers in sustainability programs; (2) Define sustainability in agriculture in
the context and viewpoint of individual wine grape—growing organisations; (3) Propose sets of indicators
to assess sustainability of individual wine grape—growing organisations; (4) Document and compare the
main sustainability programs in viticulture for individual organisations; (5) Develop and implement the
McLaren Vale Sustainable Winegrowing Australia program. This article focuses on aim 3, and progress on
aims 4 and 5 as has been described in Table 1 [13].

Table 1. Project stages during group interviewing: technique and aims.

Project Stage Technique Aims Purpose
Define sustainability; determine the importance of three
Adapted Focus categories (economic, environment, and social) by
1 Group Method of attributing weights for each out of 100%; and produce
Enquiry-AFGME a sustainability concept map that mirrors the

sustainability definition.
Produce list of indicators; rank indicators within each
Adapted Nominal Group  category; produce an overall indicators list from all

2 . .
Technique-ANGT categories; document and compare the most relevant
sustainability programs for viticulture worldwide.
Semi structured . .
. . Understand the expected benefits and inhibiting
in-person or email , S -
3 factors from growers’ participation in sustainability

interviews and

: rograms (engagement).
observations prog (engag )

4.2. Purposive Sampling

Purposive selection was used to determine both the wine regions represented and the participants.
The selection criterion for countries and regions was that they were a wine producer, and that they had
a well-documented sustainability program for viticulture. As, to the best of our knowledge, there were
no relevant sustainability programs to assess individual vineyards in “*Old World’” wine countries
(Europe) at the time of this investigation, the countries represented in this investigation belong to a group
known as “New World” wine producers.

The nature of the study required that participants have strategic organisational roles determining
organisational decision-making that drive the strategies and sustainability outcomes of their
organisation [52]. It was understood that top-level managers were uniquely positioned to provide
representative information that could not be gathered from other stakeholders [53], so 83 executives and
high-level managers employed in private grape-growing organisations that also owned vineyards [12]
participated in the sessions.
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4.3. The Hybrid Method

The objectives of the second stage of the project were to determine an overall ranked list of indicators
for vineyard sustainability assessments, and a ranked list within each one of the three sustainability
categories: economic, environmental, and social. A hybrid interview and discussion group method was
created for this investigation, combining and modifying the focus group and nominal group techniques.
There is vast literature comparing group interviewing techniques, including Nominal Group Technique
(NGT), focus groups, and brainstorming that have been drawn upon in this investigation. Each of these
interviewing techniques has advantages and disadvantages when compared to the others [54-56]. For
the purpose of this investigation, the interviewing techniques were combined and adapted with the aim
of obtaining representative results. The results of Stage 1 discussions (agreement to use the triple bottom
line approach to sustainability) were assumed for Stage 2, in which we used an Adapted Nominal Group
Technique (ANGT), which we designed as an adaptation of NGT.

Nominal Group Technique was originally developed in the early 1970s [57] as a group discussion
technique oriented to solve and identify problems, and support decision-making processes [54,58,59].
The technique involves a structured process that aims to give participants an equal opportunity to share
their thoughts. A typical NGT is organised into at least seven steps: (1) clear statement of the problem;
(2) individual generation of ideas before the session or during the session on a blank page with the printed
question on it; (3) the listing of individual ideas on a flip chart in a round-robin format (all participants
contribute in a set sequence), where the list is built by collecting “one idea per person per turn” [55], in
written or oral format; (4) limited discussion among participants, guided by the moderator, only to ensure
clarification of items and merging of similar ideas; (5) individual rank of three to five best ideas; (6)
voting, public or secret, through cards or stickers on the list; and (7) final rank from group voting and/or
ranking, usually shared with participants at the end of the session [55-57,60,61].

A significant difference between our ANGT and the original NGT is related to participants’
preparation. For our group, no prior preparation was required from participants. They were only advised
that they would be part of an investigation of sustainability in vineyards. The introduction to the topic
happened during the first part of the meeting: participants were introduced to the sustainability concept and
given a brief definition of the term indicator, in the context of the investigation, as “something you can
use to measure sustainability.” Explanations of terms used by the moderators were kept to a minimum
to decrease bias. The only stipulation was the use of the triple bottom line approach—that economic,
environmental, and social categories should be taken into account in their proposed list of indicators.

There were two researcher roles in the conduct of the ANGT sessions: the lead researcher and the
moderator of the discussions. The lead researcher designed all objectives and the method, and the
moderator was an industry-based professional who managed the conduct of the ANGT sessions while
the lead researcher assisted him. This two-person process was in compliance with advice that the lead
researcher should avoid leading sessions to avoid researcher bias, and the lead researcher was not present
at the final phase group discussions.

The discussion was moderated following focus group standards to ensure all participants in the group
were heard. The aim was to capture indicators from the actual operational vineyard experience of the
participants, and their perception of the importance of each one of these indicators. This was based on
the assumption that the contribution from actual operations based on variables that vineyard
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operators use to manage their business would contribute to build a useful and meaningful list of
sustainability indicators.

The ANGT discussion was conducted in three phases and started with the distribution of a set of blank
forms to participants on which they were asked to individually write down three to five sustainability
indicators for the sustainability of their vineyards. Participants had no restrictions on the indicators that
they could propose, and any qualitative or quantitative indicators would be accepted. All participants
were encouraged to share their indicators with the group in any order. A list was drawn up on a flip chart
with all suggested indicators.

A round-robin format (used in NGT) was not used as, in our pilot session, we found that many
participants further developed their thoughts while presenting. Rather, random interactions among
participants, when well-moderated, had a synergistic effect. In the majority of the groups, a participant
would share all of his or her indicators followed and complemented by another participant, in spontaneous
rather than prescribed order, until everyone in the group had contributed to the list. The list was kept
available for all participants for the second phase of the ANGT.

The second phase of the ANGT was similar to the first, except that participants were required to list
and sort the indicators into three discrete categories: economic, environmental, and social. Participants
were advised that they could use the initial group list, available on the flip chart, to help them to build
the three new lists, but were not restricted to that list—ideas for new indicators were encouraged. Any
indicator could also be listed more than once, if it was relevant to different categories. The three lists
from each participant were made available by posting them on the walls of the discussion room.

Scoring was conducted in the third phase of the ANGT. Participants were required to score
each of the items from zero to four (or “non-applicable/no-opinion”), in a round-robin format.
“Non-applicable/no-opinion” could be used in two distinct situations: (1) structurally non-applicable
(NA) (for example, organisations with no employees did not score indicators related to employee welfare
for their companies) or (2) the participant did not have an opinion (NO) regarding a particular indicator
at the moment of the discussion. We did not want to force participants to provide a score if the proposed
indicator was a new concept to them and they thought they needed more time to form an opinion. There
were only a few NA/NO responses and they were excluded from the average calculations.

The round-robin format was important for this phase because it gave the proponent an opportunity to
clarify the indicator, if necessary, as it was being scored. The scoring occurred immediately after the
indicator was read out to the group (and elaborated and discussed, when necessary, for the purposes of
clarification) so all participants had a similar understanding of the items they were scoring. If similar
indicators were found, they were merged only after discussion and with group consensus.

Unlike the NGT process, participants were not asked to choose three to five items from the list or to
create an individual rank among the items on the list. Instead, it was assumed that all indicators could be
important, so all participants were asked to score all listed indicators (unless they were non-applicable
to their context or the participant had no opinion on the listed indicator). Thus, each indicator was scored,
rather than ranked, individually, which allows for indicators to be rated equal in importance.
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4.4. Data Analysis

The sessions were audio and audio-video recorded and transcribed. The written forms of participants’
proposed indicators were collected at the end of each session. The flip chart sheets were also collected.
This data set was used to create three Excel spreadsheets, one for each of the economic, environmental,
and social categories, in which columns were indicators and rows were participants. Each column was
numbered sequentially within each category, assigning a number to each indicator. Each set of indicators
proposed by a specific ANGT group was colour-coded, so the colour and number code enabled the origin
of each original indicator to be traced.

The phase of data reduction required the merging of multiple indicators into a set of
merged-concept indicators. To accomplish this, the spreadsheet was printed on large format sheets, and
all indicators were physically separated by cutting apart with scissors to create three big puzzles which
could be displayed and sorted on a work surface. Examples of merged items to produce the indicator
presented in this investigation are shown in Table 2. Again, as part of the data reduction process, when
similar indicators within the same group were found, they were merged and their average score was
assigned to the merged indicator. The majority of merges occurred during the sessions, although many
similar or identical indicators were mentioned in different sessions and merged subsequently.

Table 2. Examples of how indicators were merged (as original lists from group discussion).

Indicators Items grouped
ECONOMIC
. Longevity of the vineyard (e.g., disease free, virus free, etc.); longevity of the vines; increasing
Vine health . . . . . .
lifespan of the vineyard; useful life of the vineyard; health and longevity of the vineyard.
Yield Yield, tons per hectare, tonnes per hectare, tons per acre, productivity, production per hectare,

production: so, yield and production performance.
Labour costs Employees’ wages, labour costs and input cost: labour.
ENVIRONMENT
Soil health, maintaining nutrient status in the soil, improvement of soil health, monitor and
optimise soil health, soil health— microbial activity, healthy soil, soil health capable to support the

Soil health vineyard, soil health/vitality, presence of heavy metal in soil (not desirable), natural fertility of soil,
soil microbiology, etc.

Aesthetics Aesthetics and amenity, maintaining the integrity of the property, landscape and topography,
aesthetics of your vineyard.

Biological Importance of biological controls and presence of beneficial insects.

controls

Erosion No erosion, decrease erosion, reducing erosion, erosion and no till.

SOCIAL

Happy workers Happiness of people, happy workers, happy employees, labour climate, satisfaction of the
employees (through surveys on worker satisfaction).

Happy Good nei.ght?ourin.g, happy neighbours, ngmber of incid-ents/complaintf, per year, gF)od

. communication with neighbours, good neighbours relations, and reducing spray drifts
neighbours

to neighbours.
Business viability  Financial return and viability of your business and financial sustainable employment on farm.

The process of producing a final list of merged indicators used the following steps: (1) lead researcher
defined the best wording to describe each set of merged indicators; (2) moderator reviewed the proposed
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grouping; and (3) proposed wording and indicator groups were signed-off by the lead researcher. Merged
indicators from the puzzle were transferred to a spreadsheet and quantified. For each merged indicator,
the following were counted: the number of participants in the group that scored that indicator, and the
number of ANGT sessions that mentioned the specific indicator. For each indicator, the average of the
scores from the participants who gave a score to that indicator was calculated. A rank of importance was
created by calculating what we call the Importance Index (I1) by multiplying the number of groups that
mentioned a specific indicator by the average score of that indicator. Thus, for example, biodiversity
(within the environment category) was scored by 67 participants in 11 ANGT sessions. The average score
given by the 67 participants is 3.16. The Importance Index is then 3.16 x 11, which equals 34.75. The
maximum possible 11 is the product of the maximum score, 4.0, and total number of sessions, 14, which
equals 56. In this way, each ANGT session would have the same weight in our Il calculations,
independent of the number of people in each group. From the results of these calculations a spider graph
for each category was created with indicators listed alphabetically. In the spider graphs displayed
(Figures 1-3), the more important indicators within each category are closer to the outer circle.

To make the indicators comparable between different categories, the 1l was adjusted. The Adjusted
Importance Index (All) was calculated by multiplying the 11 by the relative weight attributed to the three
categories by the consensus formed at stage 1 of the research: economic 41%, environmental 35%, and
social 24% [12]. The decision to discontinue interviewing was made by the lead researcher and group
discussion moderator once saturation appeared to have been reached. Both agreed that additional groups
would not add significant insights and results to the discussion as sustainability themes, concepts, and
indicators were occurring repeatedly among groups. By the end of the fourteenth group session,
theoretical saturation was achieved. There was a clear understanding that new and unique indicators
could potentially be proposed by additional groups, but they are unlikely to affect the research results as
they were not mentioned by the preceding groups [62—-64].

5. Results and Discussion

The ANGT sessions generated 507 indicators (Table 3). The participants proposed 161 economic,
171 environmental, and 175 social indicators to assess sustainability of individual organisations at the
farm-gate. Table 3 also shows the number of indicators after a data reduction process in which similar
indicators were merged, as well as after excluding the indicators only mentioned in a single session. The
latter were excluded from the results as they were not considered sufficiently representative for this
investigation, and their 11 is below 4.0. The merged list was about one quarter of the size of the original
one: 53 economic indicators, 34 environmental, and 36 social, totalling 123 indicators. The final merged
list encompasses 76 indicators (27 economic, 26 environmental, and 23 social).

The following sections of this article present and discuss the indicator ranks from each sustainability
component based on the II, followed by the combined list ranked by All.
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Table 3. Original number of economic, environmental, and social indicators found
in this project and subsequent numbers after merging and exclusion because of lack
of representativeness.

Merged indicators, excluding

Original indicators Merged indicators, mentioned . .
. . ) . i . the ones only mentioned in a
mentioned in all sessions in multiple sessions i .
single session

Economic 161 53 27
Environment 171 34 26
Social 175 36 23
Total 507 123 76

5.1. Intersected Indicators for a Better Assessment

The results contribute to the understanding that sustainability assessments through indicators must be
systemic. To fully assess sustainability, all three categories and their interrelationships should be taken
into account. The final list comprises indicators from all three categories. For instance, as important as
they might be, indicators such as soil health (environment) or “grape fit for purpose” (economic), while
first and second in the rank of importance (Table 4), in isolation only assess the sustainability status of
a vineyard partially, and at a specific time. Soil health assessments are based on whatever type of soil
tests (chemical and/or physical and/or biological) are taken during a specific year. Grape fit for purpose
can only be assessed in the framework of the original production plan and/or sales contract for a specific
vintage. Sustainability assessments through measurements, such as indicators, must be seen as a process
capturing changes in a farm over time [16].

The results also show indicators appearing in more than one list, emphasizing the inadequacy of single
sustainability viewpoint analysis. Conversely, many of these indicators are complexly entwined into all
three sustainability components in spite of appearing in only one of the three specific lists. For instance,
“use of appropriate cover crops” (environment) is related to soil issues, but it can also be directly related to
water availability, crop, and yield (economic). Furthermore, the use of cover crops can have a direct
impact on aesthetics, biodiversity, and erosion. Isolated indicators can tell only partial stories.

The indicator choice is an essential part of the decision-making process [15,65] to improve
sustainability outcomes. For instance, if financial results, such as “profitability over the next few years”,
were to be considered as the only driver in decision-making in agricultural business, in many, if not
most, situations, the farmer’s decisions with respect to environmental categories would be to do
nothing [66]. Wojtkowski [41] points out that many intangible but likely beneficial variables are not
being taken into account in purely financial measurements of sustainability. For example, Flores and
Sarandon [67] argue that the selection of different agricultural technologies is still done using simplified
cost-benefit analysis, which tends to overestimate the performance of some systems. A consequence is
that simplified cost-benefit analysis may encourage the production and degradation of natural capital
because it does not include the environmental costs generated by the productive activity. Intangible
variables, such as aesthetics, comfort, satisfaction, and healthy surroundings, among others, are also
essential parts of human/farm interaction that are not currently expressed quantitatively [41].
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5.2. The Proposed Indicators

This investigation differs from the majority of sustainability studies because of the uniqueness of the
participants’ characteristics in a participatory bottom-up approach. Only top-level executives in the wine
industry took part in this investigation. Participants were not poor-resourced farmers in remote rural
communities, which would have different agendas well described by agroecologists [40,41,43]. They
were owners, or employed executives, whose goal is to run the vineyard as a sustainable business in a
developed economy. The majority had higher education qualifications: 61% with a Bachelor’s degree,
20% with a Masters, and 5% with a Ph.D. [12]. The list of indicators proposed by them and presented in
this article reflects the measurements they use in their own business to endure over time.

Indicators were ranked exclusively by the attributed importance from participants. Not surprisingly,
the overall proposed rank seems to list (many) similar indicators proposed by other studies in
sustainability gathered from different methodologies. Some examples include soil health/quality [16,24];
biodiversity [24,68]; chemical inputs [9]; water use optimisation; and off-farm impacts, including
waterways [69], productivity [68], yield [30,70]; and aesthetics [71]. Nevertheless, this investigation is
unique as it objectively proposes lists of indicators ranked by their importance. The indicators can be
used to guide decision-making in systems consisting of farms and vineyards towards the goal of
sustainability, and to monitor progress towards that goal. However, the collection of data for the
calculation of indices has costs for the individual organisation, and for monitoring organisations at the
regional or governmental level. Qualitative indicators should be chosen by considering their likely
impact on the sustainability of the system against the costs of collecting the relevant data. The choices
of indicators will be specific to the needs of each vineyard in a given region and typical details are
outside the scope of this article.

5.3. Proposed Economic Indicators

Figure 1 displays a spider graph of the economic sustainability indicators ranked by the Importance
Index. Grapes fit for purpose is the highest-rated economic indicator (Importance Index of 35.69)
followed by economic yield (11 = 30.76), management costs (Il = 23.95), profitability (11 = 21.88), yield
(Il = 21.68), operational efficiency (Il = 20.27), grape demand (Il = 19.24), vine health (15.74), and
return of investment (11 = 15.25), down to capital replacement costs (11 = 5.25).

Figure 1. Spider graph of the economic sustainability indicators ranked by the Importance
Index (11).
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Grapes fit for purpose is a measurement of achieving the intended production quality. It is the most
important economic indicator in the list. Fifty-one participants (out of 83 in total) mentioned it in 10
group sessions. The average score was 3.57 out of 4. Economic yield is the second-highest economic
indicator. It represents the total economic return of a crop by area taking into account both production
yield and quality fit for purpose [72].

Further comparisons between top indicators in each list are also described in this investigation with
the objective of giving the reader an indication of importance between listed indicators. The percentage
change between the highest, grapes fit for purpose, and the second ranked economic indicator, economic
yield, is about 14%. The percentage change between the management costs (third most important
indicator) and economic yield is 22%. The comparison between the grapes fit for purpose indicator with
the indicator improving operations efficiency (10th place in the economic rank) shows a decrease in
importance of 62%. The weight of each indicator from the list is useful to select the most relevant ones
in accordance to individual budgets and strategic objectives. The Importance Index is proving itself to
be a powerful reference based on 83 real-vineyard operations from five distinct countries.

5.4. Proposed Environmental Indicators

Van der Werf and Petit [10] reviewed 12 indicator-based assessment methods to evaluate
environmental sustainability and concluded that: (1) methods should consider both local and global
effects; (2) quantitative indicators, mainly effect-based ones, are necessary to identify if results were
attained or not; (3) indicators should measure impacts both per unit surface and per unit product;
(4) indicators measuring outputs are preferable on a physical scale to scores to be able to benchmark
results with the real world; (5) indicator thresholds should be defined; (6) indicator methods should fit
the purpose of the objectives of the assessment; and (7) trade-offs should be carefully evaluated to ensure
correct evaluations. The indicators proposed by these methods are driven by their objectives:
input-related, emission-related, and system state—related. Many of the main indicators used by the
12 methods, such as soil erosion and quality, land use, water use and quality, fertiliser use, pesticide use,
greenhouse-gas emissions, and biodiversity, among others, are similar to the indicators proposed by
this investigation.

Unlike the proposed guidelines from Van der Werf and Petit [10], the authors of this investigation
prefer to use the definition of reference levels to using thresholds for sustainability indicators. Reference
levels do not assume (as thresholds do) a “pass/fail’ situation if a certain number is not achieved—we
understand indicators as reference points over time that might change with scientific and/or material
progress. In application, reference levels can be adapted as new data are collected and provide more
sophisticated and useful assessments for improving farms’ sustainability.
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Figure 2. Spider graph of the environmental sustainability indicators ranked by the
Importance Index (I1).

The environmental indicators are displayed as a spider graph (Figure 2) showing their importance
index within this category. The most important environmental indicator, according to the group results
is soil health. It has the Importance Index of 43.31, followed by water use optimisation (I = 37.06),
biodiversity (11 = 34.75), off farm impacts from farming (including waterways) (Il = 31.32), chemical
inputs optimisation (11 = 29.85), pest and disease management (Il = 25.14), soft/appropriate chemical
use (11 = 23.49), carbon footprint (Il = 18.58), erosion (Il = 17.39), down to use of appropriate cover
crops (Il = 6.0). The percentage change between the indicators of soil health and water use optimisation is
approximately 14%. However, the same calculation between the second and the third environmental
indicators, water use and biodiversity, respectively, is only 6%. The percentage changes in indicators’
importance (from the top 10 in this group) become significantly higher from pest and disease
management (ranked 6th) onwards. When soil health is compared with pest and disease management,
the percentage change is 44%; compared with erosion (ranked 9th), it is 60%.

Within environmental indicators, 64 participants in 12 distinct ANGT sessions scored soil health as
most important. Twelve was the maximum number of times a specific indicator was cited in the sessions
(total of 14 sessions). Nevertheless, several indicators in the top list, such as erosion, soil organic carbon,
vine health, soil compaction, and use of appropriate cover crops are closely related to soil health.
Therefore, soil-related indicators were recurrent in all ANGT sessions. As an individual indicator,
biodiversity ranked third place in the list, but 67 participants scored it. This most frequently proposed
indicator among all categories averaged 3.16 (out of a 4.0 scale) in 11 groups. Carbon footprint ranked
eighth in the list in spite of the on-going debate on carbon footprint and climate change worldwide. It is
important to point out that in the context of this investigation, greenhouse-gas emissions from the
viticultural phase represent about 20% [46] of the total emissions in the wine chain. Likewise,
greenhouse-gas emissions from arable farming represent only 10%—-12% of the total carbon emissions
in the world [73]. Nevertheless, it is also important to point out that several top indicators could be easily
merged into the carbon footprint indicator (e.g., chemical use optimisation, fuel use, and pesticide
reduction), but it would generate extremely generic indicators that would be of little use for individual
vineyard assessment.



Sustainability 2015, 7 8194

5.5. Proposed Social Indicators

Indicators to assess social sustainability at farm-gate are not easily found in scientific literature.
Figure 3 shows the social indicators proposed by this investigation, ranked by their Importance Index.
Staff retention is the most important indicator within the social category with an Importance Index of 27.
The second-highest ranked social indicator is training (Il = 25.51), followed by healthy work
environment (I1 = 23.81), workers’ engagement (11 = 23.70), community benefits (1l = 23.63), beyond
legal standard for workers (Il = 22.42), happy neighbours (Il = 20.11), compliance with labour laws
(11 = 18.34), aesthetics (11 = 18), happy workers (11 =17.97), down to tourism (Il = 5.43).

Aesthetics

Waorkers time off (injury/sick Beyond legal standards for

days) workers
Workers productivity 40 Business viability
35
Workers ownership 30 Certifications
25
Workers housing 20 Community benefits
Workers engagement Community health
Wine Compliance with labor laws
Training Education
Tourism Happy neighbors
Staff retention Happy workers
Social events for workers Healthy work environment
Protective equipment Labor costs

Figure 3. Spider graph of the social sustainability indicators ranked by the Importance Index (I1).

Participants ranked the first six social sustainability indicators similarly. The decrease in the
Importance Index between the six indicators is not high, varying from 27 to 22.42 (decrease of 17%).
Among these, the community benefits indicator was cited by 9 groups. It was the highest recurrence
among groups when listing social indicators. Community benefits also had the second-lowest
participants’ average (2.63 out of 4), along with the indicator social events for workers. The high
recurrence of community benefits in the ANGT session was fifth-ranked among the social indicators.

5.6. A Good Start for Systemic Assessment Using a Triple Bottom Line Approach

Seventy-six indicators ranked by their Adjusted Importance Index are shown in Table 4. The new list
with indicators adjusted by the average attributed weight shows soil health, from the environmental list,
as the most important indicator amongst all. Its Adjusted Importance Index is 15.16 (Il x attributed
weight = 43.31 x 35% = 15.16). The second most important indicator, grapes fit for purpose, belongs to
the economic group and has an Adjusted Importance Index of 14.63 (35.69 x 41%). The first social
indicator, staff retention, became ninth in this overall list (27 x 24% = 9.45). Considering the top 10
sustainability indicators from this combined and weighted list, five are environmental, four are
economic, and one is social. However, grapes fit for purpose (economic) is only 3.5% less important
than soil health (environment), first in the overall rank.
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Table 4. Sustainability indicators.

Number of ANGT Participants’ Importance Adjusted Importance
Rank Sustainability Indicators
participants sessions Average Index Index
1 Soil health (ENVIRO) 64 12 3.61 4331 15.16
2 Grapes fit for purpose (ECON) 51 10 3.57 35.69 14.63
3 Water use optimization (ENVIRO) 61 11 3.37 37.06 12.97
4 Economic yield (ECON) 51 9 3.42 30.76 12.61
5 Biodiversity (ENVIRO) 67 11 3.16 34.75 12.16
Off farm impacts from farming
6 (including healthy waterways) 51 9 3.48 31.32 10.96
(ENVIRO)
Chemical inputs optimization
7 49 9 3.32 29.85 10.45
(ENVIRO)
8 Management costs (ECON) 38 7 3.42 23.95 9.82
9 Staff retention (SOCIAL) 44 8 3.38 27.00 9.45
10 Profitability (ECON) 34 6 3.65 21.88 8.97
11 Yield (ECON) 36 7 3.10 21.68 8.89
Pest and disease management
12 42 8 3.14 25.14 8.80
(ENVIRO)
13 Operational efficiency (ECON) 37 6 3.38 20.27 8.31
Soft/Appropriate chemical use
14 45 7 3.36 23.49 8.22
(ENVIRO)
15 Grape demand (ECON) 23 5 3.85 19.24 7.89
16 Carbon footprint (ENVIRO) 26 6 3.10 18.58 6.50
17 Vine health (ECON) 27 5 3.15 15.74 6.45
18 Return of investment (ECON) 24 4 3.81 15.25 6.25
19 Training (SOCIAL) 37 8 3.19 2551 6.12
20 Erosion (ENVIRO) 23 5 3.48 17.39 6.09
21 Healthy work environment (SOCIAL) 42 7 3.40 23.81 571
22 Workers’ engagement (SOCIAL) 44 7 3.39 23.70 5.69
23 Community benefits (SOCIAL) 44 9 2.63 23.63 5.67
24 Soil organic carbon (ENVIRO) 30 5 3.23 16.17 5.66
Improving operational efficiency
25 25 5 2.68 13.40 5.49
(ECON)
Beyond legal standards for workers
26 42 7 3.20 22.42 5.38
(SOCIAL)
27 End price of wine (ECON) 26 4 3.19 12.77 5.24
28 Brand value (ECON) 28 4 3.18 12.71 521
29 Vine health (ENVIRO) 15 4 3.49 13.96 4.88
30 Happy neighbours (SOCIAL) 35 6 3.35 20.11 4.83
Operational/management continuous
31 19 4 3.42 13.68 4.79
improvement (ENVIRO)
32 High fruit quality production (ECON) 19 3 3.79 11.37 4.66

33 Winery profitability (ECON) 20 3 3.60 10.80 4.43
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Number of ANGT Participants’ Importance Adjusted Importance
Rank Sustainability Indicators
participants sessions Average Index Index
Compliance with labour laws
34 32 6 3.06 18.34 4.40
(SOCIAL)
35 Aesthetics (SOCIAL) 30 6 3.00 18.00 4.32
36 Happy workers (SOCIAL) 32 5 3.59 17.97 4.31
37 Labour costs (ECON) 16 3 3.44 10.31 4.23
38 Grape price (ECON) 16 3 331 9.94 4.07
39 Healthy work environment (ENVIRO) 18 4 2.86 11.44 4.01
40 Carbon footprint (ECON) 28 5 1.93 9.64 3.95
41 Inputs reduction (ECON) 23 4 2.39 9.57 3.92
42 Air quality (ENVIRO) 16 3 3.69 11.06 3.87
43 Recycling (ENVIRO) 22 4 2.73 10.91 3.82
44 Community health (ENVIRO) 13 3 3.46 10.38 3.63
45 Soil compaction (ENVIRO) 19 3 3.42 10.26 3.59
46 Land value (ECON) 27 3 2.89 8.67 3.55
Workers time off (injury/sick days)
47 23 4 3.67 14.67 3.52
(SOCIAL)
48 Succession planning (ECON) 20 3 2.85 8.55 351
49 Wine (SOCIAL) 24 4 3.54 14.17 3.40
50 Fuel use (ENVIRO) 17 3 3.18 9.53 3.34
51 Workers' housing (SOCIAL) 24 4 3.46 13.83 3.32
52 Production consistency (ECON) 11 2 4.00 8.00 3.28
53 Education (SOCIAL) 28 4 3.39 13.57 3.26
54 Record-keeping (ENVIRO) 18 3 2.89 8.67 3.03
55 Community health (SOCIAL) 31 5 2.42 12.10 2.90
56 Protective equipment (SOCIAL) 11 3 4.00 12.00 2.88
Ability to benchmark performance
57 21 3 2.33 7.00 2.87
(ECON)
58 Labour productivity (ECON) 12 2 3.50 7.00 2.87
59 Contracts (ECON) 15 2 3.27 6.53 2.68
Management continuous assessment
60 9 2 3.22 6.44 2.64
(ECON)
61 Vineyard design (ENVIRO) 16 2 3.63 7.25 254
Ratio input:output in farm (as close as
62 16 3 2.38 7.13 2.49
possible system) (ENVIRO)
63 Biological controls (ENVIRO) 12 2 3.50 7.00 2.45
64 Aesthetics (ENVIRO) 10 3 2.30 6.90 242
65 Certifications (SOCIAL) 18 3 3.19 9.58 2.30
66 Staff retention (ECON) 14 2 2.79 5.57 2.28
67 Certifications (ENVIRO) 13 2 321 6.41 2.24
68 Pesticide reduction (ENVIRO) 7 2 3.14 6.29 2.20
69 Capital replacement cost (ECON) 8 2 2.63 5.25 2.15
Use of (appropriate) cover crops
70 8 2 3.00 6.00 2.10

(ENVIRO)
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Table 4. Cont.
Rank Sustainability Indicators Number of ANGT Participants’ Importance Adjusted Importance

participants sessions Average Index Index

71 Workers productivity (SOCIAL) 14 3 2.64 7.93 1.90

72 Social events for workers (SOCIAL) 16 3 2.63 7.88 1.89

73 Business viability (SOCIAL) 13 2 3.85 7.69 1.85

74 Workers' ownership (SOCIAL) 15 2 3.13 6.27 1.50

75 Labour costs (SOCIAL) 11 2 2.73 5.45 131

76 Tourism (SOCIAL) 14 2 2.71 5.43 1.30

Figure 4 is a Pareto chart of the top 30 indicators ranked by the Adjusted Importance Index. There is
a particularly noticeable drop between grape demand (ranked 15th) and carbon footprint (environment,
ranked 16th). Because of that, the top 30 indicators were grouped in two sets (15 indicators each) to
produce two distinct logarithmic trend lines, identified as a and b. From the first to the 15th indicator
(grape demand), the importance of the indicators steadily decreases. From the 16th onwards, the decrease
in importance is more stable. Figure 4 shows that the first 15 indicators are well-fitted by an exponential
function, which gives an importance of 14.43 for the first indicator, reducing by 0.954 in a geometric
progression. The indicators from 16th onwards are well-fitted by a second exponential function, which
give an importance of 6.48 for the 16th indicator, reducing by 0.979 in a geometric progression. The last
indicator shown in this chart, happy neighbours (social), has an Adjusted Importance Index of 4.8 while

the index soil health (environment) indicator is three times larger.
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5.7. Recurrent Indicators

Recurrent indicators in different sustainability categories are shown in Table 5. Aesthetics, carbon
footprint, certifications, community health, healthy work environment, labour costs, and staff retention
are recurrent in at least two sustainability categories (Table 5). Most recurrences are between the
environmental and social lists. Aesthetics in the social category is 78% more important than in
environment. Carbon footprint (economic) is 39% less important than in the environment group.

Table 5. Recurrent indicators within sustainability categories.

Recurrent indicator Economic Environment Social
Adjusted Importance Index (All)
Aesthetics 2.42 4.32
Carbon footprint 3.95 6.50
Certifications 2.24 2.30
Community health 3.63 2.90
Healthy work environment 4.01 571
Labour costs 4.23 1.31
Staff retention 2.28 9.45

Certifications have about the same participants' average in both the environment and social categories.
However, the Adjusted Importance Index shows that certifications are slightly more important to the
social (All = 2.30) than to the environment (All = 2.24) list. Despite certifications emerging in two
different categories, it has a relatively low importance in comparative ranking against the top indicators.
This has implications for sustainability accounting and the auditing processes, since certification is the
direct result of an independent external auditing process.

The community health indicator is 25% more important in the environmental than social category.
Healthy work environment is 42% more important in the social category than in the environmental
category. There are only two indicators that are recurrent in the social and economic lists: labour costs
and staff retention. Labour costs are 223% more important in the economic than in the social category.
On the other hand, staff retention is 315% more important in the social than in the economic category.
Only one indicator is recurring in both economic and environmental categories: carbon footprint, which
IS 65% more important in the environmental category than in the economical.

6. Limitations

If something cannot be measured, it is unlikely it will be improved. During the Earth Summit in
Rio de Janeiro in 1992, the United Nations recognized the importance of indicators for helping
decision-making [29]. Indicators should be seen as the starting point of sustainability assessments, which
highlights a limitation of this research. In the context of this investigation, indicators are presented as
qualitative variables that, in context, will be quantified to fit the purpose and viewpoint of the proponents
of given assessment. This study achieves its objectives of proposing, but stops before developing,
appropriate measurements required in specific regional contexts to help individual organisations to
improve their sustainability outcomes. In reality, for widespread adoption of the indicators and their



Sustainability 2015, 7 8199

application to individual grape-growing regions, extended research is required to further develop the
proposed indicators in this study for specific, different contexts.

Sustainability outcomes are not easily measurable because of the complex interrelationship among
indicators and the lack of a consensual definition for sustainability. Indicator choices are subject to the
viewpoint and needs of the assessor [74], and this viewpoint needs to be explicitly expressed to ensure
accountability of sustainability assessments [34]. Additionally, indicator thresholds/reference levels are
context-dependent [30,70]. Type of crop, socio-economic environment, climate, and soil are the minimum
factors that need to be taken into account when establishing indicator thresholds or reference levels to
assess sustainability in agricultural systems.

This study is limited to New World wine regions. For future research, the methodology used to build
the indicators list could be used to investigate Old World wine regions, considering their context and
particularities, such as European Union regulations regarding plantings. The methodology could also be
extended beyond wine grapes to be applied to other crops.

7. Conclusions

Leaders of wine businesses in New World wine regions that have the most developed sustainability
programs for viticulture provided the data for this study to assess sustainability of vineyards at the
individual level. The participants were not only top-level managers and operators, but in many cases
were also involved with the development of sustainability assessments for their wine regions and
organisations. As a result, their knowledge and experience contributed directly to production of a
meaningful and useful list of indicators to assess sustainability in vineyards based on everyday, real-life
farm practices.

The ranked overall list of sustainability indicators was constructed to be representative of the views
and practices of wine-grape growers in New World wine regions. This ranked list provides indicators
for measurement of sustainability in a business context of limited resources for monitoring sustainability.
There are many indicators that could be used to monitor the sustainability status of an organisation and
we define a workable shortlist that enables indicative measurement based on a calculated Importance
Index. This allows individual organizations to measure their sustainability using a minimum number of
indicators that still give meaningful representation.

The list we present is consistent with various indicators proposed through different research methods
and programs worldwide; however, it reflects the perceptions and operations of everyday real vineyard
management, and the indicators have been ranked and assigned a measure of importance. This
bottom-up approach produced a shorter, more meaningful list of representative indicators that can be
used by managers to evaluate and improve their businesses. This empowers vineyard managers to work
their way down the list only to the point required to adequately give indicative measurements within
their context and resource limitations.

The literature review of indicator-based assessments shows that in discussions of sustainability
assessments of productive systems, the environmental component typically dominates. Our research
shows that this is unrealistic; and demonstrates that focusing on environmental sustainability alone
compromises the full understanding of the importance of the pursuit of equilibrium between the
environmental, social, and economic components and associated trade-offs over time [12]. Assessments
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considering the triple bottom line approach are necessary to assess the development, wealth, and
long-term welfare of any system. Economic and social factors are as essential as environmental
components in sustainability assessments.
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