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2.2. Data

Data on national TPES from fossil (coal, oil, natural gas), renewable, and other (mainly nuclear)
sources were extracted from the International Energy Agency’s World Indicators [40]. These data
were available in time series for a sample of 142 countries, accounting for more than 90% of the world
population at all points in time between 1970 and 2015 (and until 2050 in the United Nations’ low
variant population growth projection [64]).

Throughout the article, we refer to the shares of the three country groupings in the total sample
as global shares, and ask the reader to bear in mind that—because approximately 10% of the global
population is missing from our sample—true global shares would be slightly lower than the sample
shares that we discuss (Table 1).

3. Fossil Energy: A Global System that Cannot Be Universal

An energy transition to lower energy use increasingly met from renewable sources must form
part of a sustainability transformation. And yet, the fossil energy system is solidified rather than
challenged through the combination of sustained high levels of fossil energy supply in the mature
industrialized economies, the rapid growth of fossil fuel use in the maturation of the energy transition,
and decreasing shares of renewable energy in the transition latecomers.

3.1. Low Energy Supply in Fast-Growing Underdogs

More than 3 billion people—44% of the world’s population—live in countries with a late take-off
phase of the fossil energy transition and only 10% of global fossil energy supply. Half as many
(1.5 billion) live in countries with a complete transition to fossil fuels supplying five times as much
primary fossil energy (Figure 2). Per person, fossil TPES in the energy underdogs amounts to one-tenth
of that in the countries with a completed energy transition. These international disparities challenge
us to identify barriers to more equitable resource distribution: if energy supply in the countries with a
completed energy transition could be reduced to half its current level, supply in the energy underdogs
could be increased by a factor of 3.5 without increasing global supply, all else remaining equal.

Figure 2. In 2015, the energy underdogs had the lowest share in global total primary energy supply
(TPES) from fossil fuels and the highest share in population, while the 21% of the global population
that was living in countries that had completed their fossil energy transition accounted for 50% of
global fossil TPES. Source of data: International Energy Agency [40].
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International inequality in energy supply persists despite gradual reductions since the 1970s of
per capita fossil fuel supply in the countries with a completed energy transition and an increasing
per capita supply in the underdogs (Figure 3). At only 3.8 G]/cap in 1971, fossil TPES in the energy
underdogs was at a very low level (compared to 14.9 GJ/cap for the maturing and 170.9 GJ/cap for
the completed energy transition). At an average of 2.2% per year, population in the energy underdogs
grew more strongly than in either of the other two country groupings (1.4% and 1.3% per year).
Growth in fossil TPES (averaging 5.5% per year), however, was comparable to that in the countries
with a maturing energy transition (5.2%). Only in those countries that had already completed their
energy transition did population growth surpass growth in fossil TPES on average, causing a slight
decline in the per capita values.
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Figure 3. Between 1971 and 2015, fossil total primary energy supply (TPES) in Gigajoules per capita
(GJ/cap) stagnated at a very high level in the countries that had completed their energy transition by
1970. The countries in the maturation phase of the energy transition were characterized by high fossil
TPES and low population growth, causing per capita values to increase strongly. While fossil TPES
growth was even slightly higher in the energy underdogs, their higher population growth and very low
initial values did not translate this into the same high per capita gains. Source of data: International
Energy Agency [40].

Fossil energy supply beyond 20 GJ/cap is not systematically related to improved access to
electricity, but rather to higher levels of consumption [65]. While even well below 20 GJ/cap, countries
may provide high levels of access to electricity (in 2015: Tajikistan at 7 GJ /cap, Paraguay at 12 GJ/cap,
and Pakistan at 13 GJ/cap, for example), rates of access below 50% are common among the energy
underdogs (in Angola at 10 GJ/cap and the Republic of the Congo at 13 GJ/cap, for example).
Especially in rural areas and at the fringes of urban areas, unreliable or a lack of access to electricity
represents energy poverty with its many implications for the education, health, nutrition, and safety of
the population [44,45]. This is not to say that increased energy supply would automatically translate
into better energy access and associated improvements for the population. In countries that are
integrated into the global economy as suppliers of cheap raw materials and /or labor, the opposite may
be true, with gains in energy supply representing increased industrial production for export.

3.2. From Renewable to Fossil Energy and Back? Composition of Energy Supply

Not only the level of fossil energy supply, but also the role it plays in overall energy supply
is telling in terms of energy transition phases. Despite the considerable development of renewable
energy sources and the increased use of nuclear energy, the energy system in the countries that have
completed their transition to the fossil energy system remains dominated by fossil fuels (83% of TPES
in 2015; Figure 4). The energy underdogs were characterized by high shares of renewable and low
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shares of fossil energy in their (comparatively very low) total primary energy supply, especially at the
beginning of the period under investigation here. By 2015, the composition and per capita level of
energy supply in the underdogs were comparable to the 1971 values for the countries maturing their
energy transition.

Can we expect the energy underdogs to do in the next 50 years what the maturing transition
countries did in the last half century? Given the biophysical constraints on supply and sinks, this
appears increasingly unlikely. As those countries with a maturing energy transition add claims to
fossil resources for which demand is already high from the countries with a completed transition,
reserves are depleted, and anthropogenic climate change is exacerbated. Between 1971 and 2015,
the maturation phase of the energy transition consisted of increasing the energy supply by 64 GJ/cap.
The contribution of fossil energy to this growth was almost 15 times as high as the contribution of
renewable energy. The completion of the energy transition has—thus far—been characterized by very
high levels of energy supply that keep up with low population growth mainly through increased
fossil energy use with small contributions from renewable and nuclear energy. Individual countries
that strongly decreased the share of fossil energy in their supply were generally able to do so based
on a combination of renewable and nuclear energy sources (e.g., France, Switzerland, and Sweden).
Only three countries (Iceland, New Zealand, and Norway), representing 0.7% of the population in
the grouping with a completed energy transition, currently feature very high levels of renewable
energy. Not only is this a small pocket of the world, it is also a pocket of the global fossil energy
system. All three countries use hydro and/or geothermal power to generate electricity. Iceland and
New Zealand rely on extensive fossil energy systems elsewhere (of which Norway is an example)
as sources of their imports of petroleum and natural gas [39]. Neither the economic trajectories nor
the resource endowment of these countries can be generalized, not even amongst the high-income
industrialized economies. For the majority of the countries in our sample, representing over 90% of
the global population in 2015, high shares of renewable energy and high levels of energy supply are
incompatible. There is no blueprint for the underdogs to follow.
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Figure 4. Between 1971 and 2015, the share of renewable sources in the total primary energy supply
(TPES) increased only in the countries with a completed energy transition. Here, other energy sources
(almost exclusively nuclear energy) have also become relevant. The energy underdogs are characterized
by high shares of renewable energy, while the maturing energy transition was marked by renewable
energy shares displaced by fossil fuels. In absolute terms, growth in renewable energy supply (in 1018
Joules or Exajoules EJ) was most substantial in the energy underdogs, while fossil energy supply
increased most strongly during the energy transition maturation phase. Source of data: International

Energy Agency [40].
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Far be it from us to cite the inherently bad example of the fossil energy transition as pursued by
the world’s wealthy and wealthier countries as grounds on which the world’s poorest countries must
not pursue the same path. However, it does appear that the patterns of fossil energy use until today
have strained and drained our global environment and its resources to the extent that the option of
completing the fossil energy transition will not present itself to all countries [4-6].

3.3. What Would it Take? Thoughts on Completing or Abandoning the Fossil Energy Transition

If the underdogs’ fossil energy supply were to continue growing by 3.3% per year as it has done
on average since 1971, these countries would embark on the maturation period of their fossil energy
transition by 2050, reaching an average of approximately 50 GJ/cap of fossil TPES. Even if the countries
with a completed energy transition continue to gradually reduce their fossil TPES and the countries
now in the transition maturation follow suit, two things would have happened by 2050:

(1) The energy underdogs would still be global underdogs, with half of the per capita fossil energy
supply of the transition maturation countries, and one-third of the supply of the countries with a
completed energy transition.

(2) Limited reserves and dire environmental consequences of the continued fossil energy transition
would—if they had not precluded this development altogether—mean that this transition would
occur under conditions of extreme competition in a hazardous, toxic environment.

If the phases of the fossil energy transition were to play out globally, fossil TPES would reach just
below 700 EJ/a in 2050 (Figure 5), and would be twice as high as the 350 EJ that have been determined
as not altogether eliminating the chances of curbing anthropogenic global warming to two degrees [7].
Our very rough, conservative estimation is based on the United Nations Department of Economic
and Social Affairs [64] low variant population forecast until 2050, and would be even higher if we had
assumed stronger population growth. What it would take, only in terms of fossil fuel supply, in order
for countries to continue along the path of the fossil energy transition, will not realistically be given, or,
if so, it will be given under highly adverse conditions.
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Figure 5. In order for the fossil energy transition to continue (left-hand side), almost 700 Exajoules
(EJ) of fossil total primary energy supply (TPES) would be globally required by 2050, which is twice
as much as would allow for the possibility of limiting global warming to two degrees [7]. The energy
underdogs would barely reach the maturation phase of the transition by 2050. In order to supply an
average of 50 Gigajoules (GJ) of fossil energy per person (right-hand side), regardless of the countries’
transition phases, just over 400 EJ of fossil TPES would be globally required. All but the energy
underdogs would have to drastically reduce their fossil fuel supply. Sources of underlying data:
United Nations Department of Economic and Social Affairs [64] population forecast and International
Energy Agency [40] World Indicators.

For the energy underdogs to increase their fossil TPES to 50 GJ/cap by 2050 while all other
countries reduce their energy supply to this level would take approximately 400 EJ of fossil TPES in
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2050 (Figure 5), and generally fall within the overall consumption for a chance at the two-degree target.
“50 by 50” is not a target for a more equitable and efficient fossil energy system. It is a generalized
outcome that would require the transformation of the global energy system. At 50 GJ/cap, the emerging
economies could not continue being the mines, the factories, and the sweatshops of wealthy industrial
countries. At 50 GJ/cap, the wealthy industrial countries could not replace the fossil energy reductions
with renewable energy. At 50 GJ/cap, the energy underdogs would never develop full-fledged fossil
energy systems. If continuing the fossil energy transition is not an option, then alternatives must be
sought out and rapidly pursued. The world over, these alternatives require pushing back against the
fossil energy system. Maybe this is indeed the chance for the energy underdogs to come out on top,
simply because they have less to dismantle and repurpose, less capital tied up in roads and buildings
and factories and machines and gadgets that would largely become obsolete at 50 GJ/cap (or less) of
fossil energy supply.

4. The Challenge for Change

“50 by 50” (Figure 5) would require transformative change to the global energy system, including
the concerted international redistribution and reduction of fossil fuel-based energy. In the current
trajectory of the energy transition, we do not find sufficient evidence for the global cooperation,
prudence, and willingness to change that would have to precede such transformation.

If the change that might lead us to “50 by 50” is unrealistic, then sustaining the fossil energy
transition is just as unrealistic, if not more so. It is already clear that in order to even have a chance
of limiting global warming (to two degrees), the combustion of fossil energy carriers will have to be
drastically limited, leaving most of the known reserves untouched [7] and accepting the demands of
social movements to “leave the coal in the hole, the oil in the soil, and the tar sand in the land” [30,31].
However, the fossil energy transition depends on the unlimited availability of limited energy carriers,
the combustion of which threatens the inhabitability of our planet, and the distribution of which is
already and will increasingly be controlled violently.

A “Big Push” for renewables [57] that consists in harnessing wind and water to protect fossil
capital from shortages in coal and gas or as an investment opportunity for fossil profits may be a more
detrimental route up the hill than Sisyphus’. Renewable energy used to maintain the institutions on
which the fossil energy system is built further solidifies the fossil energy transition, as exemplified by
mega-projects based on large-scale investments and land deals that require access to massive electricity
grids with their established issues of access, control, and power [12,49,50,52].

For the energy underdogs to—in the words of our quantitative analysis—succeed in transitioning
from traditional to modern renewables at low but sufficient levels of supply and high levels of access
would constitute not only transformational but revolutionary change. Abandoning the fossil energy
transition is a direct challenge to existing political and economic institutions, both domestically and
internationally. Energy supply would focus on households rather than the industry and military.
A renewable energy system might not only enable but also necessitate leaving fossil fuels in the ground.
The direct [66] and indirect [13,67] provision of energy via trade from the Global South to the Global
North and from the hinterland to urban areas [68] would not be maintained. The oil supply crisis
that almost all of the mature industrialized and emerging economies are facing [4] might be further
exacerbated unless these countries, too, transform their energy systems.

It may not feel like we are on the precipice of established power relations toppling in such a
transformation. However, why should an energy system failing in a spectacular way to provide
“a good life for all within planetary boundaries” [36] even exist? Efforts to systematically reduce
and prioritize energy use in order to strengthen decentralized energy systems based on renewable
sources to meet people’s needs are strategically vital in breaking the momentum of the fossil energy
transition [11]. Where established institutions can be challenged to the extent that the fossil energy
transition can be abandoned, the global energy underdogs may come out on top. However, the battle
to this top—like any—is an uphill one.
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Abstract: This paper discusses the current state of thought amongst the Sustainability Indicator (SI)
community, what has been achieved and where we are succeeding and failing. Recent years have
witnessed the rise of “alternative facts” and “fake news” and this paper discusses how SlIs fit into this
maelstrom, especially as they are themselves designed to encapsulate complexity into condensed
signals and it has long been known that SIs can be selectively used to support polarized sides of
a debate. This paper draws from chapters in a new edited volume, the “Routledge Handbook of
Sustainability Indicators and Indices”, edited by the authors. The book has 34 chapters written by a
total of 59 SI experts from a wide range of backgrounds, and attempts to provide a picture of the past
and present, strengths and weaknesses of SI development today. This paper is an “analysis of those
analyses”—a mindful reflection on reflection, and an assessment of the malign and benign forces
at work in 2018 within the SI arena. Finally, we seek to identify where SIs may be going over the
coming, unpredictable years.

Keywords: sustainability indicators; gross domestic product; GDP; fake news; tweets

1. Introduction

“The moment we begin to fear the opinions of others and hesitate to tell the truth that is in
us, and from motives of policy are silent when we should speak, the divine floods of light
and life no longer flow into our souls”.

Elizabeth Cady Stanton

We argue in this paper, without trying to be alarmist, that a truly existential issue faces all of us in
the sustainable development community and, in this crisis of truth, Sustainability Indicators (SIs) are at
the epicentre, especially as given the breadth of concerns within sustainable development the variety
of what can be an SI is understandably immense. Here, we use the term “Sustainability Indicator”
to encompass indices (amalgams of indicators). We have also taken a liberal view of what could
be considered to be an “SI” given that sustainability spans the three pillars of social, economic and
environmental dimensions. Similarly, there is “no one SI to rule them all” (although some agencies have
arguably exhibited a Mordor-esqe attitude to SIs on occasion) but a wide diversity of approaches and
indicators, each emerging in their own time and space and designed to meet a defined set of objectives.
Thus, we have seen indices such as the Human Development Index (HDI), Ecological Footprint (EF)
and Environmental Performance Index (EPI) becoming popular and, at the time of writing, we have
the emergence of the targets and indicators linked to the Planetary Boundaries concept [1] as well
as the Sustainable Development Goals (SDGs). Indices (aggregations of indicators) such as the HDI
and EPI have evolved over time in response to feedback from researchers and practitioners, and the
ever-increasing availability of data (albeit of varying qualities and arguably still not enough) also acts
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as a spur to change. However, at their heart, we all know that indicators and indices are simplifying
tools designed to capture complexity and help convey information to specialists and non-specialists
alike. This is, of course, well known and there are many published examples spanning decades as
to how this process of simplification results in trade-offs; decisions to exclude and include; and to
manipulate data (for an early review, please see [2]). These are human decisions and, while they are
rationalized by their “owners”, they are nonetheless inherently subjective. It is acknowledged that
not all will agree with those decisions and the reader need look no further than the numerous debates
that have resonated over the years regarding the HDI let alone the EPI and its precursor called the
Environmental Sustainability Index (ESI). Morse [2] provided a summary of the debates surrounding
indices such as the HDI and EPI/ESL. We must accept that SIs are not “laws of nature” but human
constructs that reflect the biases, failings, intentions and worldview of their creators. In that sense,
because of the inherent subjectivity all indicators and indices can be labelled as “fake” by at least
someone and they can provide “evidence” (based on different biases, intentions, assumptions and
worldviews) to back it up. Needless to say, this “home truth” may be uncomfortable reading for those
of us in the indicator business.

The SI landscape is certainly a constantly shifting one, and, while much of what we have said in
the previous paragraph is well known, there are still many questions that need answers. Amongst
them are:

What is the current state of thought amongst the SI community?
What has been achieved and where were we succeeding and failing?
What challenges and threats face the informing agency at the heart of the SI process?

Most seriously and existentially for the indicator oeuvre, is there evidence of a fight on-going for
what we might call “the soul of facts”?

These were questions we had been asking ourselves, especially with the recent rise of “alternative
facts” and “fake news” [3], which take highly selective stances on what are “facts” and the Twitter
phenomenon where complexity is condensed into tweets of just a few hundred characters. “Fake news”
can be believed as “truth” by many people; it can indeed become “realer than real” [4]. At one level,
the rise of the fake news phenomenon in the 2000s is but a recent manifestation of the hoaxes portrayed
by writers such as Edgar Allan Poe in the 19th century. For example, Poe published a short story
(called the “Balloon Hoax”) in the form of a newspaper article that purported to describe the first
crossing of the Atlantic by a manned balloon. The story was very detailed and had a ring of plausibility
about it, hence it was believed by many who first read it in the Sun newspaper published in New York.
It was only later revealed to be a hoax. While Poe certainly did not invent hoaxes, he was one of the
first writers of science fiction and clearly had a fertile mind, even if some have since suggested that the
balloon hoax was derived from other written and contemporary sources [5]. What is different about
the fake news of today compared to the 19th century is its rapid spread and indeed democratization
via social media such as Facebook and Twitter [6]. Anyone with a Twitter account can now make up
their own news and the system facilitates its rapid spread via “re-tweeting”. Re-tweeting has a cascade,
even domino effect which means that a news item can literally be spread to millions of Twitter users
in seconds. How do SIs fit into all of this, especially as they are themselves designed to encapsulate
complexity into condensed signals and it has long been known that SIs can be selectively used to
support polarized sides of a debate? Indeed, are SIs the sustainability equivalent of “tweets”, fulfilling
an innate human thirst for rapid information that simplifies complexity? In addition, do SIs under
certain circumstances play into a desire amongst some for “alternative facts” which can be in some way
customized, even weaponized, to create “formations of terror” in receiving communities [7]? Are we
in a fight about the nature of facts without even knowing it? This post-truth debate has been going on
for a while now. In 2006, Steven Poole [8] and Anthony O’Hear [9] anticipated the rise of trivialization
and the demise of “truth” in public discourse in their respective books. The debates contained in these
books could now be said to have matured. An apparent “easy” answer to these questions rests with
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motivation. Those of us in the “indicator business” think of ourselves as having a good motive; we
want to help bring about a positive change. Hence, the indicators we develop and encourage others to
use are there with the very best of intentions. Poe knew he was writing a hoax and while the offices of
the Sun were besieged with people looking to get the “news” about the balloon crossing, Poe would
no doubt argue that he did not set out to hurt anyone. However, are the modern purveyors of fake
news purposely setting out to cause damage? Some may well, but it might surprise us how genuine
the motives are of those who create and spread such news. It should be noted here that this apparent
similarity between Sls and Twitter /Facebook domain of “quick” and “fake” news is not a similarity
the authors see as a fact, but that it is a fact that (biased) consumers in their echo chambers, and thus
significant parts of the public, may be unable to recognize the difference.

In 2014, a major publisher—Routledge—approached us and asked if we would be interested in
editing a book on SIs. With a combined experience of over 35 thirty years of effort and learning from
responses to our previous books and papers, we felt that this may well be an ideal opportunity to
reflect the history and theory of sustainability measurement, approaches and methods used, agencies
involved and critiques of where we are today and their intended use for “measuring the immeasurable”,
especially the awkward question as to whether Ss play into a desire for “alternative facts”. We begin
this paper with our analysis of the book and in particular the major points which emerged regarding
the future of SlIs, and what the authors felt was needed going forward from here. Following that,
we discuss some of the thoughts regarding the point we make above about the future of SIs in
this new era of “fake news” and “tweets”. These thoughts were informed by various points made
throughout the book as well as numerous email communications we have had with contributors since
2014, especially by some authors who were clearly frustrated with what they regarded as the current
state-of-play regarding “non-use” or arguably “misuse” of SIs. As we have noted above, this raises
some uncomfortable (perhaps) issues for those of us in the SI community. Without wishing to be
overly-provocative, are we also playing the same game as those who readily use the term “fake news”
at every opportunity that suits them and use “tweets” to get their messages out? Are we not in a glass
box and perhaps should we stop throwing stones?

2. The Book: An Analysis

2.1. A Brief Tour

In the book, 59 distinguished authors, many of them with decades of experience working on the
“coal face” of SI development, have contributed to map out their past experiences of SIs and reflect
on the future. To provide a summary of the topics covered in the book is never really an adequate
exposition of the richness of the original, and here we can only really set out some brief outlines of
the material and messages. We divided the book into four sections and 34 chapters, as shown in
Figure 1. The topics spanned the theory and history of SIs through to methods, agency experiences
and critical reflections. As editors we sought to avoid a book which simply acted as a shop window
for many “favourite” Sls, but wished to include a more nuanced perspective regarding the many years
of experience the indicator community has amassed with their use. Hence, there are two sections in
the book on experience and reflection.

We should emphasize here that our intention in this paper is not to offer a kind of book editorial
or summary, but instead we have utilized the material in the book as a source of information to address
the questions we set out regarding the future of SIs. In effect, this paper is an “analysis of analyses”,
and, given the material in the book is contemporary and reflective, it does provide a unique resource
on Sls.

Authors in the collection made various and wide-ranging suggestions regarding future work on
SIs, and we have focused on those points that stood out from the various conclusions reached by the
contributors. The points span the following;:

1. More case studies on the development/use of SIs
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Alternatives to Gross Domestic Product (GDP)
The growing confusion around data provision
The essential need for a more systemic perspective
Top-down versus bottom-up

AN e N

Issues around the aggregation of indicators

All of these cover long-established debates in the SI arena, of course, even if some have arguably
received more attention than others. Indeed, it should perhaps not be surprising that they emerged
again as strong points of discussion within the book. However, it was also clear from the chapters that
the debates had moved on and it is useful to set out some of the conclusions that were reached and
what we as editors can conclude from those conclusions.
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Figure 1. The structure of our book set in its environment.

2.2. More Case Studies on the Development/Use of Sustainability Indicators

Pintér et al. called for a “richer selection of case studies” to help create “practical and more useful
guidance” regarding Sustainability Assessment and Measurement Principles (STAMP) [10] and the book
had several “case study” chapters which discussed the development and application of SIs; examples
are chapters on experiences with the EPI in Malta [11] and SIs in Finland [12]. There is certainly a
need for more research of this type to allow for the identification of potential generic patterns as to
what works best, or not. However, case study-based research certainly has its critics and challenges,
as those of us who have tried to publish case study-based research findings have repeatedly found.
The dilemma, and one that is so often espoused by paper reviewers and journal editors, is that case
study findings are often not readily generalizable. Hence, they can be dismissed as being “context
specific”, and linked to a specific place and time. How can we derive more universal “truths” from
such work, especially in a world of publication metrics where impact factor (at the level of the journal)
and H-Index (at the level of the individual researcher) increasingly seem to dominate? Competition
for space in the best journals is increasingly intense and journal editors are looking for those papers
that will amplify the journal itself (often by promoting those who are already successful and therefore
less risky) and boost ratings? Given this competition for space, it is easy to appreciate how negative
comments from some reviewers can readily be seized upon and used to reject case study-based work.
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This is not the case for all case-study based papers, of course, and some reviewers and editors are more
amenable and supportive than are others, but we do nonetheless wonder how much is missed.

However, case studies have a place, and in the case of Sis, they allow us to understand much
more about that critical interface with SI users albeit, we accept, in what can be quite context-specific
spaces. Case studies can provide early examples of experiences which may become general trends,
weird results which provoke curiosity, even contradictions to the established opus of “truth”. Hence,
we agree with Pintér et al that a case-study based body of knowledge regarding Sls can allow for
new patterns to emerge (and old ones to be questioned) and that is why we were keen to include case
study experiences in the book [10]. What we perhaps need is a meta-analysis of SI use experiences,
but, to do this, we need the case studies to be peer reviewed and placed in the public domain. This is
very challenging work, as we note later in this paper, but also very valuable. The dilemma, of course,
is how to get such case study-based material on Sls reviewed and published. Maybe there is a need for
a new journal devoted to case studies in sustainability.

2.3. Alternatives to Gross Domestic Product

Dahl, in his chapter on the Contributions to the “Evolving Theory and Practice of Indicators
of Sustainability” [13], reiterated the need for alternative indicators to GDP and suggests material
flow analysis as an integrating approach in sustainability assessment. There are echoes here with
an intriguing call for a “New Bretton Woods” to help achieve a broad consensus regarding alternative
indicators to allow us to move beyond GDP and achieve “measures of what we really want and to achieve
these goals” [14]. However, while the “New Bretton Woods” idea is tantalizing, these calls to explore
alternatives to GDP have been with us for some years with little obvious success to date. Indeed,
one of the rationales for the HDI was as a counter-weight to the economic-based indicators that were
perceived by the United Nations Development Programme (UNDP) to be so dominant in assessing
development. Nonetheless, economic-based indicators still dominate in a world desperate to see the
return of economic growth and prosperity. We flag this issue to contribute to the amassing weight of
evidence that GDP does not provide the necessary or sufficient resilience for twenty first century needs.
However, the question is arguably not whether other indicators are needed but what they should be
and how to get them accepted in the light of experience to date.

2.4. Confusions in Data Provision

Some contributors to the book note the potential of indicators to help support environmental
decision-making but point to continuing problems of data limitation, even if there has been much
improvement and data are no longer as scarce as they once were [15-17]. We very much agree,
as without an adequate availability of good quality indicators there is a likelihood that indicators may
be deeply flawed and hence readily dismissed. Ulla Rosenstrom made the interesting observation
about how digitization has done little to improve the timeliness of data provision or it “created new
opportunities to measure sustainable development. Too much of the data is still presented on an
annual basis when more real-time databases could be created” [12].

The question, of course, is what it would take to achieve this. Collecting necessary data of the
required quality is likely to be resource-demanding and/or imagination challenging. At one level, we
have a profusion of data being collected of a good quality on a daily basis on mobile phones. However,
how do we lever this for SI purposes? It may be that what we have witnessed so far with digitization
is but a reflection of the limited capability of machines on the one hand and the creative imaginations
of researchers on the other, and as machines become more sophisticated, machine learning begins
to expand and researchers become more aware of the wealth of data incidentally collected second
by second by millions of people, then we may pass into a new age of automation, with machine
and human, digital and analogue combining to revolutionize the concept of the data needed for SIs.
Jean et al. provided an example of using machine learning to help predict poverty, using another tool
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(satellite imagery) which may well grow in importance for populating Sls especially in places where
resources to collect good quality data in the field may be lacking [18].

2.5. A systems Perspective

Walter Vermeulen suggested that “we need to build indicators and index systems based on a
clear guiding vision and key elements” [19] and, in a related vein, Rotz and Fraser called for a greater
acknowledgement that “conceptual and instrumental challenges” of sustainability and resilience are
deeply linked and that “indicators need to be nested in a broader analysis that helps to make sense
of context specific dynamics” [20]. Gilberto Gallopin also called for a more integrated approach that
considers linkages, synergies and antagonisms between goals and targets (and their associated Sls
of course) rather than simple listings under themes as we see with the Sustainable Development
Goals (SDGs) [21]. It is hard to disagree with that or indeed his sombre conclusion that “given that
linear thinking is still dominant in most institutions (including governments), the outlook is rather
pessimistic, at least in the short and medium term”. Herein rests a significant challenge that has been
with us for some time. It has been relatively easy for us to “talk the talk” of such systems approaches
to SIs, and we have also added out voices to this over the years, but linear thinking and desires to
strict accountability over relatively short time periods can work against “walking the talk”. Clearly,
the issues involved here are proving to be far more intractable than we would have thought over
20 years ago when we first began working on SIs. Breaking out of the “linear thinking” cultural
mindset arguably dominant since the advent of the first industrial revolution and prevalent as a
knee-jerk against risky ideas in most institutions clearly requires much more analysis as to why such
thinking has become so dominant in the first place. Some of it is no doubt driven by a legacy of innate
distrust of the individual in the world of work to “deliver” and a commensurate push for an apparent
accountability that makes sure “delivery” can be assessed. In this sense, SIs could be seen to be part
of a more general drive to crudely equate measurement with outcomes relating to inputs (no matter
how spurious the measurement method applied); as if any single input were ever responsible for one
single output. This delusion propagated by the management classes to spuriously link outcomes to
expenditure has been exemplified in the past by planning frameworks such as the “logical framework”
approach [22-26]. The “square peg” mindset of the “log frame” as developed in the 1980s and 1990s
might be said to have found a refined form in the SIs of recent times.

2.6. Top-Down vs. Bottom-Up

A further point linked to the systems perspective is the role of SIs in helping to facilitate the
development of an appreciation of what sustainability and resilience are in any particular context.
Hence, it is not solely a case of Sls being created as an operational output after an understanding of
sustainability and resilience has been arrived at, but SIs as a catalytic precursor to help facilitate such
an understanding. SIs can help ground such discussions and provide tangible representations of what
is seen as relevant and important. We have often advocated such a dialectic and others in the book
have also made the point. For example, Dwi Amalia Sari and colleagues in their chapter on Sls in
complex, multi-functional forest landscapes suggested that “the role of criteria and indicator processes
in these complex and contested situations is perhaps more to allow a structuring of the debate than to
provide a set of boxes to be ticked” [27].

However, one of the dilemma’s here is what to do with the SIs that emerge out of such a dialectic.
Once the SIs have allowed an “arrival” at an understanding and have no doubt passed through a
process of discussion, sieving and modification, then it is possible that they may not necessarily match
the SIs that have been set in a more “top-down and one-way” process by government or other experts.
This is certainly not to say that “top-down and one-way” Sls are bad or irrelevant; they may well
have a strong antecedence of their own and offer advantages such as cross-country and timeline
comparison. Simon Joss and Yvonne Rydin addressed this “bottom-up and dialectic”—“top-down
and one-way” space in the context of urban sustainability and come to understandable conclusion
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that: “What constitutes an appropriate balance between the standard aspects of urban sustainability
frameworks and the local variation of particular applications remains an open discussion in need of
ongoing conceptual and practical exploration” [28].

We very much agree with this sentiment and would postulate that, while much progress has been
made with participatory methodologies and their acceptance within interventions, there does indeed
still seem to be something of an unexplored boundary between SIs developed via such approaches
and those derived “top down” by experts. The dualism implicit in this may be false and, in the
“space” between experts and “people”, emerge many of the intriguing problems which provide the
wider environment for the SI discourse and project. This is surely a space in deep need of mindful
exploration. Either by intent or accident, experts can be perceived (perhaps even presented) as callous
and unworldly, indicators as symptoms of authority and even demagoguery, and the entire SI project
as an example of an educated and liberal elites conspiracy to enforce an agenda at variance with
common sense and social/economic needs. This remains a contaminating issue for the field but maybe
one which could be most richly mined in future research. Where there is contention, there should
research cluster.

2.7. Aggregation of Indicators

One of the fascinating aspects that emerges from the book chapters is the varied views on
aggregation of indicators into indices. Many of the chapters include examples where this has been
done, for example with the EPI [15] and a derivative of the HDI called the Human Sustainable
Development Index (HSDI) [29], but there are some stark warnings as well. As Jesinghaus passionately
put it, “Aggregation is evil when it gives mediatic power to numbers that do not deserve it” [30].
However, and perhaps surprising to us, we do not detect a clear consensus amongst the authors that
more integration is required, and Dahl when summarizing the outcomes of a UN Commission on
Sustainable Development (CSD) led process to identify SIs reflects this by noting that “despite repeated
requests from governments, reviews of progress, and the best efforts of the scientific community,
no consensus emerged on highly aggregated indices” [31]. This raises an interesting dilemma. On
the one hand, one of the “givens” often assumed in the indicator world is that aggregated indices
are useful tools as they help present complexity in simple ways. On the other hand, we all seem to
know the risks involved as aggregation can “hide” key decisions over what to aggregate and how
that can, in turn, significantly influence the result and any conclusions that emerge from it. Indeed,
the creators of the HDI say that they have resisted major changes to the index for that very reason
and go to great lengths to present “standardized” (in methodological terms) versions of the HDI to
allow for time-series comparisons [2]. However, it seems that the experts have yet to arrive at a clear
consensus, although this is not for the want of trying. We would argue that the work of Dahl regarding
what “consumers” of SIs want needs to be more fully developed: is there demand for aggregated
indices and are there patterns which exist in this demand between types of SI consumer?

However, the issue of aggregation takes us to the equally contentious issue of what is a fact? How
is an “aggregation of facts” contrived to be meaningful and how does meaning result in an action/
response which is in some way commensurate to the “fact” outlined in the aggregation? What is real
and what is fake in the SI world? This is a question that drives at the very heart of our interests in SIs,
and we provide some thoughts in the next section.

3. Fake Indicators?

Given that SIs occupy that nexus between developers and users, it seems almost inevitable that
there could be an element of selection-bias by the latter [32]. No matter the motives of the SI developers,
some people may indeed want to make selective use of them to convey a message. However, this is a
complex landscape. For example, in one of the first published studies of the use of SIs by government,
Herzi suggested that there are five categories of use [33]:

e Instrumental: Indicators inform decisions that have impacts
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e  Conceptual: Catalyse learning and understanding
e Tactical: Substitute for action and deflect criticism
e Symbolic: Ritualistic assurance

e  Political: Support a pre-determined position

The first two in the list are arguably the most “positive” uses in the sense that the SlIs seemed to
be linked to a desire for genuine improvement, while the other three are arguably more “negative” in
the sense that they seem to be about deflection, false assurance and support of entrenched positions
that may not necessarily be to the benefit of society as a whole. However, while the categories
may seem to be neat, the boundaries between them are blurred, and what one user may genuinely
regard as “instrumental” use of an SI another may vigorously regard as “political”. Thus, in any one
context, and with a suite of SIs available, it is not hard to imagine that different users would select
different Sls to address any of these uses. For the researcher, this may be something of an intriguing
and bewildering minefield, and an attempt to categorize the use of an SI cherished by one group
as “political”, while others may see it as “instrumental” or “conceptual”, can leave him/her open
to the claim of spreading “fake news”. Even if the process of categorization was opened-up to a
kind of democratic decision-making where the majority view rules, it is not guaranteed that those
in the minority would accept it and it is highly likely that at least some of them would not. Even so,
we may argue that it is the majority view which counts and a minority, even if vociferous, is still a
minority. After all, science may not be based on fiat but, in the world of Sis, fiat is arguably the only
game in town. However, here is another symptom of the complexity masked by indicators. Indicator
intention and application relates to psychological choices and these are deep waters worthy and in
need of exploration. For a topical example, the reader need look no further that the June 2016 “Brexit”
referendum and heated debate in the UK associated with it that continues to the time of writing. One of
the most oft-quoted phrases by those on the “leave” campaign (those in favour of Brexit) was that
the UK was the “5th largest economy” in the world and thus, by extrapolation, well-able to flourish
outside of the EU. The phrase was often repeated and is still a key element of the Brexiteers (those who
support Brexit) lexicon. The phrase is claimed to be based on a metric and statistics but is it true?

Well, of course, much depends on the measures one uses to represent the size of the “economy”.
Economies can be measured in various ways and the World Bank has been collating such information
for many years with data readily available at https:/ /data.worldbank.org/. Several indicators could
be employed but here we have focused on just four. In each case, the indicator is founded upon the
Gross Domestic Product (GDP) where, using the World Banks definition:

GDP is the sum of gross value added by all resident producers in the economy plus any
product taxes and minus any subsidies not included in the value of the products. It is
calculated without making deductions for depreciation of fabricated assets or for depletion
and degradation of natural resources. [34]

In effect, GDP calculated on the basis of expenditure is given by:
GDP (expenditure) = C + G + [ + (EX — IM) 1)

where C is the consumers’ expenditure on goods and services; G is the government expenditure on
goods and services; I is investment; EX is exports; and IM is imports.

The balance of these components will vary across economies [2]. In essence, the assumption here
is that the higher the level of GDP then the greater the “size” of the economy, with an additional
implied assumption that, the bigger the GDP, the better. Jesinghaus certainly made a good case for
treating GDP with care when it comes to sustainable development and care does need to be taken
in assuming that GDP growth is always a good thing, at least for most of a population, as much
depends on distribution [30]. As Peter Bartelmus has noted, the GDP has often been “accused of being
a misleading measure of well-being” [35]. Clearly, it is not such a measure and was never intended
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to be; unfortunately, it has become the key barometer of national economic performance and, in the
minds of many, this is very much associated with well-being. However, is GDP an SI? It does, of course,
sit within the economic domain often included in sustainable development. However, it needs to
be noted here that, while GDP may not be unanimously regarded as an SI, it has certainly found its
way into indices often considered to be part of the SI stable, such as the HDI (where GDP/capita is
regarded as a measure of “income”) and even within components of the Environmental Sustainability
Index (ESI), the precursor of the EPI. In addition, GDP is often used as an independent variable for
exploring environmental performance, as with the Environmental Kuznet Curve models [2]. It needs
to be stressed that GDP is not itself a “bad” indicator, and, as Bartelmus noted, we do need to be careful
not to discard the GDP: “There is indeed no other place where standardized measures of economic
activities can be found and presented to policy makers in a meaningful “nutshell”. Individuals,
corporations, and trade unions can compare information on their economic situation and prospects
with those of their own country and other nations” [35].

One can indeed use the GDP for international comparisons by converting local currencies to the
U.S.$ using exchange rates (GDP current U.S.$). However, a complication, of course, is that the size of
a country’s GDP expressed as U.S.$ could fluctuate over time as the exchange rate fluctuates. To allow
for fluctuations in relative currency value over time, caused by inflation for example, GDP could be
based on a single reference point and the World Bank provide an estimate of GDP using exchange
rates for 2010. A further refinement is to adjust the GDP to allow for changes in the “purchasing
power” of currencies, which is referred to as Purchasing Power Parity (PPP). Purchasing Power Parity
is much more than a simple adjustment for exchange rate and is based on the knowledge that one
US$ will buy different quantities of goods and services across the globe. As the World Bank define
it: “Purchasing Power Parity GDP is gross domestic product converted to international dollars using
purchasing power parity rates. An international dollar has the same purchasing power over GDP as
the U.S. dollar has in the United States.”

Purchasing Power Parity adjusted GDP could also be based on current exchange rates and
an exchange rate fixed to one particular year (as above). Table 1 provides a summary of the four
indicators. Using these four indicators of economy “size”, the ranking of the UK amongst the countries
of the globe is shown in Figure 2. The numbers of newspaper articles published each year that
mention the phrases “5th largest economy” and “fifth largest economy” in relation to the UK are
also shown. These data have come from the Nexis database of global media publications (https:
//www.lexisnexis.com/en-us/products/nexis.page) but specifically searching newspapers where
these phrases appears in English referring to the UK. The Nexis database has been applied in several
published studies designed to explore reporting of indicators in the media [36-39]. Unsurprisingly,
the number of “mentions” of the phrase surged in 2016, and is also higher than the 2010-2014 norm
in 2015 when speculation over the referendum was rife and in 2017 as the UK started negotiating
the terms of its exit from the EU. Prior to the 2015-2017 period, the terms appeared in the press, but
the incidence was less than 100 articles per annum. Immediately after the referendum result in 2016,
the value of the Pound Sterling fell by 10% against the U.S.$; indeed, it hit a 31 year low, and this
would have affected the value of the GDP calculation expressed in US$ and the country’s ranking in
the “size of the economy” league tables.

However, does the use of the “5th largest economy” term match the reality? Well, with GDP
(expressed as current U.S.$) and GDP (expressed as constant 2010 US$), the answer seems to be “no”
The UK tends to fluctuate between 6th and 7th between 2010 and 2016, although it did hit a peak of
5th in 2015 for the GDP (current U.S.$) indicator. Nonetheless the “5th largest economy” claim that
was so loudly proclaimed in 2016 is hardly convincing. However, let us provide some benefit of the
doubt here, as such calculations are complex and say that the GDP (current U.S.$) and GDP (constant
2010 U.S.9) are at least in the right ballpark and the ranking based on GDP (current U.S.$) is close to
being true. Nonetheless, “fifth” does obviously sound better than claims of “sixth” or “seventh”.
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Table 1. Summary of four indicators of economic “size”. Purchasing Power Parity (PPP) [40] .

Indicator Name

Notes (as Provided by the World Bank for Each Indicator)

GDP (constant 2010 U.S.$)

Data are in constant 2010 U.S. dollars. Dollar figures for GDP are
converted from domestic currencies using 2010 official exchange
rates. For a few countries where the official exchange rate does
not reflect the rate effectively applied to actual foreign exchange
transactions, an alternative conversion factor is used.

GDP (current U.S.$)

Data are in current U.S. dollars. Dollar figures for GDP are
converted from domestic currencies using single year official
exchange rates. For a few countries where the official exchange
rate does not reflect the rate effectively applied to actual foreign
exchange transactions, an alternative conversion factor is used.

GDP, PPP (constant 2011 international $)

Data are in constant 2011 international dollars.

GDP, PPP (current international $)

Data are in current international dollars. For most economies
PPP figures are extrapolated from the 2011 International
Comparison Program (ICP) benchmark estimates or imputed
using a statistical model based on the 2011 ICP. For 47 high- and
upper middle-income economies, conversion factors are
provided by Eurostat and the Organisation for Economic
Co-operation and Development (OECD).

Indicator Rank

Year
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Figure 2. Four indicators of measuring the size of the UK economy and the rank of the UK in the global

“league table” using those measures [40].

However, the same cannot be said of the two GDP indicators adjusted for purchasing power,
a commonly applied technique for adjusting GDP over many years [41]. With these PPP-adjusted
measures, the UK typically ranks between 9th and 10th—some considerable distance away from
the “5th largest economy” claim. However, in fairness, it should be noted that PPP has attracted
criticism from some economists [42], although there is logic in the notion that PPP adjustments allow
for differing purchasing power across economies, and hence reduce any distortions that might arise.
However, there is little, if any, evidence to suggest that the PPP adjustment GDPs were employed
by those advocating for Brexit. Similarly, while Figure 2 does not include the figures if the GDP
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and GDP PPP are calculated on a per capita basis, the UK ranks even lower in those “league table”.
Per capita adjustments allow for the fact that the value of the GDP may be linked to population size:
the more people there are then the greater the flow of money in the system. This is not always the
case, of course, and can distort the rankings as countries with small populations and low corporate tax
regimes can rank very high purely because companies introduce processes to ensure that a lot of their
taxable income flows through them, but it is a widely used adjustment of GDP nonetheless. The HDI,
for example, uses the GDP PPP adjusted on a per capita basis and has long argued in favour of that as
an indicator of income even if the HDI engineers have sought to cap high values of GDP PPP/capita
in various ways to prevent a distorting effect on the index [37]. However, all of these adjustments
were ignored by the Brexit supporters and instead the focus was on the most “favourable” measure for
their case—the GDP based on current US$. They would regard this as an “instrumental” use of the
indicator as it was being used by them to help inform an important decision. Others, based upon the
evidence presented above, may see it as more of a symbolic or ritual use.

We as SI developers and practitioners should not be surprised by any of this, and indeed it
does have to be stressed that, while we have used the Brexit “hot house” period of intense debate to
illustrate the selective used of indicators, this is by no means an issue solely linked to that time and
place. It goes with the “indicator territory” and we must accept, whether we like it or not, that the
indicators we develop or promote may be “used” in ways that we did not intend or that users may
be highly selective in their choices [32]. Indicators do not have any special privileges in the complex,
“messy” real world of decision making where those who take the decisions are being influenced by
implicit and explicit concerns and pressures, and it would naive to think that an SI, no matter how
well-crafted or presented, would be a sole, pure source of influence. Even efforts to develop neat
looking typologies of SI use have to contend with a multitude of interactions and forces as well as
multiple perspectives on what our apparently “well defined” categories mean. In a sense, we are part
of that mess and are playing the same game as everyone else; maybe we just do not reflect on it as much
as we should. As Rotz and Fraser noted: “we must remain focused on understanding the conditions
within which sustainability and resilience get manipulated in the interests of political-economic and
social empowerment and capital accumulation. How are these concepts deployed by different groups,
and for what possible ends?” [20].

If we wish to produce an SI that will somehow be above all of this, then maybe we would be
chasing the end of a rainbow—we would be seeking to “know” in a manner which is culturally
and ethically “neutral”. As social and psychological actors in the world with innumerable stakes in
outcomes of diverse kinds this can never be possible. In the same vein, if we are in the business of
producing indicators to help make a difference by influencing those with power then we must expect
that power to also have an impact on the uses it puts to those indicators. We cannot have it both ways.
Decision-making is a complex process and decision-makers will be subject to many influences and
motives. However, does this mean that we have to stop trying and accept that we will always be
producing and promoting “fake” indicators, at least in the eyes of some? Well no—not at all. We live in
a world where many (rapidly becoming “most”) people get their news from social media outlets such
as WhatsApp, LinkedIn, Twitter and Facebook. This context demands that complex events be reduced
to “Tweets” of just a few hundred characters. Such simplifications are pernicious and viral. They can
influence the thinking of many people. At the time of writing, Twitter has over 300 million “active”
users across most countries of the globe, and the President of the USA (perhaps the most influential
global citizen) is using it to get highly subjective points over directly to the public—presenting as
truth—and it seems will readily re-tweet “news” without necessarily checking its veracity.

There is an appetite for communication tools that seek to present complexity in ways that busy
people can interact with but with simplification come consequences. To some extent SIs are trying
to do the same thing and there is also an appetite for them, but as with Twitter there are profound
dangers to the consumers of such simplification. This brings us neatly into what we think the messages
in the book tell us about the future of SIs.
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4. Discussion and Tentative Conclusions

What conclusions can we come to regarding the future of SIs based upon material provided by
contributors to the new book on SIs? Do we see any resonance between Sls and the world of “fake
news” and “tweets”? Do SIs play into a desire amongst some for “alternative facts”? Are we in
the SI community living in a glass box and should we stop throwing stones? Indeed, what is the
future of SIs? Well, it would appear we are in something of a fight on a number of fronts, spanning
familiar battlefields such as aggregation, stakeholder participation and the need for good quality data
to less-well trodden territory such as the need for more published case studies on the use of SIs so
insights can be drawn. There is no other way of putting it. However, perhaps the front that is of
greatest concern to us is a fight of an existential nature in terms of reasonably objective and verifiable
facts as counters to the “fake news” agenda. We recognize the reality that interest groups will always
make selective and distorted use of indicators. That is the price we pay for being human beings
involved in the objective/ subjective indicator business. Thus, we would like to see a greater emphasis
in research on the space between production and use. Specifically, the uses to which SIs are put and
how that information can feed back into the development and presentation of SIs. As Giangiacomo
Bravo succinctly put it: “Any index inevitably is the product of a number of more or less arbitrary
choices (not only scientific ones, since politics often plays a major role)” [29].

From what we have seen before, clearly, there is no magic bullet or one-size-fits-all here; no SI can
ever be made immune to all manner of intended and accidental distortion and we need to be aware of
our own biases. This is a point echoed by Joachim H. Spangenberg:

Indicator users should be aware of the limitations each indicator, index or indicator system
has, partly from the method of calculation, but also from the often-hidden assumptions
inherent to the world views from which they have been derived. Practitioners should
choose and combine the indicators they use carefully, being fully aware of these biases
and their impacts on both the measurement and the messages derived from it, implicitly
or explicitly [43].

Sls are, after all, human constructs and their development and use can be subject to the same
biases that drive the “echo chambers” we see in Twitter and Facebook. However, that human fallibility
must not dissuade us for further development of Sls and seeking new ways for presenting them to
a defined group (or groups) of consumer(s). We just need to be more reflective in our assumptions,
smarter in our use and have a better sense who our consumers are, what they are looking for and how
we can best help. To date, SI development has been almost entirely “creator-led” with little, if any,
input from consumers of those SIs—those we intend to use them. That balance needs to shift so that
we as creators move towards a model of co-creation with the voices of SI consumers being part of
the process. This is not a new call, of course, and we amongst many others have been saying it for
years, including Almassy and Pinter [44], but we still feel that much more progress is required and for
us this is a key element in the future of SIs. As Ulla Rosenstrom has noted: “good indicators are of
little influence and importance if they are not used in any way. Although use does not guarantee the
desired influence, aiming at use is well argued for. Hence efforts to create opportunities for use and
disseminating information remain crucial” [12].

The “Indicator Policy Fact Sheets” proposed by Janouskova et.al are one tangible suggestion to
“help SI users (most often decision- and policy-makers) choose and use the most appropriate indicators
for assessing particular sustainability issues” [45]. However, maybe there is a deeper issue at the
heart of this issue. Maybe the indicator community (along with many other areas of rationalism)
were labouring under a misapprehension that we are, as Steven Pinker suggested in his opus—"“The
Better Angels of our Natures” [46]—living in a more rational world. A world where instinctive and
knee jerk reactions are beginning to fade out in the on-rush of rational and objective decision making.
Of course, this has been a dream for time out of mind. Since Plato’s “Philosopher Kings” through to
Saint Simon and Auguste Comte’s concepts of a new social doctrine based on science and today’s
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algorithmic governance by global data corps such as Facebook, humankind has sought what we may
consider to be an illusion of a rational world. A world governed by clear data, un-contestable facts and
wise administration. To some extent the whole SI debate might be seen as a sub-set of this project—a
rationalizing project to save human beings from their instinctive and irrational selves.

Sadly, this does not seem to be working terribly well. Plato’s Republic remains a paper dream
only, Saint Simon and Comte’s technocracy could not dispel the terror of the French Revolution and
the power of global algorithms raise as much “1984” and “Brave New World” angst as they do hopes
for a better world. Indeed, the total transparency which Facebook might be argued and provoking,
mimicked and played to horrific levels in David Egers book “The Circle” appears only as a nightmare
of algorithm-led social engineering. Knee-jerk reactions, the denial of “evidence-based facts” with
disdain, the assumption of subjective “truth” and the trust in instinct seems to be prevalent and has
been argued to lead to more terror and even an amplification of terror based on compounding cycles
of unreasonable social fear [7].

The experiences of the authors of this book with the complexity of the indicator/indices fields,
the short comings of any statistical means to address complex truths, the uneven and evolving nature
of the field and the issues of objectivity and subjectivity remain as on-going strategic and tactical issues,
logistic complexities set against a much more troubling background—the human proclivity to the
irrational and the dupes of the sellers of snake oil. While the challenges arising from the (necessary
and intentional) simplification, and the questions of manipulation and instrumentalisation associated
with SIs are not new, they have arguably gained new urgency far beyond the statistical and policy
advisory professions in the context of the age of “fake news”.

The arguments we set out in this paper bear witness to the long, hard and arduous task of
understanding—understanding how human beings interact with social, technical and environmental
issues, and how the psychology of the human attempts to measure the immeasurable and make sense
of the world so that in the future there will be a world to make sense of. It is a testimony to the noble
attempt at the measurement of the immeasurable. They are a step towards sustainability, resilience and
what we have called elsewhere “the saving of the human project” [47]. On the road so far, great progress
has been made. Hosts of indicators and indices have been constructed to try and influence people
with power (including the public) to do wiser things. There remains important second order work to
engage with. This can be framed in terms of continuing reflection on the formulation of indicators by
experts and communities, the strategic, tactical and operational value and targeting of indicators and
the development of forms of assessment. All of these have been mulled over but the mulling is in its
infancy and has not as yet taken into account the fearsome push-back of those hostile to the sense of
the SI project. We must not forget, we are in an existential fight.

We are not at the end of the SI process, but we may be at the end of the beginning. Battle lines are
still being drawn up.
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Abstract: Sustainability assessment approaches could support all levels of decision-making and
policy processes (including strategies, policies, plans, programs, projects, and activities/operations),
thus improving the management of natural and human systems. Sustainability Indicators (SIs) have
been extensively used to assess and communicate the progress toward sustainable development.
However, despite all the SI initiatives and the well-known advantages and popularity, several risks
have been pointed out, so there is a need to rethink the current state of SIs and build visions that
could reshape the indicator reality. The main goal of this research is to develop a constructive debate
around the possible futures and paths of SIs’, by conducting a critical analysis of a set of challenges
and opportunities identified by the literature. This was explored through a critical perspective and
viewpoint article that discusses what could be some of the new frontiers and paradigms in SIs.
Exploratory research supported by a combination of methods was conducted, consisting of a search
of the literature and qualitative document analysis, followed by an assessment procedure based
upon an evaluation ranking scale. The classification scale integrated three main criteria of valuation:
Relevancy, feasibility, and societal impacts. The findings showed that most of the challenges and
opportunities analyzed are old and mainly technically oriented, with a low potential impact on
society, including end-users and practitioners. The majority of the challenges have low-to-medium
feasibility, showing that there would be difficulty in implementing them, and so they should be
improved or redesigned. A set of key questions on SIs’ futures is proposed, aiming to represent a
critical view of the relevant challenges and opportunities analyzed, but underpinned and observed
from a crosscutting angle, represented by the societal role. The SI research community should be
ready to adapt ways of thinking and doing, responding to new global and local paradigms and
using transdisciplinary collaborative scientific development and innovation as the foundations for
the change process, wherein communities and the individual have central roles to play.

Keywords: sustainable development; indicators; stakeholders; goals; challenges; opportunities;
societal impact

1. Introduction

In the monitoring, assessment, and reporting of sustainability, one of the main ends is to support
decision-making and policy processes, thus improving the management of socio-ecological systems and
achieving more sustainable outcomes with fewer negative effects, as discussed by several authors [1-3].
In addition, to support policy development and management strategies, sustainability evaluation,
reporting, and governance initiatives should integrate and reflect the uncertainty and complexities of
human and natural system interactions, and face global challenges toward sustainable development [4].
Despite the existence of several non-consensual definitions, interpretations, and methods [5], the term
"sustainability assessment” is often used to refer to ex post and forward-looking ex ante approaches [6],
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aiming to characterize the sustainability state (covering the environmental, social, economic, and
institutional /governance dimensions) of a current implemented situation or to predict the potential
effects of an activity prior to its implementation, respectively. Sustainability assessments can support
decision-making processes, playing a role in the strategic and operational levels of planning and
project processes, including policies, plans, programs, projects, and activities or operations that address
sustainable development goals and targets, independently of their specific context and mission.

There is a significant diversity of methods and tools to assess and report sustainable development
(SD). However, indicators are one of the approaches most used, playing a central role in the
sustainability assessment of every decision-making process, as noted by Sala [7] and Pope [5], in
particular to communicate sustainability performance to stakeholders [8]. Nevertheless, at the same
time, sustainability assessment theoretical approaches and practice are currently in a relative initial
phase of development [9], where early practice is being adapted to fit new situations and new contexts.
Practice has not yet reached a situation where particular methods or approaches are proven to
work well.

Despite the current importance and popularity of indicators at an international level [10,11], their
development and use is not very recent, since some of the first important references date from the 1970s,
for instance, [12-14] mainly focusing on the environmental aspects. In the last decades, there has been a
proliferation of sustainability indicator initiatives worldwide (e.g., [15-17]), often labelled and criticized
as an “indicator factory” that produces countless initiatives, which mainly serve the individuals or
organisations closely involved in designing, producing, and disseminating indicators, as discussed by
Rinne et al. [18]. They range from global to local and citizen levels, including transnational, national
(countries), regional (e.g., states, regions, provinces), local (e.g., municipalities, cities, localities),
organizational (e.g., companies, public agencies, universities, non-governmental organizations),
economic sectors (e.g., energy, transports, agriculture), households, communities/families, and
individuals, as well as ecosystems.

The massive literature and the uncoordinated and independent practice on sustainability
indicators (SIs) have brought no consensus around methodologies—not even agreements on conceptual
frameworks, or clarifications of the different terms. As noted by Bell and Morse [19], numerous books,
articles and reports have been written, attesting to the popularity and relevance of the field, and
yet very few resources exist that tell the full story of the SI phenomenon. Several authors insist
that the way forward for Sls should be stronger harmonization at different territorial /organization
levels and functions (e.g., [20,21]). Others argue that sustainability indicators must incorporate
sufficient flexibility, yet still be culturally and universally appropriate, emphasizing the need to develop
tailor-made approaches [22]. There is a will to channel diversity and at the same time standardize some
concepts and methods. SIs have also been criticized for trying to assess sustainability complexities
through quantitative and restricted indicator approaches, but mostly for being ineffective in changing
decision-making processes and outcomes [23].

Related to the specific challenges, threats, and opportunities of the past, current and future roles
for SIs are the use of different definitions of the terms sustainable development (SD), sustainability,
and indicators, which have been explored over the past decades. As discussed by Bolis et al. [24], the
conceptual complexity is significant when dealing with sustainability, since this concept means many
things to different people, and this diversity of meaning tends to increase over time. The concept of SD
is charged with uncertainties and complexities, as it involves and balances several different dimensions.
As stressed by Hussey et al. [25] and Lozano [26], SD-related terms have been considered subjective,
complex, controversial, and open-ended, and the indicator terminology is still rather confusing and not
well established [27]. Since the indicator movement and boom that started in the early 1990s [24], the
term ”indicator” has been used rather loosely to include almost any sort of quantitative information or
statistic [28].

Sls reflect the issues and paradigms that have been most studied in practice. However, as
highlighted by Ramos [17] and Viegas et al. [29], sustainability frontiers should also be built upon
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non-traditional aspects of sustainability, including immaterial values of sustainability, such as ethics,
culture, esthetics, justice, compassion, mutual help, moderation, and solidarity. Sustainability indicator
research and practical approaches have to be transdisciplinary and flexible in order to include
emerging issues and deal with aspects that have been overlooked in previous research. As explored by
Lang et al. [30], to deal with real-world problems, as well as with the goals of sustainability science as
a transformational scientific field, approaches like transdisciplinary, community-based, interactive, or
participatory research are often suggested as appropriate means.

Conventional SIs and related tools have long been used to assess sustainability, and much progress
has been achieved. However, it has become necessary to start rethinking their roles and applicability.
The approval of the 2030 Agenda for Sustainable Development at the United Nations (UN) with 17
Sustainable Development Goals (SDGs), 169 targets, and 232 indicators [31] represents a paramount
opportunity for transitions to new paradigms and ways of thinking in assessing sustainability.
Despite their weaknesses and limitations (see, e.g., Spangenberg [32]), SGDs create visibility for
SlIs, where indicator-based assessments are presented as key evidence-based approaches to support
SDG implementation and benchmarking [33], giving room for research, innovation, and change.

As noted by Bell and Morse [19] (pp. 1), “we have never been so much in need of indicators to
assess, in an impartial and confirmable manner, the outlines of our changing, developing, resilient, and
threatened world,” in a growing “post-truth reality.” There is a decline in official data and information
credibility, where objective facts are less influential in shaping public views. Therefore, desires and
opinions appeal to emotion and personal beliefs, calling for a sustainability assessment change of
paradigm. The official truth provided by raw data, statistics, and indicators should be able to integrate
and weight non-official inputs, such as societal values, aspirations, desires, perceptions, opinions, and
ultimately data collected by stakeholders, as explored by Coutinho et al. [34] and Domingues et al. [35],
in a balanced and trustworthy approach. Social or multi-stakeholder collaborative networks, as
presented in Kelly and Moles [36], could play an important role is these processes.

In the last 40 years, various studies have identified and discussed the strengths and weaknesses
of Sls, addressing the most relevant challenges. Some of those major challenges are related to the
use of indicators [3,37], with the need to define clear, simple, and robust frameworks for presenting
the indicators, and supported by the engagement of those who are involved in the indicator process,
including the potential users. Recent works repeated these attempts and systematized a vast array of
challenges and opportunities for Ss, e.g., [38]. However, when analyzing those lists, and despite the
value of several of the identified items noted by the international literature analyzed in the work of
Verma and Raghubanshi [38], several of them are too general, outdated, redundant, and somewhat
blurred. This is also true for the discussion around the specific challenge of SI selection criteria,
where most related indicator studies keep using and recommending a substantial number of criteria.
As demonstrated by several authors, e.g., [39-42], the vast number of SI selection criteria causes
significant complexity and ineffectiveness, and is often associated with subjectivity, redundancy, and
alienation from the reality of indicator practice. Therefore, it has been increasingly assumed that
indicator development and selection criteria should be tested and evaluated, through assessment by
the end-users and other stakeholders [41,43], for example to ascertain their importance to select Sls,
confronting their theoretical grounds and the potential relevance versus their practical effectiveness
and usefulness.

The main goal of this research was to develop a constructive debate around the possible futures
and paths of SIs’, conducting a critical analysis of a set of challenges and opportunities identified by
the literature. This was explored through a critical perspective and viewpoint article that discusses
what could be some of the new frontiers and paradigms in Sls.

This paper is organized as follows: After the introduction, which presents an overview of and
international context for the research, the research gap is presented, including the fundamentals to
discuss indicator challenges and opportunities. Then the main research goal is detailed. In Section 2,
the methods used to develop the research are outlined, followed by Section 3, with the main findings
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and discussion of new SIs frontiers and paradigms. In Section 4, final remarks are presented, and the
contribution to knowledge and the paper’s implications are highlighted.

2. Methodological Approach

Inductive-exploratory research was conducted through a combination of methods, consisting of
a search of the literature and qualitative document analysis, followed by an assessment procedure
supported by an evaluation ranking scale, as discussed by Saunders et al. [44].

The document analysis focused mainly on the scientific literature on approaches, concepts,
methods, and frameworks, or case study applications that deal with assessing and reporting
sustainability through indicator initiatives. This analysis was essentially comparative of the main SI
challenges and opportunities identified. It was explored whether and how they overcome the major
drawbacks and limitations of SIs, looking at differences, highlights, and novelties between documents.
Although the search procedure mainly followed a subjective approach, rather than systematic, it took
into consideration a minimum level of regularity in the analyzed literature that covered SIs’ challenges
and opportunities. Issues that are seldom pointed out, not clearly presented, or not well grounded
were not included in the analysis. To identify and review the selected documents, the keywords
challenges, limitations, drawbacks, opportunities, strengths, weaknesses, threats, sustainability indicators, and
sustainable development indicators were particularly considered to support this exploratory analysis.

A critical evaluation of a set of challenges and opportunities was then conducted. The criteria
used to support the analysis were Relevancy, covering technical and scientific importance, Feasibility,
covering the possibility of implementation and operability, as explored by Ramos et al. [27], and
Societal Impacts, related to the usefulness to society in terms of SD desires, aspirations, values, and
needs. Therefore, elements such as potential community added value, contribution to public policies,
and initiatives and contribution to community sustainable development objectives, as identified in
Bornmann (2012) [45], were included in the analysis of this third criterion. A ranking scale of Poor,
Moderate, and High, varying from low to high values of Relevancy, Feasibility, and Societal Impacts,
was used to evaluate each challenge and opportunity. The evaluation process was mainly supported
by the insights collected in the document analysis and weighted through qualitative expert knowledge.

There are limitations associated with exploratory qualitative research design and the inherent
flexibility and adaptability. Validity, reliability, and generalizability [44,46] are limitations of this type
of approach, and were weighed up in the qualitative assessment and discussion of the results, and
when drawing the conclusions.

3. Findings and Discussion of New Frontiers and Paradigms

3.1. Evaluation of the Indicator Challenges and Opportunities

Findings make clear that the analyzed set of SI challenges and opportunities have high relevancy
(Table 1), and are considered a significant priority for action in the literature, e.g., [38] and [47], as
demonstrated by the rationale that supported this evaluation (see the Appendix A for more details).

In all, few of the identified challenges and related opportunities simultaneously received a
classification of high relevancy, feasibility, and societal impact. Most of the current challenges and
opportunities are old and repeated by the literature (see, for example, the limitations and questions
raised in the 1970s by the work of Ott [14]).
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Table 1. Evaluation of the selected sustainability indicator (SI) challenges and opportunities,
according to the three main criteria (Relevancy, Feasibility, and Societal Impacts), ranked in the
following categories.

Selected Challenges and Opportunities Relevancy Feasibility Societal Impacts

#

Juicy

. Richer selection of case studies

#2. Specific cultural context

#3. Adequate level of standardization

#4. Meta-evaluation

#5. Alternatives to move beyond GDP

#6. Data limitations and provision problems

#

N

. Integrated and systemic and holistic perspective

#8. Optimum level of indicator aggregation

#9. Better mechanisms for indicator use in practice

#10. Integration or non-traditional aspects of sustainability
#11. Use of information tools and systems

#12. Find the best selection criteria

#13. Institutionalisation process and governance models

#14. Satellite remote sensing and other observing
technologies

#15. Intergenerational equity information transfer

00000000 30000000C
0030000200050
000000000000 00006

#16. The lack of an endogenous indicator’s theory

High . ; Moderate @ ; Low I .

Overall, they are technically oriented, and are meaningless or too complex for end-users’
understanding, even for practitioners who are non-indicator experts, following the same pattern
identified for SIs themselves and the surrounding discourse, which is often developed by scientists
and expressed in abstruse language [43,48], and mainly useful for the people who designed them.
Almost half of the analyzed challenges have a potential low impact on society, since their opacity
or technicality move them away from users’ perceptions and interests. Therefore, a central topic to
deal with low social understanding and usefulness could be the promotion of societal collaborative
networks, involving decision makers, researchers, practitioners, communities, and individuals, as also
explored by Domingues et al. [35] and Kelly and Moles [36]. These networks could provide mutual
support and learning, and mitigate the low social impact.

Overall, despite the high relevancy, they have low-to-medium feasibility, showing that there will
be great difficulty in implementing them, often due to their inherent complexity and operability, or
the resources needed. The current state shows that it has become necessary to rethink SI priorities
to overcome old and new barriers, and to make future steps toward the Sustainable Development
Goals, as established by the United Nations [31]. Several of the analyzed challenges and opportunities
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remain unanswered or are still in the early stages of development, and are not yet covered by sufficient
theoretical and empirical knowledge and evidence.

Two of the challenges (“#1. A richer selection of case studies” and “#8. Optimum level of indicator
aggregation”) were classified with medium relevancy mainly because, despite their relative importance,
they represent aspects that are already well covered by the existing literature and practice, or their
importance is not confirmed (see Table A1 in the Appendix A).

3.2. Exploring New Frontiers and Paradigms

Despite important progress and the existing vast amount of literature, Sls are still an
underexplored field of study. The analyzed set of indicator challenges and opportunities call for
a critical analysis of some specific challenges. Exploring new frontiers and paradigms of SIs leads to
unanswered epistemological questions, such as “How was the original development of SIs conceived?”
and “Why do serious-minded communities of decision makers and theorists still believe sustainability
can be measured in an objective sense?” [49] (pp. 205).

A crosscutting challenge for SIs is that the lack of an endogenous indicator’s theory hinders the
development of the indicator’s research into an autonomous scientific field and limits indicators to
the ecological, social, or economic fields [50], meaning that researchers can only conduct the study of
indicators within their subjects of expertise. Therefore, SI evolution is often stuck in sectoral frontiers
(ecological, sociocultural, economic, institutional) and facing different barriers, depending on the angle
from which they are viewed. They are often not grounded in effective integrated and interdisciplinary
sustainability studies, which are not just a sum of different parts, and usually do not include the time
dimension and intergenerational equity evaluation, which is a fundamental SD pillar [51,52].

Another central issue to consider in this discussion is related to indicator data, where SIs have
a key part to play in the crisis of truth: “We are in a fight, and we recognize the reality that interests
will always make selective and distorted use of indicators. That is the price we pay for being in the
indicator business” [47] (pp. 553). SIs need to deal with reality, where the value of official data is
in question. Furthermore, some other related drawbacks from the existing indicator approaches are
that oftentimes, and in spite of the investment put into the compilation of SIs and respective data,
stakeholders feel that either the information is not easily accessible or usable, or it is incomplete or
sometimes obsolete by the time it reaches the user [53], and therefore not useful.

Sls should be ready to rethink the “old” and “new” world challenges, and deal with the complexity,
scale, and unpredictability of many of the current SD questions: A multifaceted mix of post-truth reality,
scientific developments, global changes, globalization, social crises (e.g., environment, poverty, and war
refugees), economic growth pressures versus de-growth thinking, and new technological opportunities
and risks. SIs should also be able to respond to non-traditional aspects of sustainability [17,29],
also referred to as a less tangible “fourth pillar” or “missing dimension” of sustainability [29,54],
particularly those involving sustainability ethics, culture, esthetics, justice, compassion, mutual help,
moderation, solidarity, and general non-material values, as well as goal and target uncertainty, new
and old limits of natural-human systems, or the blurred distinction between peacetime and wartime,
collaborative learning, voluntary monitoring, and crowd sourcing.

Besides a community perspective, where each community has to develop its individual set of
indicators [55] and be an actor in a multi-stakeholder collaborative network [36], each individual
should play a central role in sustainability assessment [56], being more ambitious than ”simply”
measuring and reporting. Each one should be a pivotal asset, using and assessing their own selection
of Sis and applying them at any desired and feasible scale, from households to ecosystems, following a
stakeholder-driven approach for sustainability assessment [34,35] as previously stressed. This diversity
of concepts, approaches, methods, and frameworks for Sls is usually presented as the root of the
increased difficulty in providing reliable and robust comparisons among different situations. This
should be used as an opportunity to face SD complexities and singularities, improving and developing
the use of tailor-made approaches conducted by citizen volunteers.
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In this context, academia has a paramount role to play [17], including as an example for the rest
of society through its scientific knowledge, independence, transparency, and proactive and facilitating
behavior. Higher education institutions could help stakeholders deal with the new opportunities and
risks of sustainability [57], including teaching and educating for observing, listening, understanding,
and following up the progress toward SD.

The evolutionary stages of adherence between future indicator paths and reality will guide
initiatives in several major areas, as identified in the previous section (see also Table Al and the
Appendix A). Regardless of the importance of all those topics identified and evaluated, it is proposed
here that indicator progress should particularly address the angles that will impact society, as already
emphasized by other works, e.g., [48,56], and assuming the individual as a central dimension for future
developments in SIs (e.g., using a technological device to collect, upload, and report SIs, tagging and
interacting in real-time word situations, such as noise level, water quality data, urban degradation,
or street poverty and crime). This will be underpinned by an unpredictable changing world of new
technologies and platforms of gathering, sharing, and spreading data and information [53,58,59].

In the context of the current critical perspective and viewpoint paper, and supported by the
evaluation conducted previously, a set of key questions on SIs’ futures are proposed (Figure 1). These
questions aim to represent an integrated view of the relevant challenges and opportunities analyzed,
but are underpinned and observed from a crosscutting angle, represented by the societal role.

*Who needs and who wants Sls?

*Who are demanding changes and pushing for more effective
Who sustainability assessments and SIs?

*Who are accessing and using Sls?

*Who is impacting Sls outcomes?

*What is the society purpose of having SIs?

*What are the implications for end-users of easy, friendly, simplistic
indicator approaches to assess and communicate sustainability

What limits (physical, ecological and social limits of sustainability issues)?

*What effective changes are Sls driving on daily life of governments,
organisations, communities, families, individuals? And at what
levels of decision? Strategies, policies, plans, projects, products,
activities/operations, behaviours, attitudes?

*Where Sls are being more effective for the society and should be
preferentially communicated? At what spatial and institutional
scale: local information to local stakeholders? Regional information
to local and regional stakeholders? Individuals, households? Public

Where organisations? Companies? Non-governmental organisations?
Academia and research institutions?

eWhere Sls information should be provided to improve accces and
use? Internet webpages? Emails? Postal mail? Newspapers?
Outdoor monitors? Public audiences?

*When should collaborative Sis be planned, designed, implemented
When and reported to reach higher social adhesion and impact? What are

the best time stages and time slots to collaborative Sls
development, considering the main actors, steps, flows and
characteristics?

Figure 1. Cont.
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eHow Sls are being reached, viewed, understand and
used?

eHow reliable or uncertain are perceived the SIs?

eHow stakeholders could be effectively engaged to drive
assessing and reporting sustainability issues for
incorporation into policy: volunteer collaborative
contributions to data selection; gathering and
assessment; and crowd sourcing?

eHow indicator selection approaches could improve the
society utility and validity?

eHow and what type of stakeholders are contributing to
indicator development, including identification, selection,
data feeding, results assessment, reviewing and
governance?

eHow individual stakeholders’ views, opinions and values
shape the self-assessments of Sls, goals and targets? How
this could be used to critically analyse results of
sustainability self-assessments conducted by
stakeholders?

eHow to integrate “immaterial societal values" in indicator
approaches and what Sls should be used for this
purpose?

eHow and what Sls should be developed to allow
individual citizens to use their “own indicators” as a
personal tailored-made tool or device to assess
sustainability? — where each one should be a pivotal
asset, using and assessing their own selection of Sls, from
households to ecosystems.

Figure 1. Key questions to be addressed by SIs in a societal-oriented approach.

To respond to these questions, significant further work should be conducted based upon
theoretical and empirical research approaches. The SIs community should work on the qualitative
values and societal dimensions of sustainability, trying to minimize the time delay to start dealing
with these challenges and contribute to the truth value of the SlIs in place. Transdisciplinary,
community-based, interactive, or participatory research approaches [30] should be major options
to conduct the necessary review of the current sustainability monitoring, assessing, and reporting
systems, and reach the next level of SIs. Also, major indicator guidelines, such as the Bellagio Principles,
now reviewed and renamed the Bellagio STAMP (Sustainability Assessment and Measurement
Principles) [60], in particular, should be considered.

Empowerment approaches in sustainability assessment should be further studied, including the
type of stakeholders to integrate in different SI initiatives [35], which indicators are more suitable, and
what practices could guide the use of SIs. This step can result in a new level of effectiveness and active
engagement, and increase the inclusiveness, transparency, and accountability of Sls.

4. Final Remarks

In the near future, SI researchers and practitioners should be ready to adapt their ways of thinking
and doing. Sustainability assessments must respond to new global and local paradigms, and use
collaborative scientific development and innovation as the foundations for change. Indicators should
evaluate what really matters to track progress toward a sustainable society, and be able to deal
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with new information traps, post-truth reality, and volatile contradictory societal values. The term
”sustainability” and its related topics are wrapped up in a blurred web of contrary meanings, despite
several important events and initiatives, including the 2030 Agenda for Sustainable Development of
the United Nations as a major SD roadmap at the global level.

The critical review and qualitative evaluation conducted in this research allowed us to trace the
pragmatic profile of the analysed SIs” challenges and benefits, where the majority of them are still not
implemented or answered, and a significant amount will probably have a low impact on society if
operationalized. Therefore, the need for new developments on SIs to effectively assess and report SD
in a robust and, at the same time, collaborative and open way, has never been so great.

There are limitations associated with this kind of critical review and qualitative evaluation, and
those limitations should be weighed up in the use of the obtained findings, and when drawing
conclusions. However, since a critical perspective and viewpoint paper is clearly assumed as a
particular view on a specific topic of research, where views differ, this should not be considered a major
constraint. The objective was to promote constructive debate around SIs’ possible futures and paths.

As proposed in this research, the individual should have a central role to play in all the SIs
challenges, in particular the ones related with societal impact dimension. Individual citizens should be
leading actors, collecting, analyzing, evaluating, and communicating sustainability data and related
SI information, from households and daily activities to “upper scales,” including rural and urban
ecosystems. A crowdsourcing mindset for SIs will be a central piece in this process, associated with
tailor-made approaches conducted by volunteer individuals.
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Appendix A

Table Al. Identification of the set of challenges and opportunities and remarks that supported the
value given to each criterion: Relevancy, Feasibility, and Societal Impacts.

Summary of Rationale

Feasibility

Selected Challenges and Opportunities

Relevancy Societal Impacts

#1. Richer selection of case studies:

Call for a richer selection of case studies to help Despite their being resource-intensive,

create practical and more useful guidance
regarding sustainability assessment [60]. Allow
the identification of patterns of what works
best and the understanding and designing of
context-specific approaches.

A significant amount of the
existing SI work is related to case
study-based approaches.

there are several SI systems being
implemented, at national, regional,
local and organisational levels, that can
be used as case studies.

Proximity and visibility to
stakeholders.

#2. Specific cultural context:

Indicators should be placed in a specific
cultural context with a clear understanding of
previous interventions; if indicators are used
without understanding the processes and
people they are relevant to, they may be easily

misused (even if an indicator is good itself) [61].

SIs should not be “context-free.”

The need to understand the
context that will tailor the SIs (e.g.,
the type of decision-making
assessed, the institutional system,
the context of professional practice
and capacity, the territorial context
and their specific natural and
human-cultural aspects).

Increased sense of
ownership and
commitment from
everyone involved.

Requires additional resources to adopt
this approach. Local context data,
including cultural/social, should be
collected and integrated.

#3. Adeq level of dardization:
Identify the adequate level of standardization
for indicator sets versus context-specific

sets [21]. Related to this aspect is the need to
consider the vertical integration between Sls at
different spatial scales (national, regional,
local/organizational), and to examine the
common sets of indicators between

scales [62,63].

Facilitate comparability and
benchmarking between different
cases and scales, and optimize the
resources to conduct a
sustainability assessment.

The operational process is not
consensual, and the approaches are still
under discussion. Further
methodological development and
practical evaluations are required.

Improve the
communication with
stakeholders, and the

governance of different Sls.
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Table A1. Cont.

Selected Challenges and Opportunities

Summary of Rationale

Relevancy

Feasibility

Societal Impacts

#4. Meta-evaluation:

The evaluation of an evaluation and analysis of
SI experiences [64,65]. Allows us to do a critical
assessment of the strengths and weaknesses of
the SIs, and draw conclusions about the overall
utility, accuracy, validity, feasibility and
propriety.

Several research initiatives that
show how to accomplish this task
and demonstrate the need and
benefits of adopting
meta-evaluation and reviewing
approaches, with practical and
theoretical implications.

The implementation of a formal
meta-evaluation process could be
technically complex, where the
approaches are still not well established.
Practical difficulties can arise in their
implementation due to the complexity
of prioritizing the implementation of
the “key good-practice factors” and
developing “meta-evaluation
indicators” can also be a hard task [65].

Too technical to be
understood by most of the
stakeholders, in particular

the general public.

#5. Alternatives to move beyond GDP:
Development of alternative indicators, to move
beyond GDP [66,67], to obtain clear and robust
sustainability measures and “achieve measures
of what we really want” [67].

To provide a global SD shared
vision, using new ways of
measuring progress towards new
goals.

Despite several attempts to propose
GDP substitutes with the same
popularity and impact, this is still
ongoing work, and there is no
consensus among the existing
proposals.

Global communication
implications and
significant visibility to
citizens.

#6. Data limitations and provision problems:
Overcome the data limitations and provision
problems to better support decision-making
processes, as well as reporting and
communication initiatives, e.g., [68,69].

Access to reliable data or
justifiable proxies for the relevant
themes is a paramount step, as
well as providing open access to
data.

In some cases, this could be difficult to

overcome in a short term, in particular
in territories/institutions that are less
developed. It is a resource-intensive

and complex task, with moving targets.

In an era of “post-truth”
where the value of data
and information is very
volatile, data accuracy and
reliability could be not
perceived or valued by
stakeholders.

#7. Integrated and systemic and holistic
perspective:

Develop a more integrated and
systemic/holistic perspective for SI,
considering linkages, synergies, and
antagonisms between SI, goals and targets [70].
Sl integrated sets should include integrated or
interlinkage indicators that cover different
sustainability dimensions, i.e., one single
indicator includes several dimensions, in
particular environmental, economic, social,
cultural and institutional /

governance [51,65,71].

Analyse, understand and report
the integrated /systemic
sustainability views and

perspectives, and avoid a
fragmented assessment, in
particular for indicators that cover
more than one thematic area and
dimension (environmental,
economic, social).

The implementation process is
technically complex, where the
approaches are still not well established.
According to some authors (e.g., [50]),
the interdisciplinary hypostasis of
sustainability that traverses
environmental, economic and societal
issues may be an operational drawback
instead of an advantage. This holistic
approach, which encompasses more
aspects than necessary, orients the use
of indicators to vast collections of
statistics that rarely influence
policy-making.

Despite it being too
technical to be perceived
by stakeholders, the
indirect effects of using
integrated sustainability
measures could be
significant for
communication and
awareness purposes.

#8. Optimum level of indicator aggregation:
Raise the optimum level of indicator
aggregation, as discussed in Singh [8]. Help
present complex information in a synthetic way
and at the same time avoid manipulation and
“fake news,” with distorted indicators.

Several authors, e.g. [50], stress
that instead of focusing on the
construction of composite
indicators that cover different
areas of knowledge, we should try
to summarise a complex situation
in a single number (difficult to be
attained in the absence of an
appropriate indicator theoretical
framework); “research should be
focused on the identification of
key indicators that can be linked
together through verbal, statistical,
or mathematical relationships and
equations, contributing to a better
understanding of the linkages
among the different areas of
knowledge that compose the
aforementioned fields ... " [50]
(pp- 426).

Despite several attempts to propose the
adequate level of indicator aggregation,
this is still an ongoing work, and there
is a lack of consensus among the
existing approaches.

Improve communication
standards, with significant
visibility to stakeholders.
Support the main indicator
goals of synthesizing
complex phenomena and
transmit them in an easy
and understandable way
to stakeholders, and
support decision-making
processes.

#9. Better mechanisms for indicator use

in practice:

Explore the mechanisms for indicator use in
practice, e.g., [48,56,72], and understanding by
different actors, creating opportunities for use
and reporting indicator information.
Approaches and methods need further
development to understand the most effective
ways to influence processes at different levels,
including policy making and organisational
strategies and operations, likewise citizens’
behaviours and attitudes towards

sustainable goals.

As emphasized by
Ronsestrom [73], good indicators
are of little influence and
importance if they are not used in
any way.

Information can feed back into the
development and presentation
of Sls.

Despite the existence of several works
that explore technical issues of
indicators and how they could support
decision-making processes, few of them
address the how, if, when, and who
questions about indicators. The work of
Morse [48] shows the emergence of
this topic.

The most significant
impact for stakeholders is
when they use the tool that
was developed for them.

#10. Integration or non-traditional aspects of
sustainability:

SIs should cover general non-material values or
non-traditional aspects of sustainability, such
as ethics, culture and arts, aesthetics,
effectiveness of governance, legislation and
norms, spirituality, solidarity, compassion,
mutual help [17,29,54,71], which represent less
tangible dimensions of human society.

Until we have appropriate
indicators to assess these
intangible but fundamental
aspects of SD, they will be
invisible for assessment
purposes [71].

It may be very difficult to use direct
indicators to evaluate these
non-tangible aspects. Qualitative
survey approaches are most likely to
support these indicators, and therefore
difficult to operate in a continuous way.

Increased sense of
ownership, commitment
and communication from

everyone involved.
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Table A1. Cont.

Selected Challenges and Opportunities

Summary of Rationale

Relevancy

Feasibility

Societal Impacts

#11. Use of Information tools and systems:
Use of information tools and systems that
condense the huge flows of information to
report Sls, e.g., [74]. SI systems should respond
to the growing access to information provided
by modern information technologies and
ensure rapid assessment.

New technologies, including
geographic information systems
and the Internet, are enabling
web-based platforms for
information sharing and
gathering [53,58,59], enabling the
desired stakeholders’ input.

The implementation process could be
technically complex, and the

approaches are still not well established.

These more demanding information
and communication technologies still
face pending challenges that need
further research. Examples of such
limitations comprise data quality, use
and sharing policies and expertise.

Increased sense of
ownership, commitment and
improved communication
with stakeholders and
access/use to data and
indicators. Information
systems designed to
use/report sustainability
data and indicators provide
tools that could have
significant positive impacts
at individual /
community levels.

#12. Find the best selection criteria:

What indicator selection criteria should be used
without compromising credibly and accuracy
and at the same time avoiding redundancy and
complexity. Indicator selection is usually made
by experts and/or through participatory
approaches, in combination with literature
reviews of existing indicator sets, and often
little is known about the robustness of the
selection stage [43].

It is fundamental to evaluate the
indicator selection process,
regarding their utility, accuracy,
validity and feasibility,

e.g., [41,75]. The selection stage
will impact the ability of the
indicator system to be
institutionalised and therefore
used and maintained [76].

Despite various works discussing these
aspects, the implementation process is
technically complex, and the
approaches are still not well established.

When stakeholders are
effectively involved, it could
increase the sense of
ownership, commitment and
improve the evaluation and
communication stages.

#13. Institutionalisation process and
governance models:

SI governance models should be improved and
clarified. Also, SIs need to become
institutionalised in certain governmental
processes to provide stability and

credibility [17].

The management model and
institutional cooperation is a
fundamental component of Sis;
identifying the institution(s) and
their roles and the leadership
structures is essential to an
understanding of the feasibility
and societal influence of the
indicator system [65].

Despite no significant additional
resources being required to implement
this component, an
institutional / political commitment of
the involved decision-makers is a
fundamental step, and in many cases is
difficult to achieve.

Low visibility and usually
not being perceived as a very
important aspect by the
general public and
practitioners — “somebody is
certainly in charge” but few
people really care who is and
what they do.

#14. Satellite remote sensing and other
observing technologies:

New approaches to indicators using satellite
remote sensing and other observing
technologies to evaluate sustainability goals, as
explored by [77].

Sls supported by satellite data
could be an important solution to
mitigate data limitations and
provision, in particular for certain
scales of analysis.

Despite various related works that

explore this field, the use of remote

sensing data for SIs is still relatively
underexplored, e.g., [77].

The value of data and
information is very volatile,
and data availability,
accuracy and reliability
could be not perceived or
valued by stakeholders,
probably even more so in the
case of remote sensing data.

#15. Intergenerational equity information
transfer:

Indicators that capture the effectiveness with
which intergenerational equity information
transfer is taking place and how are pushing
social and cultural evolution. However, several
questions arise: How do we know what future
generations will value? In that respect, how can
one define what is a “fair,” ethical and
“sustainable” thing to do? [61])

One of the SD dimensions should
be “time” [52], when assessing
progress towards sustainability

goals, so consider time
preservation or intergenerational
equity. As noted by ([51]), the time
dimension should be taken into
account where long-term changes
towards sustainability are
evaluated, like global warming,
ecological disruption and social
equity issues

Despite the existence of several
attempts to explore this topic, it is still
an open and complex question, needing
further theoretical and practical
scientific work.

Low visibility and too
technical to be perceived by
stakeholders.

#16. The lack of an endogenous indicator’s
theory

The inexistence of an endogenous indicator’s
theory is an important barrier to the
enhancement of indicator research into an
autonomous scientific field and relegates
indicators to the ecological, social or economic
field [50]

An integrated SI theory could be a
fundamental step to respond to
several of the most important
needs and related challenges,
weakness and limitations, and
reach the next stage of indicator
evolution.

Despite some works that explore this
topic, there is a significant lack of
progress and consensus on how to
approach this complexity.

Low visibility and too
technical to be perceived by
stakeholders.
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Abstract: When developing new indicators for policy advice, two different approaches exist and
may be combined with each other. First, a data-driven, bottom-up approach determines indicators
primarily by the availability of suitable data. Second, indicators can be developed by a top-down
approach, on the basis of political fields of action and related normative goals. While the bottom-up
approach might not meet the needs of an up-to-date policy advice, the top-down approach might
lack the necessary data. To discuss these problems and possible solutions, we refer to the ongoing
development of an indicator system on impacts of climate change on biodiversity in Germany,
where a combination of both approaches has been successfully applied. We describe suitable
indicators of this system and discuss the reasons for the remaining gaps. Both approaches, mentioned
above, have advantages, constraints, and shortcomings. The scientific accuracy of the indicators,
the availability of data and the purpose of policy advice have to be well-balanced while developing
such indicator systems.

Keywords: indicators; climate change; biodiversity; data needs; monitoring; policy advice; Germany

1. Introduction

The task of the ongoing project, presented in this article, is to design and implement an indicator
system that describes the direct and indirect impacts of climate change, on the state and development
of biodiversity in Germany, in a summarized and easily-understandable way, so that conclusions for
the shaping of nature conservation policy and related policy areas can be drawn. The article focuses
on the crucial role of data availability and quality, for the development of such indicators.

The term “indicator” is ambiguous and linked to a number of different meanings, in many different
contexts [1,2]. As a prerequisite for the conceptual design of indicator systems, an understanding of
what is meant by the term is, therefore, necessary. We have based our work on the following definition:

Indicators in the context of nature conservation summarize empirical data from monitoring
programs, in order to depict relevant pressures, states, impacts, or measures related to biodiversity,
in an easily-understandable manner. They show successes and failures in achieving previously defined
nature conservation objectives, provide policy advice, and inform the public [3]. This definition clearly
differs from an older scientific concept of indicators, which is purely descriptive [2]. Our indicators
are designed for policy advice and refer to normative standards that require political legitimacy,
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in advance. Their statements are based on a comparison of target and actual values. The necessary
data and information for setting a target as the assessment standard must indeed be based on scientific
knowledge. However, the decision on the actual target value or direction of development is beyond
the scope of descriptive natural science and is part of a social or political process [2,3].

Data on state and changes of biodiversity provide fundamental information for planning and
decision-making, in modern conservation policy [4]. In recent years, much effort has been spent to
improve the communication of monitoring results, particularly towards politicians and the public.
For this purpose, many different biodiversity indicators and indicator systems have been developed.
The main objective of monitoring programs is to produce precise and reliable information on the state
and trends of different biodiversity components. Reports based on comprehensive indicator systems
are then used to make monitoring results known not only to experts but also to decision-makers and
the public, cf. [3,5]. Such indicators need to reduce complex biological information to simple and
easily-understandable messages of political concern.

Environmentally relevant phenomena can be classified in line with the Driving Forces-Pressures-
States-Impacts-Responses (DPSIR) model (see Section 3) to systematically structure indicator systems
representing an environmental issue, within its social and political context. The single indicators
should measure distinct parts of the issue and represent phenomena of interest on various temporal
and spatial scales. The realization of such an indicator system, however, is often confronted with,
first, the need to select thematically and politically appropriate indicators and, second, an incomplete
database that does not meet the needs of purposeful indicator systems [6]. Regarding biodiversity
issues this is illustrated by current efforts to define the so-called “Essential Biodiversity Variables
(EBVs)” as a set of key variables for detecting major dimensions of biodiversity change, bridging
the gap between biodiversity data and policy reporting needs [7-9]. Schmeller and colleagues [10]
(p. 2970) point out that the “development of indicators and the understanding of the causes of the
documented change do not fall within the EBV framework, but are a logical next step in using the
EBV data”.

When developing new indicators for policy advice, two different approaches exist and must
be combined with each other [3]. First, there is a data-driven bottom-up approach, primarily
determining indicators by the availability of suitable data. By contrast, indicators can be developed
by a top-down approach, on the basis of political fields of action and related normative goals, e.g.,
nature conservation or biodiversity goals, for which meaningful indicators and suitable data, for their
calculation, are sought. Ideally, if a top-down approach is successfully applied, policy advice can use
tailor-made indicators [2,3]. Each of the two approaches, taken individually, is insufficient. While the
bottom-up-approach might not meet the needs of an up-to-date policy advice, the top-down approach
might lack the necessary data.

In the following sections, we outline the requirements for biodiversity monitoring programs and
data (Section 2), as well as for indicators and indicator systems (Section 3). Based on these findings,
we introduce an indicator system on direct and indirect impacts of climate change, on biodiversity in
Germany, as a practical example for the feasibility and constraints of developing an indicator system.
Successfully developed indicators, based on the requirements outlined before, will be presented as
well (Section 4). Finally, we discuss the data-related factors which hampered the development of the
indicator system (Section 5) and summarize the experiences gained (Section 6).

2. Monitoring Data as a Basis for Developing Indicators

In the context of nature conservation, monitoring comprises empirical records (observations,
counts, and measurements) of selected elements of species, communities, habitats, and landscapes
in regular long-term spatiotemporal sequences gained by standardized scientific methods. These
records are designed to achieve reliable data on the state and changes of these elements and are
directed to nature conservation objectives [3,11-13]. In order to enable a regular reporting system,
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consistent, trustworthy, and accessible data are a prerequisite [14]. More precisely, the requirements
for monitoring programs, as a sound database for indicators are [15]:

e  permanent surveys in order to enable continuous availability of data from monitoring programs;

e  ensured financing of the monitoring programs;

e functional organization of the monitoring (consolidation and analysis of data and transfer
of results);

e sufficient update interval, depending on the variable;

e  data series over long periods of time;

e full area coverage or representative sample;

e sufficient resolution which allows for spatially different findings (administrative units like
counties, federal states, etc.);

e  differentiation between different sub-issues, e.g., different habitat types, species, etc.;

e standardized reliable survey methods; and

e  accurate data.

Regarding the impacts of climate change on biodiversity, there are hardly any specific monitoring
activities. Consequently, a corresponding indicator system has to be based predominantly on data that
were originally collected for other purposes—in our case for biodiversity and climate change issues
separately. Several examples for ongoing monitoring activities or the development of such monitoring
programs concerning different components of biodiversity do already exist, e.g., for bees, locusts,
butterflies, dragonflies, birds, fish, and plankton at the species level, as well as high nature value
farmland and inland and coastal waters at the habitat level. Monitoring of the natural environment in
Germany is carried out by governmental agencies, administrations, or non-governmental organizations
(often in combination with citizen science). These efforts, however, cover, only selected groups of
species and habitats, so far, and the resulting data sets are often incomplete and heterogeneous, e.g.,
in data quality and sampling intensity. Climate data and phenological phases (annually recurring
growth and development phenomena) of plants are gathered within the monitoring programs of the
German Weather Service (Deutscher Wetterdienst—DWD) and provided, e.g., through its Climate
Data Center (CDC) and the German Climate Service (Deutscher Klimadienst—DKD).

3. Indicators and Indicator Systems for Biodiversity—Balancing Information and
Communication Needs

An indicator system for assessing the state of biodiversity and the trends in the development
of its components, caused, inter alia, by climate change, should reflect the impacts of all relevant
drivers on the biological diversity and the associated cause-effect chains, as well as the success of
nature conservation strategies and measures for adaptation to climate change. It is also intended to
provide political advice [2]. To this end, the single indicators as well as the entire indicator system
must meet certain requirements [1,2,14-21], like that of relevance, data sufficiency, and suitability for
policy advice.

1.  Relevance: The indicator system must address a representative sample of relevant key topics in
the context of biodiversity changes caused by climate change, which includes direct and indirect
impacts of climate change on biodiversity. The relation between climate and biodiversity change,
as described by every single indicator, has to be evident or of high probability. Consequently,
it is not sufficient to merely represent changes in either biodiversity or climatic parameters,
but the connection between both should also be illustrated. Species and habitats with distinct
sensitivity for climatic changes, such as alpine, marine, and coastal species and habitats, are
particularly suitable for indication, in order to fulfill this requirement. Selecting species and
habitats predominantly sensitive to climate change is crucial for the conception of purposeful
indicators. In our project, scientific literature surveys have validated such choices.
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2. Data sufficiency: This includes different basic requirements of the data used for forming the
single indicators: Availability, stability, and regular collection, based upon scientifically reliable
and standardized methods. To allow for area-covering findings of single indicators and the
indicator system, data should cover Germany’s entire terrestrial and marine territory.

3. Suitability for policy advice: This comprises the following criteria.

e  Relation to politically defined targets: The indicators should relate to targets politically
agreed upon, e.g., as laid out in strategies and legal norms, in order to inform about the
degree of target achievement.

e  Relation to politically controllable issues: In general, the indicator subject should be
influenceable by policy measures. However, there are indicator subjects which can only
be influenced on a global scale or very indirectly, over long periods of time, such as
phenological changes.

e Comprehensibility and clarity: As soon as an indicator system is designed for policy advice,
the single indicators, as well as the entire indicator system have to be as understandable,
transparent and simple as possible, without simplifying facts in a way that may lead to
misinterpretation or scientific incorrectness.

e  The indicators should have a high spatial resolution to allow for the implementation of
specific and appropriate measures in different parts of Germany, at least, at the federal
states level.

4. Developing an Indicator System for the Impacts of Climate Change on Biodiversity
in Germany

Man-made climate change is leading to significant changes in global biodiversity altering the
biosphere in marine, limnic, and terrestrial environments, on large and small scales. Species ranges
are shifting in response to climate change, and species interactions are changing due to climate
driven shifts, in abundance or distribution of species, for example. Consequently, entire ecosystems
are rearranged. Trends that are expected to intensify in the coming decades, for Germany, include
poleward and upslope range shifts, formation of novel ecosystems, decline and extinction of species
and habitats, and expansion of new species [22]. Major losses are expected with respect to freshwater
and marine habitats [23-26]. Climate change is considered to be a critical threat to many components
of biodiversity and is generally expected to have an increased impact on biodiversity, in the future.
Numerous examples from scientific studies have shown complex relationships between climate
change and biodiversity. Campbell and colleagues, as well as Bellard and colleagues, provided a
comprehensive overview on this matter [24,27].

However, there is still a vast need for research in order to obtain a more detailed picture of the
changes and to develop a full understanding of the underlying processes. Since climate change occurs
over relatively long time-scales of several decades and resulting changes in biodiversity also show time
lags, long-term, systematic observation programs of the environment are of outstanding importance.
This has been demonstrated by McMahon and colleagues, for the global scope, and by Droschmeister
and Sukopp, for Germany [4,28]. For Germany, however, monitoring programs with a long-term
perspective, which aim to provide data on the impacts of climate change on biodiversity, are largely
lacking or cover only selected aspects of biodiversity, at federal or federal state level. Heiland and
colleagues point out this problem and emphasize the necessity of long-term surveys [29].

Among other policy measures, the German government is taking into account the ongoing
biodiversity loss and climate change by the ambitious goals of the National Strategy on Biological
Diversity (“Nationale Strategie zur biologischen Vielfalt”—NBS) [30] and the German Strategy for
Adaptation to Climate Change (“Deutsche Anpassungsstrategie an den Klimawandel”—DAS) [31].
To achieve the goals of these strategies, monitoring programs and indicator systems are required which
are suitable for comprehensively assessing the broad spectrum of climate-change-related impacts on
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biodiversity, as well as the effectiveness of adaptation measures. Indicator systems delivering a broad
picture of climate-change impacts on biodiversity, however, are, so far, largely missing at national
levels, which is also true for Germany.

In 2011, the German Agency for Nature Conservation (BfN) initiated the development of a
comprehensive indicator system on the impacts of climate change, on biological diversity. Hereby,
the BfN aimed at gaining new knowledge on the relation between climate change and biodiversity,
but mainly at an improved editing of already existing knowledge on the issue for policy advice and
decision making. Two consecutive research and development projects have been funded to this end.
The first project (“Indicator system for depicting direct and indirect impacts of climate change on
biodiversity”, FKZ 3511 82 0400, 2011-2015) aimed at developing an expert information system for the
federal level, but also included the calculation and implementation of five indicators for policy advice
(see below). An extensive report explains the reasons why and how indicators could be implemented or
not [21,32]. In the second project (“Further development of indicators on the impact of climate change
on biodiversity”, FKZ 3517 81 1000, 2017-2019), seven indicators from the first project, which could
not be realized then, are currently being further developed, calculated, and implemented, if possible.

During the first project, a systematic structure of the indicator system was developed. It is based
on the DPSIR model (see Section 1) [33] and comprises three indicator domains (Figure 1) with nine
indicator fields (Table 1). The DPSIR model is useful for describing the origins and consequences
of environmental problems and allows for exploring the links between the different elements of the
model. According to the model [33], (p. 6), “social and economic developments exert Pressure on the
environment and, as a consequence, the State of the environment changes, such as the provision of
adequate conditions for health, resources availability and biodiversity. Finally, this leads to Impacts
on human health, ecosystems and materials that may elicit a societal Response that feeds back on the
Driving forces, or on the state or impacts directly, through adaptation or curative action.”

The indicator system to be developed should focus on mapping direct and indirect impacts of
climate change on species and habitats, but also include some pressure, state, and response indicators.
Accordingly, Column 1 in Figure 1 (direct impacts) comprises impact indicators only, Column 2
comprises predominantly pressure indicators, while Column 3 (adaptation of nature conservation
strategies and measures) represents response indicators only. Depending on the context, some of the
proposed indicators may also be interpreted as state indicators.

Climate change

Adaptation of
land use

sjoeduwi Joaa1Qg

- .

Y ]

Biodiversity:
species, populations, biocoenoses, habitats

Figure 1. Structure of the indicator system with three indication domains (red color).
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The first indication domain deals with changes of biodiversity, directly resulting from climate
change, and addresses three thematically distinct indication fields: (i) Phenological changes of plant and
animal species, (ii) changes in species distribution areas, populations and biocoenoses, and (iii) changes
of habitats. It is intended to reflect as many changes in biodiversity caused by climate change as
possible and to cover terrestrial, limnic, and marine ecosystems, as well as different groups of species
(plants, birds, mammals, amphibians, reptiles, insects, and possibly microorganisms).

The second indication domain discusses indirect changes in biodiversity due to climate change
and includes indicators addressing pressures on biodiversity caused by sectoral adaptation measures
of different land uses, such as forestry, agriculture, and water management. Indirect climate-change
impacts, including changes in land use, have a major effect on biological diversity. An exact
quantification of these indirect impacts on species and habitats is, however, hardly possible at present,
as the interaction of the various influencing factors is too complex and consequently does not allow for
a clear analytical isolation of each factor.

The third indication domain contains indicators which relate to the adaptation of nature
conservation strategies, measures to climate change, its direct and indirect impacts on biodiversity,
and reflect the success of such adaptations. This indication domain also addresses three thematically
distinct indication fields: (i) The adaptation of nature conservation policies and landscape planning to
climate change, (ii) the implementation of adaptation measures, and (iii) the physical effectiveness of
such measures.

Potentially suitable indicators were either selected from existing indicator systems (e.g.,
the SEBI—Streamlining European Biodiversity Indicators initiative and the Climate Change Indicators
of the European Environment Agency), or were newly developed [21], resulting in a set of forty-four
indicators which have been examined, in depth, for their feasibility at the German national level. Out
of these, five indicators could be fully calculated (“realized” in Table 1) and nine indicators could be
developed as “prototypes”; meaning that they could be fully developed on a conceptual level, but the
necessary data for their calculation have not been available due to different reasons. Six out of these nine
indicator prototypes are currently to be calculated and realized (“prototype in development” in Table 1).
Thirty indicators, due to different reasons (see Section 4.2 and 5 and Reference [21]), could not be feasibly
developed further. Indicator factsheets for all realized indicators and indicator prototypes describe
the indicator and include all relevant information, such as suitability of the indicator, legal references
and existing political targets, calculation algorithms, data sources, spatial and temporal resolution, as
well as graphical and textual representations of the determined indicator values. All newly developed
indicators have been included in the indicator set of the DAS [34] and one of them (phenological changes
in wild plant species) has been added to the indicator set of the NBS [35].

Table 1. Indicators and indicator prototypes for an indicator system on climate-change impacts on
biodiversity in Germany (status: May 2018).

Indicator Name Status

Indication domain I: Direct climate-change-induced changes in biological diversity

Indication field I.1 Phenological changes in species and communities
Phenological changes in wild plant species Realized
Phenological changes in animal species Prototype in development

Indication field .2 Changes in populations, areas and biocenoses

Temperature index of the bird species community Realized

Changes in the species inventory of high nature value farmland Prototype

Distribution of marine fish species Prototype
Climate-change-induced shifts in plant distribution Prototype in development
Temperature index of the butterfly species community Prototype in development
Changes in the flora on Alpine summits Prototype in development
Climate-change-induced changes in dragonflies Prototype

Indication field 1.3 Changes in habitats
No realizable indicators
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Table 1. Cont.

Indicator Name Status

Indication domain II: Indirect climate-change-induced changes in biological diversity

Indication field II.1 Changes in biodiversity due to climate-change adaptations in the agricultural sector
No realizable indicators

Indication field II.2 Changes in biodiversity due to climate-change adaptations in the forestry sector

No realizable indicators

Indication field II.3 Changes in biodiversity due to climate-change adaptations in water management
Restoration of natural flood plains Realized

Indication domain III: Adaptation of nature conservation strategies and measures to climate change

Indication field III.1 Adaptation of nature conservation strategies to climate change
Consideration of climate change in landscape planning (state / district level) Realized

Indication field II.2 Adaptation of nature conservation measures to climate change

Nationwide biotope network Prototype in development
Habitat diversity and landscape quality Prototype in development
Protected areas Realized

Indication field II1.3 Successes of climate-change-induced adaptations of nature conservation strategies and measures

No realizable indicators

The assignment of the proposed indicators to the indication domains and fields (see Table 1),
the indicator data sheets with all the necessary information for a transparent documentation of
calculation, the employed data, and the spatial and temporal resolution make it easy to understand the
structure of the system. The graphical and textual representations of the computed indicator values
included in the indicator factsheets are easy to understand and the indicators mainly comply with all
requirements presented in Section 3.

4.1. Successfully Developed Indicators

The five realized indicators listed in the table above have been briefly explained below
(see [21,29,34] for additional information).

4.1.1. Phenological Changes in Wild Plant Species

The newly developed indicator shows climate-change-related changes in the annual entry date of
the phenological seasons, since 1951. The beginning of these seasons is marked by the occurrence of
certain phases in the development of selected native wild plant species. For example, the beginning of
the early spring as a phenological season, is indicated by the beginning of the flowering of the coltsfoot
(Tussilago farfara). The shifts of entry of all ten recognized phenological seasons can be graphically
illustrated by a phenological clock. The nationwide mean values of the entry data and the resulting
duration of each of the ten phenological seasons from a thirty-year reference period (1951-1980) have
been compared with the corresponding current values, which are available for the last thirty years.
In 2017, the comparison shows an earlier entry of the phenological seasons of spring (early spring, first
spring, full spring), summer (early summer, midsummer, late summer) and early autumn [36].

4.1.2. Temperature Index of the Bird Species Community

This index is based on the Community Temperature Index developed by Devictor and
colleagues [37] and has been modified for the purposes mentioned above. The index adds up
temperature indices of eighty-eight common breeding bird species, occurring in Germany, based
on the average temperature in the European breeding range of these species, from March to August.
The index shows the changes in the relative abundances of these species in relation to a reference
year, linking it to the adaptation of the species to a colder or warmer climate. In the years 1990 to
2016, the relative frequencies of bird species have shifted in a statistically significant way in favor of
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species adapted to warmer conditions, consequently, to the disadvantage of species adapted to colder
conditions [38].

4.1.3. Restoration of Natural Flood Plains

This newly developed indicator shows the annual cumulative increase in natural flood plains due
to dike relocations in the main catchment areas of the Meuse, Rhine, Ems, Weser, Elbe, Oder, Danube,
and their direct tributaries, to the North and the Baltic Seas. Land use changes that can be linked to
climate change, include adaptation measures in water management. In addition to technically-oriented
measures, the permanent restoration of natural flood plains is regarded as an effective flood protection
strategy. The re-connection to the water bodies and the restoration of the natural flood dynamics have
created new habitats of high conservation value for a large number of rare and endangered animal
and plant species. Through different restoration measures on seventy-nine rivers, from 1983 to 2018,
4951 hectares of former floodplain area have been reconnected to the natural flooding dynamics of
watercourses, and these areas are now flooded in an uncontrolled way during flood events. However,
these measures were generally not planned, primarily, to adapt to climate change [39].

4.1.4. Consideration of Climate Change in Landscape Planning

This newly developed indicator describes if, how, and to what extent, the impacts of climate
change on biodiversity are taken into account in landscape programs and landscape framework
plans, which landscape plans are at the federal state or at the regional level. The indicator presents
the percentage share of plans addressing climate change in the total number of evaluated plans.
The evaluation of a hundred and seventy-nine plans that were in force, in 2018, showed that that
the impacts of climate change and the resulting planning requirements have not yet been widely
taken into account, as the mainstreaming of climate change issues, in landscape planning, takes its
time, due to the fact that landscape plans are usually updated only every 15-20 years. However,
climate-change-related statements have increased significantly, between 2000 and 2018 [40].

4.1.5. Protected Areas

This indicator assesses the total size of strictly protected areas in Germany. The area of land
designated as nature conservation areas (NCAs) and national parks (NLPs) is expressed as a percentage
of the German land surface. Natura 2000 sites and core areas and buffer zones of biosphere reserves
are included, if designated as NCAs or NLPs.

The area of these strictly protected areas has increased significantly from 1.1 million hectares, in
2000, to 1.6 million hectares in 2016, which is an increase from 3.2% to 4.4% of Germany’s land area.
Even though the designation of new strictly protected areas was not mainly driven by it, it also has
to be assessed positively in terms of adaptation of species to climate change. However, the formal
designation of a protected area is only a first, albeit important, step towards adapting the system
of protected areas to the requirements associated with climate change. In addition to the protection
of suitable areas on a sufficiently large scale, effective management of these areas is an additional
important requirement [41].

4.2. Gaps in the Indicator System

Despite these successes, certain indication fields could not be supported by indicator proposals.
This concerns all indication domains and in particular indication fields, such as “changes in habitats”
and “successes of climate-change-related adaptations to nature conservation strategies and measures”,
which were classified as central to the structure of the indicator system, within the framework of the
projects, and are, therefore, listed as indication fields to be further developed in the future. Tracing
impacts of climate change via indirect pathways in Indication Domain II, turned out to be particularly
difficult and yielded only one appropriate indicator (Restoration of natural flood plains). Against the

background of the ongoing expansion of wind power, changes in biological diversity, as a result of
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energy generation from wind power, and the associated, nationwide-expected considerable impacts on
species groups, such as birds and bats, as well as on marine ecosystems, would have been of particular
interest to the indicator system. However, the lack of data recorded in sufficient update intervals and
gained on a uniform methodological basis, over long periods of time, does not allow for developing an
appropriate indicator on this important issue.

In summary, the gaps in the indication fields are mainly caused by three factors:

o Knowledge deficits on the direct impacts of climate change on biological diversity, at the
habitat level: In this area, scientific knowledge and data from monitoring programs are still
unsatisfactory in many cases [4]. The links between climate change, on the one hand, and
climate-change-induced changes in habitats, on the other, have not yet been sufficiently researched.
The extent to which the natural adaptability of species influences the observable effects of climate
change remains unclear in many areas. Furthermore, it is to be expected that, in certain cases,
effects on habitats will only become apparent after a long time-lag. Therefore, no approach could
be found to translate the effects of climate change on habitats, into a suitable indicator proposal.

o Interaction of climatic effects with other influencing factors: Overall, it has to be considered
that climate-change-induced impacts on biological diversity interact with effects of other factors,
such as land-use changes or the spread of alien species [42]. It should be noted, however, that
these factors are also partly dependent on climate change, but have so far also essentially changed
independently of it. For example, the general changes in land use that have prevailed for a
long time, such as urbanization or agricultural intensification, result in massive changes in
biological diversity, from which direct and indirect impacts of climate change can hardly be
isolated. This is partly due to the fact that, in many cases, the indirect effects of climate change on
biological diversity (e.g., through adaptation of land use to climate change), have so far been little
pronounced and can, therefore, hardly be detected [43]. For these reasons, none of the indicator
approaches discussed, fully meets the requirement to reflect changes in biological diversity that
are predominantly and, above all, clearly attributable to land use adaptation measures to climate
change or climate protection measures.

e Difficulties in monitoring success: At present, it is not possible to assess the success of
adaptations to nature conservation strategies and measures to climate change, as such measures
have hardly been implemented to date and it is very difficult to conduct a corresponding survey
in terms of effectiveness monitoring. For this reason, no indicators have been implemented
for this indication field, to date. However, considerations, such as balancing the decline in
the vulnerability of climate-change-sensitive species or improving the conservation status of
climate-change-sensitive habitats, are worthwhile approaches for developing indicators which,
however, still require further elaboration and cannot be implemented directly. In particular,
it should be clarified whether improvements in conservation statuses or the threat to
climate-change-sensitive protected goods can actually be achieved through targeted adjustments
and the implementation of appropriate nature conservation strategies and measures. Attention
must be paid to the close relationship to other influencing factors, such as changes in land use.

5. Availability and Limits of Data Feeding Indicators

In order to report indicators, permanently, and provide policy advice, the requirements on
monitoring programs and data mentioned in Section 2 have to be fulfilled, as far as possible. This is
often not the case, especially in newly emerging policy and conservation fields—such as, climate
change and biodiversity—in which no regular and systematic monitoring and data gathering could
have been developed so far.

Even if suitable data exist, many other restrictions can appear. Heiland and Schliep discussed
these data-related obstacles in indicator development [44]. Along with content-driven problems,
the lack of appropriate data is a well-known problem in the development of indicators. This is also
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the case within the realm of climate-change impacts on biodiversity, for example, in connection with
indicators relating to animal species [45]. Other problems include:

1. Accessibility: In some cases, appropriate data exist, but are not or are only partially provided by
the data-holding institution.

2. Quality: Existing data are not sufficiently accurate (either in thematic or spatial accuracy) and,
therefore, do not allow reliable statements.

3. Scope: Existing data are not comprehensive or representative, e.g., habitat maps are available
only for some federal states.

4.  Heterogeneity: Data of very different quality are collected regionally or with different methods
and different classifications in the federal states and, therefore, cannot be compared nationwide.
This is partly due to the federal structure of Germany, which refers not only to governmental
structures, but also to NGOs and voluntary associations collecting data, e.g., on dragonflies,
in our particular case. It was not possible to use those data as they were based on different,
non-comparable data collection methods, at the federal state level, and as the continuity of data
collection could not be ensured, due to lack of personnel.

5. Frequency: Data are collected, but at intervals that are too long, as is the case, e.g., with
nation-wide floristic mapping.

6.  Time span: Data are only available for a short period, which actually does not allow for showing
trends. It would be ideal if the data were also available for past periods of time. This is often the
case, e.g., with digital habitat or land use maps.

7.  Frame of reference: Some indicators require the geometric and statistical intersection of different
data sets. This causes further problems:

e  Several thematically-related data sets may have different spatial reference units (data set A
e.g., habitat, data set B e.g., district). This means that they can no longer be sensibly blended
together. Examples are official statistical data, which mostly refers to administrative units,
and floristic data, which is captured in regular grids.

e The datasets have different scales, e.g., nationwide data on climate and local floristic data.

e  The datasets have different time points of acquisition, e.g., datasets gathered by the federal
states on the same thematic issues, but at different time points.

The mentioned problems can be illustrated by the example of habitat mapping. Habitats are
of crucial importance in the field of climate change, e.g., in the case of shifting distribution areas of
animal and plant species and in the need for networked corridors. For this reason, the data problem
will be described in more detail, using this example. The main requirements of data are, a sufficiently
high-resolution and a full area-coverage. If data are available, they are often not repeatedly updated or
not comparable across the federal states of Germany. Only in some federal states, habitat maps, that
are derived from aerial color-infrared photographs, cover the entire area [46]. These were collected in
the 1990s, for all eastern German states and the federal state of Schleswig-Holstein. However, only a
few states repeated the survey (e.g., Saxony [47] and Brandenburg [48]) after the year 2000. Another
problem is that the mapping units differ from state to state, so that no uniform map can be produced.
Almost all federal states record legally-protected biotopes in a separate mapping (“selective biotope
mapping” [49]). Here, too, the problems are the comparability of the data between the different federal
states and the regularity of the survey.

The only current, regularly updated source on habitats is the High Nature Value Farmland
Monitoring [50], which maps valuable habitats in the agricultural landscape in randomly stratified
sample plots of 1 km? size. It is representative for the entire agricultural landscape of Germany.
A regular repetition of this survey is secured. At present, a much more comprehensive monitoring
program is being developed and tested in a pilot study. It is carried out on the same sample plots as
the High Nature Value Farmland Monitoring, but covers the whole range of habitat types that are both
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quantitatively and qualitatively surveyed. Habitat types and land use types of the entire landscape
are recorded and assessed as basic units for future ecosystem monitoring. If the test was successful
it could be a possible solution to obtain statistically accurate information on the basis of randomly
stratified sampling if a coverage of the whole area is not possible due to financial constraints.

At the moment, the only valid, full area-coverage data basis for habitats, including all kind of land
uses, are digital land-use data from the official land surveying [51,52]. Advantages are a very high
accuracy of the data, a high topicality and the regular repetition of the recording. However, these data
are not specifically collected for monitoring biological diversity, but for other purposes, such as land
information, spatial, and urban planning, etc. Therefore, the data and information provided on habitats
are not particularly in-depth. Against this background, it becomes clear that compromises have to be
made in the development of indicators between the accuracy of the indicator and the availability of
data, as the latter often have originally been collected for other purposes.

While developing the indicator system on climate-change impacts on biodiversity, we strived for
reaching a balance between the requirements presented in Section 3. Indeed, there were cases where
we could not calculate indicators because the needed data did not exist. This especially applies to
indicators dealing with new and emerging trends, e.g., the effects of renewable energies on biodiversity.
The challenge results from the fact that these trends have not been dealt with before. Consequently,
they have not been monitored before, leading to a lack of appropriate data which can only be collected,
from now on. An indicator on the subject necessarily depends on data which have been collected for
other purposes, before the problem concerned had occurred, and, therefore, are not appropriate, or
are only partly appropriate. To date, however, Germany does not have an established comprehensive
biodiversity monitoring system at the federal level, nor does it have an indicator system regarding
climate-change impacts on biodiversity. In Switzerland, for example, it was possible to analyze
climate-change impacts on biodiversity, ex post [53], as the current Swiss biodiversity monitoring
programs and projects are surveying all important components of biodiversity, at two different spatial
levels [54]. It remains a challenging future task for German authorities, at the national level, to initiate
a nationwide monitoring system that can meet this task.

To sum up, the requirements on indicators and indicator systems sketched in Section 3, turned
out to be a rule of thumb during the development of an indicator system on climate-change impacts on
biodiversity. In the light of only a few, long-term, time-series data, data availability certainly becomes
a key criterion. In one case (community temperature index of breeding bird species communities) the
indicator was taken up because data are available, although the algorithm for the calculation of the
indicator values is quite complex. Other indicator prototypes were put on hold (e.g., Lusitanian fish
species) because it was not possible to find an agreement between data holders and possible users
(BfN), about the use of data. Another indicator prototype (changes in the flora of alpine summits) was
put on hold because it was not clear for a certain period of time if the Global Observation Research
Initiative in Alpine Environments (GLORIA) monitoring program [55], on which the indicator is based
upon, will be continued.

6. Conclusions

Anthropogenic climate change causes substantial changes in biodiversity on the global scale, as
well as in Germany. Indicators can help to illustrate this impact and make it easily comprehensible,
beyond science, for the public and politicians. Worldwide, indicators at the interface between climate
change and biodiversity are still underrepresented in indicator systems.

Thus, first appropriate indicators have been and, are being, developed. For Germany, six indicators
are currently under development, to complement the existing set of five indicators, on the impacts
of climate change on biodiversity, at the national level. However, data availability for indicator
development is still insufficient. Therefore, an improved database is a goal to strive for, in the future.

When developing new indicators for policy advice two different approaches are usually combined.
First, a data-driven bottom-up approach is determined by the availability of suitable data. Second,
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a top-down approach is based on political fields of action and related normative goals, for which
meaningful indicators and suitable data are sought. Both approaches have advantages, constraints,
and shortcomings. The scientific accuracy of the indicators, the availability of data, and the purpose of
policy advice have to be well-balanced while developing such indicator systems. As a matter of fact, in
many cases, data have been collected for certain purposes and are ex post used for other purposes that
have not been considered before.
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Abstract: On 1 January 2016, the 17 Sustainable Development Goals (SDGs) of the 2030 Agenda
for Sustainable Development—adopted by world leaders in 2015—came into force. They build
on the Millennium Development Goals (MDGs) and call for action by all countries to promote
prosperity while protecting the planet. Since the SDGs are not legally binding, governments are
expected to take ownership and establish national frameworks for the achievement of the 17 Goals.
Countries thus have the primary responsibility for follow-up and review of the progress made in
implementing the Goals, which will require quality, accessible and timely data collection. This will
be instrumental for both regional and global follow-up analyses and assessments—several such
major global assessments have already appeared. It might be supposed that the SDGs framework,
including indicators, is conceptually and methodologically well-designed and tested in order to
function reliably and provide guidance for such assessments. However, while it seems that the
current structure of the SDGs has provided a firm policy framework, the Goals and targets have
been mostly operationalized by indicators. We demonstrate and argue that without a procedurally
well-designed, conceptual indicator framework for selecting and/or designing indicators, the results
of SDGs assessments may be ambiguous and confusing.

Keywords: sustainable development goals; Agenda 2030; global indicator framework; sustainability
indicators; SDGs

1. Introduction

After thirty years of sustainable development summits, action plans, and reports, the major trends
in the planetary environment, social equity, and economic sustainability are still going in the wrong
direction, due to slow implementation, lack of public involvement, and inadequate information on
progress. Indicators play an instrumental role in making the concept of sustainable development (SD)
appealing to a wide spectrum of potential stakeholders as well as in assessing the progress [1-3].

Hundreds of different indicators are used in differing contexts for diverse purposes. It is difficult
to assess the impact of these indicators on policymaking and progress towards sustainability since
scientific information—such as that conveyed by indicators—is usually not sufficient to produce
changes in either national decision-making or individual behavior. Thus the most significant effect
of an indicator, particularly early in its adoption, can simply be communication—making a problem
visible, sensitizing decision-makers and the public and expanding the basis for decision-making [4].

In 2015, a summit of heads of state adopted the Sustainable Development Goals (SDGs) [5].
The SDGs in their recent form are a universal set of Goals, targets, and indicators that UN member
states will use to frame their agendas and policies over the next 15 years. Currently, they comprise
17 Goals, 169 targets, and 243 indicators [6]. It might be supposed that the SDGs framework—including
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indicators—is conceptually and methodologically well designed and tested in order to function reliably.
However, it seems that the current structure and format of the proposed Goals and targets has laid
“only” a policy framework. Being transparent and participatory in character, it is an appropriate way of
designing it provided that Goals and targets would get through thorough expert and scientific follow
up on their operationalization. Without a procedurally well-designed conceptual indicator framework
for selecting and/or designing indicators, the results of SDGs assessment may be ambiguous and
confusing [7].

The goal of this article is to critically review the state of the art in sustainability reporting by the
application of SDG indicators and contribute to setting an appropriate approach in this regard. We have
conducted a comprehensive review of the extensive body of work in this field—starting by reviewing
the theoretical foundations for the operationalization of the sustainable development concept (there is
more on this in the “Conceptualization and operationalization of sustainable development” section)
and then looking into existing practice. We have chosen four major current SDGs assessments to
examine how indicators have been used for the operationalization and communication of the SDGs.
Our analysis focuses, in particular, on their relevance for the intended audience, interpretation of their
results, and complexity of the assessment.

Our starting assumption is based on the original purpose of the SDGs—helping to further
mainstream sustainable development at all levels, integrating economic, social, and environmental
aspects and recognizing their interlinkages, so as to achieve sustainable development in all its
dimensions [8]. Consequently, we have assumed that applying the SDG indicator framework
inconsistently (by one) or uncoordinatedly (by many) in order to measure the same phenomenon,
that is., progress towards the SDGs, may cause serious problems. Such assessments may convey
very different messages that might raise doubts about the concept of SD or on the process of
its operationalization. A worthy long-term global effort for communication of progress towards
sustainability thus may be in vain or seriously undermined.

2. Indicator-Based Sustainability Communication

Despite recent scientific findings on many negative development trends [9], sustainability does
not seem to have become a near-term priority for society [10-12]. In the process of changing this
situation, an important role is given to sustainability communication. Its goal is to enable individuals
and groups to develop the competences to adequately interpret the often contradictory and confusing
scientific, technological, and economic information available to them and then be able to react to and
cope with the resulting long-term and complex societal challenges [13].

Sustainable development, understood as a societal process of exploration, learning and shaping
the future, necessarily involves communication. As global sustainability issues are characterized by
high complexity and uncertainty, effective communication processes between the many actors involved
are crucial to develop a mutual understanding of which actions to take [14]. In all three distinguished
modes of communication—communication about sustainability, communication of sustainability, and
communication for sustainability—sustainability indicators have an important role.

Indicators are by definition communication tools; indices, regardless of their many shortcomings,
are particularly effective for communicating results to executives and the general public. Failure to
communicate makes the indicators worthless. We may observe this in any context since knowledge
production, having received an unprecedented boost in recent years, is no longer the privilege of
an exclusive group of experts but takes place in a variety of constellations of actors. However, in
these inter- and transdisciplinary work contexts, not enough attention has been paid to the
problem of translating and communicating this knowledge in a way that is adequate to its
target groups (e.g., the results of the European research projects POINT (Policy Influence of
indicator (https://cordis.europa.eu/project/rcn/89898_en.html)) and BRAINPOol (BRinging Alternative
INdicators into POLicy (https:/ /cordis.europa.eu/project/rcn/100577_en.html)); or e.g., [15,16]).
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Targeting sustainability communication is one of the most important steps toward making a
problem visible, and hooking the interest and engagement of the target audience. It means identifying
appropriate addressees and ensuring that the message reaches them. Since sustainable development is
a multi-stakeholder process, indicators must be communicable to a variety of different participants.
In general, sustainability communication moves in a special network of relationships among the three
spheres of science, the public, and practice [17]. In more detail, some users need simple, structured
information (voters—the public, non-specialist media, and decision makers), whereas others prefer an
intermediate level of detail (local governments, policy implementers, non-government organizations,
funding bodies, and industries), while technicians and academics may need more technical and
specialized information. In targeting governments, it is useful to distinguish between politicians (ministers,
political party members, parliamentarians etc.) who make decisions, and policy makers, implementers,
and enforcers (mostly civil servants and experts in various positions with agenda areas such as economics,
social affairs, transportation, environment, etc.) who design policy and regulatory portfolios, evaluate
policy alternatives, analyze indicator results, and so on to provide the groundwork for decisions.

Indicators allow communication between scientists and policymakers, between policymakers
and decision makers/politicians, between politicians and the public, even between scientists and the
public, and so on. Communicating complex issues often presents difficulties since a large number of
indicators complicates communication and imposes a great demand on users” knowledge capabilities
because of the multidimensional character of sustainable development. Moreover, the problem is not
trivial, it is not just understanding figures and charts (presented indicator results), but people have to
grasp numerous underlying concepts that they are not necessarily familiar with.

A key challenge for sustainability indicators producers and/or promoters is to deliver easily
communicable messages on the progress towards sustainable development and hence to ease the use,
and enable implementation of indicators in the policy process and by citizens [18]. Regardless of the
use and users, we claim the need for the selection and design only of such indicators that fall into a
given measurement concept (a policy goal or objective, a policy measure, etc.) and contribute to its
appropriate operationalization.

3. Conceptualization and Operationalization of Sustainable Development

Before proceeding to the conceptualization and operationalization of SDGs, let us look briefly
at the sustainable development concept. Sustainability is a concept understood intuitively by all but
very difficult to express in concrete, operational terms [19-22]. Brundtland’s seminal definition [23]
serves as a springboard for a variety of interpretations that emphasize the issues of needs, limits
on development, futurity, inter- and intra-generational equity and the simultaneous fulfillment
of economic efficiency, environmental protection, and social justice goals. Although the term is
accompanied by imprecision, ambiguity, and, at times, contradictions, there is a generally accepted
understanding of what sustainable development means.

The pragmatic way to SD definition relates to its “measurement” and includes indicators, as
from the inception of the SD concept it has been clear that information and namely quantitative
indicators will play an important role [24]. Nowadays, there are many SD indicators and indices
already developed and new ones certainly have yet to appear, for example, [25,26]. Regardless of the
truth—whether there is an obsession with numbers stimulating an indicator explosion, or a lack of
indicators limiting humankind’s competence to embark on a sustainable path—many serious efforts
seeking reliable SD metrics have been made so far (the European Commission’s ‘Beyond GDP’, OECD’s
‘Measuring the Progress of Societies’, etc.). This line of thinking was emphasized and supported in the
main Outcome document of the Rio+20 Summit: “We recognize that progress towards the achievement
of the Goals needs to be assessed and accompanied by targets and indicators, while taking into account
different national circumstances, capacities and levels of development” [8].

One basic idea behind the development of indicators for monitoring and performance evaluation
of SD policies is evidence-based policymaking—indicators being viewed as knowledge-agents serving
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the simplification and communication of evidence in a form suited for policy- and decision-makers.
Besides this rationalistic conception of the instrumental role of knowledge for decision-making,
indicator influence has also conceptual and political dimensions (helping to diffuse ideas, alternative
thinking and new concepts rather that leading to political action). There are often trade-offs
between different types of influence and between the roles that indicators play in policymaking.
Indicator providers and promoters should therefore seek clarification for themselves concerning
the types of influence that indicators are expected to achieve in a given policy situation (is the
indicator-based report to consciously influence decision-makers, or is it to influence how policy-makers
think, define problems, or provide new perspectives on problems? Or to provide ammunition
to support the pre-determined position of a user? [18]). Thus, the purpose of the assessment
predetermines the indicator selection to the same extent as the concepts behind the Goals and targets.
We claim that concepts of SD as well as the SDGs and their targets cannot be solely defined by a
pack of statistics and indicators, regardless of how relevant they are and regardless of their use.
Employing indicators on the availability principle is methodologically incorrect and might lead to
distortions in development of policy agendas.

4. The Sustainable Development Goals

In 2015, a summit attended by heads of state adopted the Sustainable Development Goals
(SDGs) [5]. The SDGs, also known as the Global Goals, are a universal call to action to end poverty,
protect the planet, and ensure that peace and prosperity will be enjoyed by all. They are structured in
17 general themes (Goals), 169 more specific tasks (targets), and 244 indicators ( Since nine indicators
repeat under two or three different targets, the actual total number of individual indicators in the
Framework is 232), that is, there are 5-19 targets and 627 indicators per Goal (Table 1). Despite the
endorsed Global indicator framework, the work on the entire reporting mechanism is still in progress—data
for the global SDG indicator database must be checked for availability and quality, and storylines for SDG
global reports must be further developed [6]. The major identified weaknesses were the poor alignment
of targets and Goals with existing international agreements and political processes; lack of effective
implementation; conflicts between Goals and targets, non-quantified targets, lack of and/or low quality
data for indicators [27]. And most of all—lack of operationalization of the targets [7].

Table 1. Global indicator framework structure [6].

Goal Number of Targets ~ Number of Indicators
SDG 1 7 14
SDG 2 8 13
SDG 3 13 27
SDG 4 10 11
SDG 5 9 14
SDG 6 8 11
SDG 7 5 6
SDG 8 12 17
SDG 9 8 12
SDG 10 10 11
SDG 11 10 15
SDG 12 11 13
SDG 13 5 8
SDG 14 10 10
SDG 15 12 14
SDG 16 12 23
SDG 17 19 25

Total 169 244
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We agree with Holden et al. [28] that formulating the 2030 Agenda and defining the SDGs
would have been much easier if the world community had already reached a consensus on how
to define and operationalize the concept of SD. We insist that it is still necessary to define each
target, specify the concept behind each target, and describe what is and what is not part of that
concept, and so on. This step will be important particularly for the targets which have a broad,
multi-theme definition (there are majority such defined targets). This is to be followed by elaboration
of clear-cut and detailed formulations of working hypotheses on the measurement of particular
facts (phenomena, objects, processes) [29]. Only proper conceptualization and operationalization
of the targets will transform them from broad, vague, and mostly political /theoretical concepts to
tools which are clearly understandable in terms of empirical observations measurable or describable
by appropriate indicators. It is an urgent task—since the first SDGs reports have already been
published—to apply relevant and reliable indicators communicating global progress towards the
Goals. A task of the same importance is at national level. Each country should seriously pursue the
global SDGs concepts and methodologies and adapt them to national circumstances and conditions.
What does, for example, “equitable and quality primary and secondary education” mean in each
particular country and what policy implications does the underlying concept bring about? Is the
proposed global indicator (Proportion of children and young people at certain grades achieving at
least a minimum proficiency level in reading and mathematics) relevant and capable of capturing
both as a global phenomenon and nation-specific? Do values play any role in it? [30]. Such questions
should be laid and answered before publishing official SDGs reports.

5. Analysis of the SDG Reports

Several major reports monitoring the implementation of the SDGs emerged during the period
2015-2017. For the analysis we identified and selected four SDGs indicator-based assessments at global
or supra-national/regional scales:

The Sustainable Development Goals Report 2017 [31];
SDGs: Are the rich countries ready? [32];
SDG Index and Dashboards Report 2017: International spillovers in achieving the Goals [33]

Sustainable development in the European Union. Monitoring report on progress towards the
SDGs in an EU context [34].

We used Google Scholar (a widely-used web search engine indexing scholarly literature across an
array of publishing formats and disciplines) that generated these reports based on several searching
criteria. We searched for publicly available documents written in English, which were comprehensive
assessment reports (not journal articles), legitimate (in terms of mandate of the report’s producer or
its capability to conduct transparent high-quality analytical work), and at a supra-national or global
scale (not national reports), that included a combination of keywords “report” and “Sustainable
Development Goals”. It may be that the resulting list of major SDGs reports (November 2018)
is not fully comprehensive but it is very likely they will have an impact on the politicians and
policy-makers—and other users—they target. The reports’ main characteristics are in Table 2.

Table 2. Key characteristics of the analyzed SDGs assessments.

The Sustainable Sustamablhe SDGs: Are the Rich SDG Index and
Development Goals Development in the Countries Ready? Dashboards
Report 2017 European Union y: Report 2017
UN (Department of .
. . European Commission . . Bertelsmann
Developer/author Economic and Social (Eurostat) Bertelsmann Stiftung Stiftune and SDSN
Affairs—DESA) urosta ung a
Date of publication 2017 November 2017 September 2015 July 2017
Report extent 64 pp. 353/20 pp.* 106 pp. 122 pp.
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Table 2. Cont.

The Sustainable

Sustainable

SDGs: Are the Rich

SDG Index and

Development Goals Development in the Countries Ready? Dashboards
Report 2017 European Union v Report 2017
Global (Results per
Country coverage Global (Results per 28 (EU member states) 34 (OECD member 157 countries and
UN regions) states) L .
geopolitical regions)
Number of indicators 100 100/100 * 34 83 (OECD member
states—99)
Yes (Entire
Yes (Overview assessment is based
Headline indicators . .. No on “snapshot No
indicators; 2—4 per Goal) S ”
indicators”—
2 per Goal)
Link to global .
indicator Framework Yes (exclusive) No Yes Yes
Goal thresholds, . L Benchmarking Goal thresholds,
. L. Policy objectives, X N
Interpretation description of state and i against the top benchmarking,
benchmarking, trends .
development (trends) countries trends
Policy makers, Governments,
User Not specified Not specified businesses, academia, civil
civil society society, businesses
Supplementary Available separately Aloose link to the Reference to the data

information (on data

source for each

No

(at unstat.un.org/sdgs)  Eurostat statistical portal

and indicators) indicator

Note: * denotes a separately published Overview.

In terms of our methodological approach, we applied a comparative analysis. We started with
a description that provided an informative comparison about the reports concerned (the summary
results are in the Table 2). The key feature defining comparative analysis, as understood here, was an
interest in the explanatory question of why the observed similarities and differences between cases
exist. In particular, we tried to find out why the level of SDGs implementation in the same subject
(a country) is assessed differently by each report. The analysis was based on collection of data on all
cases included in the reports. The data was analyzed according to a designed common framework
comprising additional explanatory variables: relevance for the intended audience, interpretation of the
indicators results, and complexity of the assessment.

The relevance of the report—that is, relevance of the contained information—for the intended audience
is a key factor of success. If the Goals are important to and understandable by people, they will ask their
governments to act. Civil society must be able to put pressure on governments to hold them to account for
what they pledge at world summits [32]. However, the main Outcome Documents on SDGs (The future
we want (A/RES/66/288*) and Transforming our world: the 2030 Agenda for Sustainable Development
(UN A/RES/70/1)) are not very specific about the target audience—all countries and all stakeholders,
acting in collaborative partnership, are to implement the Goals. So it’s a whole society enterprise, with
governments in the broadest sense (ministers, elected politicians, policy makers—state and regional
administration officials, administrators, bureaucrats . .. ) on one hand and civic society components on
another hand (civic society organizations including business and entrepreneurs). A crucial factor for
enhancing particularly the instrumental role and direct utilization of indicators in policy is setting a proper
communication mode for the SDGs. Communication science has already developed to the extent that there
are specific types of communication, and thematically-defined communication mechanisms (sustainability
communication, climate change communication, risk communication etc.); see for example, [35,36].

Here, we focus on indicator-based communication on sustainable development. Based on the
indicator’s characteristics, the communicated information may be either highly composed/aggregated
or detailed; just proxies for main topics or exhaustive; technical or lay-focused, and so on. The typology
of indicators, types of use (instrumental, conceptual, political), and users may be seen in [37-39].
In general, the public requires relatively simple, condensed, and easy to interpret information; it seems
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that just a limited number of indicators are sufficient. By contrast, professionals—policy makers,
statisticians, and administrators need more detailed, disaggregated data and indicators suitable for
further analyses. Politicians are somewhere in between: in terms of what they might be expected to do
with indicators, they are closer to policy-makers (professionals) but in terms of the level of detail they
might be expected to process, they are probably closer to the public. Specific users such as the business
community, media, teachers, and so on then usually require thematically targeted information meeting
their specific needs. Many major reports and assessments therefore publish special overviews and
summaries for politicians, business, NGOs etc. Hence first we explore whether the format—namely
number and type—of reported indicators may affect the intended audience.

The second variable is defined on the assumption that every assessment should have a clearly
specified use (purpose) and audience. Interpretation of indicators results is an important part of
indicator use: alongside their instrumental role, indicators can play a useful role in fostering social
learning, for example, by helping to structure policy problems, build indicator frameworks, and clarify
the various interpretations concerning the information indicators convey. An important aspect is the
use of target values—policy objectives, legislative limits and standards, sustainability reference values
etc. Thus SDGs may be assessed according to a desirable development in time (trend analysis) or
according to relevant target values (distance to target approach) (See more in [40—42]). Since SDGs
reports also employ compound indicators—indices—it is important to keep in mind both the pros
and cons of their usage [43-45]. Lastly, it is necessary to distinguish the statistical use of information
the purpose of which is to describe reality without any interpretation. With indicators the purpose is,
specifically, to evaluate the development of policies and their impact on the state of affairs [34,46].

The last variable—complexity—regards selection of the indicators. Indicators always make
the measured concept (more) complete but it in the case of the SDGs this criterion is of the utmost
importance because of the low level of conceptualization of Goals and targets. To explore this variable,
we look into the link between the employed indicators in each report and the Global indicator
framework [6]. Although the Framework is a dynamic structure that will be probably be refined
and specified to some extent building on experience and new indicator methodologies, we may assume
it will provide firm guidance for both global assessments as well as for conducting national and
thematic reviews of the Agenda 2030 [47]. Therefore, this variable shows to what extent the analyzed
reports employ the framework (i.e., its indicators) assuming that it would secure some consistency
among assessments conducted by different actors and/or at different times. Ideally, metadata
of all used indicators (definitions, data sources, uncertainties, etc.) would be checked across all
analyzed documents to identify sources of differences in results—different data, different indicators,
methodologies, or just different terminology. Despite the importance of such information, it exceeds
the scope of this article; however, we checked consistency among all indicators employed in the four
analyzed reports and in the framework (name and rationale of indicators) (Table 3) as inexplicable
differences in results might raise doubts among statisticians and experts.

Table 3. Consistency check of indicators in the four analyzed reports and the Global indicator
framework (An example of the Goal 11, selected targets 11.1, 11.2, 11.6 and 11.7).

Goal 11 Make Cities and Human Settlements Inclusive, Safe, reSilient and Sustainable

The Sustainable Sustainable SDGs: Are the rich SDG Index and
Global indicator framework (IAEG-SDGs) ~ Development Goals ~ development in the com{tries ready? Dashboards
Report 2017 European Union v Report 2017

Target 11.1 By 2030, ensure access for all to adequate, safe and affordable housing and basic services and upgrade slums

11.1.1 Proportion of urban population Proportion of urban .
A . P Poor dwelling
living in slums, informal settlements or population living - na. na.
. X . conditions
inadequate housing in slums

Target 11.2 By 2030, provide access to safe, affordable, accessible and sustainable transport systems for all, improving road safety, notably by
expanding public transport, with special attention to the needs of those in vulnerable situations, women, children, persons with disabilities
and older persons
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Table 3. Cont.

Goal 11 Make Cities and Human Settlements Inclusive, Safe, reSilient and Sustainable

11.2.1 Proportion of population that has
convenient access to public transport, by n.a.
sex, age and persons with disabilities

Access to public
transport

Target 11.6. By 2030, reduce the adverse per capita environmental impact of cities, including by paying special attention to air quality and municipal
and other waste management

Proportion of urban

population living in Particulate matter,

11.6.2 Annual mean levels of PM2.5 and . Concentration of share of population PM2.5 in urban
S areas meeting WHO . ) 3
PM10 in cities air quality particulate matter exposed to >15 areas (ug/m>)
PM2.5 standard ug/ cbm

11.7 By 2030, provide universal access to safe, inclusive and accessible, green and public spaces, in particular for women and children, older persons
and persons with disabilities

11.7.2 Proportion of persons victim of
physical or sexual harassment, in the na. na. na. na.
previous 12 months

Indicators used in the assessments not linked to the Global indicator framework

Population living in
na. na. households suffering ~ Rooms per person
from noise

Rent burden (%
disposable income)

6. Results

This section provides an overview of the main findings based on the three variables defined in
the research framework.

Report: The Sustainable Development Goals Report 2017

The Sustainable Development Goals Report 2017 published by the UN Department of Economic
and Social Affairs (UNDESA) reviews progress towards the 17 Goals in the second year of
implementation of Agenda 2030. It employs 100 indicators to monitor the achievement of SDGs
that are fully based on the Global indicator framework. Selection of indicators is not intended to
represent the SDG targets according to their importance as all Goals and targets are equally important
and will need to be addressed by the appropriate indicators [31]. The first part of the report—an
Overview—emphasizes key global results in all 17 Goals. Clear short messages are accompanied by
simple graphics (symbols, charts, maps). The analytical part of the report then presents more detailed
information in various formats based on data availability—global results or figures disaggregated
by the standard UN country groupings (Sub-Saharan Africa, Oceania, Northern Africa and Western
Asia, Central and Southern Asia, Europe and Northern America, Latin America and the Caribbean,
Australia and New Zealand, and Eastern and South-Eastern Asia). The indicators mostly show trend
developments or only the last available year.

Several findings may be drawn from the report analysis: The first regards its communication
power. The report is not very voluminous as it contains concise and condensed information.
The 8-page Overview part is appropriately designed for politicians and the general public (and perhaps
specific groups such as educators etc.). The analytical part seems to be more appropriate for
professionals—policy makers, experts, specialized NGOs etc.). Indicators provide a statistical
description of the state of affairs and a trend analysis over several years or just a simple visualization
of the time development between two times in both global and regional scope. Global objectives for
the Goals are used for the results interpretation when available. Thus, the report is appropriate for a
broad audience interested in global development issues.

Report: Sustainable development in the European Union: Monitoring report on progress towards the SDGs
in an EU context

The European Commission—or sensu stricto Eurostat, the statistical agency of the EU—monitors in
this report the “next steps for a sustainable European future and European action for sustainability” [34].
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Progress in all 28 EU member states is assessed by 100 indicators; each Goal has six indicators primarily
attributed to it (Goals 14 and 17 have only five). Forty-one out of the 100 indicators are multi-purpose,
that is, they are used to monitor more than one SDG. The indicators are not based on the Global
indicator framework (despite there are many overlaps) but with a few exceptions they stem from
already existing indicator sets used for monitoring long-term EU policies, such as the EU Sustainable
Development Indicators, the Europe 2020 headline indicators, performance and impact indicators of
the Strategic Plan 2016-2020, and so on. Like the above UN report, the EU Monitoring report offers an
overall picture of the EU’s development (aggregated EU-28 level) but it also looks into disaggregated
data for all member states. Whenever possible (in 16 cases), the calculation of indicator trends takes
into account concrete objectives set in relevant EU policies and strategies. All indicators are interpreted
also by trend—towards or from the objective or desirable path (even for indicators without quantitative
objectives Eurostat has developed a method showing the pace and direction of indicator development).
Besides the main bulky document, a 20-page “Overview of progress towards the SDGs in an EU
context” published separately presents a first statistical overview of short-term trends (five years)
relating to the SDGs in the EU by easy-to-grasp symbols for the same indicators as the main report.

The main report is quite extensive (372 pages) and it is likely to be assigned to policy makers
and professionals. Although the abridged Overview is just a brochure it is still an information-rich
document—the number of indicators is quite large to be read and understood as a whole. In both
publications, figures, charts and symbols create a false impression of even more indicators, orientation and
correct understanding of which is not easy, in particular for lay people. This makes not only complicated
reading but also obscures understanding of the SDGs operationalization. In addition, some indicators
(e.g., agricultural factor income, low work intensity, relative median at-risk-of-poverty gap) are not
intuitively understandable in terms of meaning, interpretation, or relation to other indicators and objectives.

The EU SDG indicator set is the result of the official/political initiative involving a wide
consultation process among Member States’ statistical authorities, European Council Committees,
Commission services, the European Statistical Advisory Committee, members of academia and various
international and non-governmental organizations. Thus, a thorough discussion on all Goals and
targets may be assumed. Despite the EU having its own legitimate priorities for both domestic and
international agendas, differences in operationalization (demonstrated by different indicators and
their interpretation) may be viewed as (i) an inability or unwillingness to come to conclusions on
the definitions of Goals and targets and/or (ii) taking into account “policy relevance from an EU
perspective, availability, country coverage, data freshness and quality”. Policy relevance from an EU
perspective may denote that the employed indicators are related exclusively to the objectives of the
European policies. Then in fact, they would measure only what has been measured in the EU anyway,
meaning unclear. However, the “SDGs implementation” in terms of measurement is supposed to help
to identify the role of European countries in a global effort for sustainability as well as to contribute to
SDGs operationalization by bringing well-elaborated and justified regional perspectives

Report: SDGs: Are the rich countries ready?

This report [34] examines how exclusively high-income countries are currently performing in SDGs
achievement. In total 34 “snapshot indicators”, two per Goal, were selected based on the following
three criteria: (i) Feasibility: Data must be available today in good quality at least for OECD countries;
(ii) Suitability: The indicator should represent the—often multifaceted—Goal in a broad sense like a
headline indicator; there should be a close conceptual fit between Goal and indicator; the indicators should
be appropriate for the particular challenges of economically advanced nations; (iii) Relevance: The indicator
should stand a good chance of becoming an actual part of the SDG monitoring system as currently being
discussed by the Inter-Agency Expert Group for SDGs (In 2015 the United Nations Statistical Commission
created the IAEG-SDGs and tasked it with developing and implementing the Global indicator framework
for the Goals and targets of the 2030 Agenda) IAEG-SDGs).
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The 34 reported indicators have a plausible potential for communication on sustainability provided
there is a thoughtful process of indicators selection. Such “headline indicators” would, by definition,
capture the most important aspects of each Goal but they could not express their full operationalization.
The indicators passing the above criteria (feasibility, suitability and relevance) were selected from a broad
pool of global indicators—the Global indicator framework [6], SDGs monitoring indicators [48], and
Sustainable Governance Indicators (a framework with 136 indicators) [49]. The report offers an overall
“country league” ranking based on each indicator and SDG index (calculated as an unweighted average of
all 34 indicators). The former benchmarks countries’ performance to the five best performing countries
and thus compares each country with the realistically achievable results of their peers. The latter provides
results of the first attempt for an integrated view of countries’ SDGs performance. Lucid visualization
by radial charts for country profiles and bar charts for country rankings provide an evidence base for
policymakers, businesses, and civil society to act.

An indicator selection—although based on three robust criteria—is inevitably an arbitrary decision
always raising conceptual and methodological concerns. Other indicators would likely provide
different rankings, different interpretation, different uncertainties, and so on. Another prerequisite of
the credible indicator-based assessment is full comparability of data and indicators (in terms of sources,
definitions, methodology, and interpretation), in particular for such a scientifically and politically
sensitive task as country ranking (naming and faming—or shaming;, is still the usual interpretation of
results). In that regard, some indicators are not methodologically comparable or have low information
value on/for some countries (secondary school attainment), are irrelevant (ocean health), or are not
unambiguously interpretable (indicators using GDP ratio). The resulting numerical ladders look nice
and scientific but they may not be justified by correct numbers.

Report: SDG Index and Dashboards Report 2017

This report was prepared by a team of independent experts of the Sustainable Development
Solutions Network (Sustainable Development Solutions Network is an independent global network
of research centers, universities and technical institutions aiming to mobilize scientific and technical
expertise for problem-solving in relation to sustainable development. It was initiated by the UN
in 2012) and Bertelsmann Stiftung (Bertelsmann Stiftung is a German private operating foundation).
For 83, or 99 resp. (OECD countries have more accurate and better data available across a wide range
of indicators, so 16 additional variables created an Augmented SDG Index for the OECD countries),
of the used indicators, the official SDG indicators proposed by the Global indicator framework are
employed where possible. New data and improvements in methodology are major changes from the
previous year’s report. It strengthens the legitimacy and credibility of the SDGs operationalization;
however, it is not a global multi-stakeholder consensus on SDGs assessment but an expert-based effort.
It seeks to assess in particular the adverse “spillovers” (Positive and negative spillover effects are
called “externalities” in economic literature)—development patterns of the rich countries that may
hinder the ability of poorer countries’ to achieve the SDGs (e.g., high consumption levels, banking
secrecy and tax havens, weapons exports, etc.). The underlying assumption is that traditional SDG
indicators mostly ignore these spillover effects and therefore favor the high-income countries tending
to generate them to a significant extent. Thus, the report identifies and measures three groups of the
most important SDG-related spillovers and misuses of the global commons: environmental spillovers;
spillovers related to the economy, finance, and governance, and security spillovers. Both the SDG
index and dashboard use the same indicators.

The geographical coverage is 157 (out of the 193) UN member states. They can benchmark themselves
against their peers—individual countries or relevant geopolitical regions (OECD countries, Eastern Europe
and Central Asia, Latin America and the Caribbean, East and South Asia, Middle East and North
Africa, Sub-Saharan Africa)—as well as against the Goal thresholds (absolute quantitative thresholds
are used when possible, for example, zero poverty, universal school completion, full gender equality).
These thresholds are derived from the SDGs and their targets or other official sources; when no such
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thresholds exist, an average of the top five performers is used. The importance (relevance) of the assessment
is emphasized by comparing the country’s performance on the SDG Index to other common development
metrics: GDP per capita, subjective wellbeing, Human Development Index, Environmental Performance
Index, Global Competitiveness Index and Global Peace Index. The key users of the report results are
governments; besides them, it explicitly aims at other SDG stakeholders such as businesses, civil society
organizations, foundations, universities, media, and others who “have a vital role in turning the SDGs into
practical tools for explaining sustainable development” [33].

7. Conclusions

The current UN Sustainable Development Goals will frame global action until 2030. The SDGs
are already firmly embedded in a policy framework: during the course of their development they
went through a political process and broad political negotiations. For monitoring and assessment
of global sustainability an agreed set of global indicators was designed [6]. If this framework is
used inconsistently, for example, if only arbitrarily selected indicators, additional indicators to some
targets, compounds (indices) created from some indicators, and so on are used, the results will
be commensurately inconsistent, incomprehensible, or even dubious. Despite the fact that SDG
assessments are not intended to replace or compete with other SDG monitoring and indicators, in fact
they do. If they motivated intergovernmental or/and national agencies to develop a suite of monitoring
systems supporting the SDG indicators, such testing and experimenting with various indicators and
indices would be well justified. However, the current inconsistent messages conveyed by the four
analyzed SDGs assessments may be interpreted not as a call for better data and full conceptualization
of all targets but as a rash exercise of researchers and experts almost randomly quantifying any SDG
metric at hand. It is needless to say that it may open room for skepticism concerning the role of
indicators as policy support instruments.

A flagrant example of inconsistent results is the SDG index. Regardless of the fact that the SDGs
indicators have not been primarily designed for this purpose (therefore their authors have not handled
issues of their substitutability, doublecounting, autocorrelations etc.), the SDG index is an attractive
idea. Aggregated indicators, composites, indices and so on have always drawn attention due to their
main advantage—simplifying communication of even complex issues. The real problem occurs when
two similar indices show very different results. In particular, when the indices are named the same, or
similarly assess the same facts or phenomena, they show remarkably distinct results. Only experts
are, in fact, usually aware of the conceptual and/or methodological differences and therefore they
understand the ensuing differences in results. While some results show good consistency of ranking
(e.g., Sweden—1st place, Germany—o6th place, etc.), the Czech Republic may serve as a country
where inconsistent results may be politically harmful: One SDG index [32] ranks it in 24th place
in country ranking (out of 34 assessed OECD countries)—that is, among the worst third—while a
similar SDG index [33] places the same country at a very positive fifth place in the global competition
(among 157 assessed countries). Unlike the Czech improvement—or more precisely “positive difference”
of 19 places—the US lost 13 places (29. vs. 42.), Mexico 24 places (24. vs. 58.), and Turkey 34 places
(33. vs. 67.). These differences are not caused just by different country samples—countries are placed
differently since the indices are different. After getting such unclear overall information, assessment of
particular targets also requires careful reading and some knowledge of interpretation. For example,
a Czech reader interested in the topic of poverty (Goal 1), finds out that the global number of people
living in extreme poverty fell significantly while people at risk of poverty in Europe are still numerous
and thus it is moving away from sustainability objectives; however, while the Czech Republic is
currently doing best at this indicator (much better than more affluent Germany or UK) it does not
tell us anything about whether this is at a sustainable rate. Every assessment thus provides an
important piece of the SDG puzzle; however, putting them together and seeing the whole picture it
not a trivial enterprise.
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Sustainability assessment is a tremendously difficult task, see for example, [50,51].
Besides developing new scenarios, models, and indicators it is necessary to assess the existing
ones and account for their strengths and weaknesses, in particular in their role as policy support
instruments—systematic research into that must continue, in particular in scientific journals.
Experimenting with various SDGs rankings and indices may have a clear and acceptable rationale in
terms of context analysis, correlation calculations, sensitivity analysis, and other numerical testing.
We argue that different and inconsistent results published publicly and mostly channeled to the same
audience (mostly politicians and policy makers) may cause serious misunderstanding or doubts on
the capability to assess SDGs implementation: Have countries” performances improved or worsened
suddenly and inexplicably? Has the methodology changed and measured the same phenomenon
differently? Have the indicators evinced big errors/uncertainties? Etc.

As mentioned above, the SDGs (i.e., Goals and targets) are firmly embedded in a policy framework
and their operationalization has been mostly done by indicators. Because such an approach generates
many caveats [7,52], it is absolutely necessary that the expert community reach full consensus on the
indicator framework and its use. As emerging needs show, the global set of individual indicators should be
complemented by a set of key (headline) indicators while an SDG index raises more doubts than gains so far
(similarly to other sustainability indices mostly having negligible use in policy making). An instrumental
role in this process belongs to the IAEG-SDGs. The UN Statistical Commission foresees the possibility of
yearly refinements to the Framework and of two comprehensive reviews in 2020 and in 2025 [53]. Such a
clear work plan with the strong leadership of the UN gives a chance to replace the “survival of the fittest”
approach (very appropriate in the context of research published in scientific journals) and effectively make
progress in the understanding of the SDGs at global level. In parallel, due to national adaptations of
the Goals, targets, and related indicators many complementary data sets and indicators for national and
regional SDGs assessment will emerge over time.
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Abstract: Sustainable Development Goal 12 (SDG 12) requires sustainable production and consumption.
One indicator named in the SDG for resource use is the (national) material footprint. A method and
disaggregated data basis that differentiates the material footprint for production and consumption
according to, e.g., sectors, fields of consumption as well as socioeconomic criteria does not yet exist.
We present two methods and its results for analyzing resource the consumption of private households
based on microdata: (1) an indicator based on representative expenditure data in Germany and
(2) an indicator based on survey data from a web tool. By these means, we aim to contribute to
monitoring the Sustainable Development Goals, especially the sustainable management and efficient
use of natural resources. Indicators based on microdata ensure that indicators can be disaggregated
by socioeconomic characteristics like age, sex, income, or geographic location. Results from both
methods show a right-skewed distribution of the Material Footprint in Germany and, for instance,
an increasing Material Footprint with increasing household income. The methods enable researchers
and policymakers to evaluate trends in resource use and to differentiate between lifestyles and along
socioeconomic characteristics. This, in turn, would allow us to tailor sustainable consumption policies to
household needs and restrictions.

Keywords: sustainable production and consumption; resource indicator; sustainable development
goals; material footprint; household consumption; microdata

1. Introduction

Meeting the resource demand of a growing global consumer class increasingly affects the
environment and places a burden on climate and ecosystems [1]. Since household consumption
and production for consumer goods are at the core of the present resource-intensive lifestyles, it is
important to analyze the behavior of private households and assist them in transforming their routines
into more sustainable ones. This means providing new technologies, products, and services that
enable, perhaps even stimulate, a resource-friendly life. Production and consumption in this sense form
an interlaced system that can only be thought and developed in an integrated way.

Resource efficiency in the context of sustainable production and consumption is currently gaining
attention on a national and international level. The current trend towards Product Service Systems (PSS)
as an approach for increasing sustainability can contribute to a sustainable way of linking consumption
and production [2-5]. Several attempts have been made to support the development of low-resource
and socially accepted approaches of integrating production and consumption. Examples for this
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are the Consumer Information Program of the 10 Year Framework of Programmes on Sustainable
Consumption and Production (10YFP) as well as the European Union with its Ecodesign Directive [6,7].

The Sustainable Development Goal 12 (SDG 12) “Ensure sustainable production and consumption
patterns” integrates a wide range of stakeholders into the process of increasing sustainability in
consumption and production [8]. However, the ambitious SDGs and their subgoals require appropriate
indicators for measuring the status quo and the progress until 2030. There is a lack of indicators
which are able to provide the necessary differentiation for socioeconomic characteristics like sex, age,
or income [9] and fields of consumption like housing or mobility that hampers the process of providing
improved assistance for producers and consumers in implementing more sustainable product-service
systems and production and consumption patterns [10] as advocated by SDG 12.

Germany published its first sustainability strategy in 2002 and reports the progress towards its
goals every four years [11]. This strategy includes different indicators for measuring the development
of sustainability in Germany. The latest update from 2016 adopts the framework of the Sustainable
Development Goals (SDGs). Besides this strategy, Germany implemented a National Program on
Sustainable Consumption that aims to identify the relevant fields of action and adequate measures [12].
It gives five guiding principles for a sustainable consumption policy, for example enabling consumers to
implement a sustainable way of consumption. In this respect, the German Program on Resource Efficiency
(Progress II) demands the implementation of a National Program on Sustainable Consumption in order to
promote resource efficiency in consumption [13]. Therefore the program strives to develop and improve its
set of indicators for a better measurement of the effects of changes in consumption. Behavioral changes in
favor of more resource efficient consumption are still hampered by obstacles such as a lack of information
and personalized feedback applications. The National Program on Sustainable Consumption suggests
providing such information by the use of assisting carbon and resource calculators [12].

Certain routines and social practices in consumption, as well as patterns in production and existing
business models, complicate a change towards a more sustainable behavior [14]. Sustainable consumption
requires sustainably designed product service systems and infrastructures [15]. It is only possible to shape
both together and step by step. Progress or regression, as well as rebound effects, must be visible and
therefore demonstrable. Indicators play a crucial role in setting up goals and measuring progress in this
regard. They simplify the complex cause-effect chains within our societies, economies, and with our
environment. On a national level, indicators can be used to develop pathways for sustainability or to
identify trends. Scenario developers usually use these goals and indicators to define a target corridor
in comparison to a status quo or business-as-usual. They are but a tool for aggregated measurement of
impacts and not their management.

However, indicators can potentially also be a tool to evaluate and inform in a differentiated
way by depicting and sometimes explaining the differences—with the means of modern societies
almost in real time. This would make them relevant not only politically (programmes and measures),
but also in everyday decision-making situations, whether in a company (products, infrastructures)
or in a household (lifestyles). This can be achieved using microdata (e.g., from online surveys) and
combining it with already existing methods.

Recent research has managed to quantify some levels of sustainable resource use. While the
global material extraction has drastically increased over the last four decades (from 26.7 billion tonnes
in 1970 to 75.6 billion tonnes in 2010) [16], material consumption levels in Europe already reached
40 tonnes per capita and more at the beginning of the century [17]. By comparison, Lettenmeier et al.
calculated a sustainable level of only 8 tonnes of a Material Footprint (per person and year) [18],
using the MIPS concept (Material Input Per unit of Service) This means a reduction by the factor
five, which requires an appropriate consumer policy and education for sustainable consumption
patterns [19]. MIPS (developed by Schmidt-Bleek in the 1990s [20]) provides micro-economic indicators
for the resource use of households that include the extraction of materials with and without economic
use (e.g., overburden from mining). Its methodology is based on Material-Flow-Accounting and
compatible with similar input indicators such as cumulated energy demand (ced) or cumulated raw
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material demand (KRA). Its indicator Material Footprint can also be adapted to the currently suggested
SDG 12 indicator with the same name. Recent methodological developments make use of improved
LCA data [21-25].

Further research in the field also allowed us to differentiate between different household types
(milieus) and their resource use, although limited to small samples of selected households using
a diary approach. It could also be shown that the calculation of Material Footprints for households
is compatible with methods for the calculation of Carbon Footprints, thus allowing us to compare
lifestyles with high resource use but low carbon intensity and vice versa [21,26].

Two tools have developed that aim at supporting consumers in transforming their consumption
patterns and are supposed to develop synergy effects by combining them. Buhl et al. [10] developed
a Material Footprint (MF) indicator based on the MIPS concept and microeconomic expenditure data
in Germany. This indicator was already used to analyze the behavior of households in Germany and
the German federal state of North Rhine-Westphalia (NRW) and allows for differentiation between
regions (here, the federal states of Germany and Germany itself), socioeconomic characteristics of
households and between categories of consumption. The other method is based on microdata that is
directly obtained from an online tool. The “Resource Calculator” [27] is a free online application that
enables consumers to examine their consumption patterns by calculating their own Material Footprint.
Consumers can also supply information about their socioeconomic characteristics on a voluntary
and anonymous basis (such as age or years of schooling). Thus, the Resource Calculator provides
an anonymized dataset for analyzing the resource use of private households that—in future—could
provide a representative basis for a new indicator of consumption in the future using a consumer
panel. The calculator itself could also be developed further as an interactive tool for real-time decision
making in all-day routines and practices.

The aim of this paper is to contribute to the process of examining the consumption patterns of
households and to provide the means for micro-economic SDG indicators. Using the example of
natural resource use, the authors show how environmental indicators can be differentiated for private
household types and categories of consumption. We posit that using microdata is a viable solution to
distinguish between the age, sex, income, ethnicity, geographic location, and other characteristics as
required by national policies in Germany [28-30]. We propose to enhance the present highly aggregated
macro-oriented indicator system for SDG 12 with the help of disaggregating microeconomic data
and indicators.

We hypothesize that a micro-based Resource Consumption Indicator could be an adequate tool to
monitor consumer’s Material Footprint and target achievement (measurement but also management).
Differentiating indicators between arrays of consumption and different consumer groups reveal shifts
and changes between arrays and groups that may otherwise stay undetected and camouflaged by
aggregated macro indicators. Additionally, the online tool based Resource Lifestyle Footprint could
help to facilitate achieving the given targets and address the different types of households and lifestyles
appropriately in this process.

We start by introducing the data and methods that we used in Section 2: the Resource
Consumption Indicator (Rcy) and the Resource Lifestyle Footprint (R g). The results are presented in
Section 3, followed by a discussion of limitations and the derived implications in Section 3. In Section 5
(conclusion), we put the results into the context of research and consumer policies.

2. Methodology

The following section describes briefly the methods and data used for calculating the Material
Footprints of both Resource Consumption Indicator and Resource Lifestyle Footprint. The Resource
Consumption Indicator (1) relates top-down resource-intensities of consumption in a country to
expenditures of consumers. The Resource Lifestyle Footprint (2) models the resources of product-services
and their use bottom up. Both approaches account for the amount of extracted abiotic and biotic materials
from nature and relate them annually on a per person or per capita basis.
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2.1. The Resource Consumption Indicator (R¢y)

The first approach is based on tables on international trade (see Reference [31] on multi-regional
footprint analysis). These multi-regional Input-/Output tables (MRIO) allow for the accounting of
globally extracted raw materials (alongside other indicators) for goods consumed within a country
(including imports but excluding exports of an economy). By allocating these goods to the consumption
of households, country-specific resource-intensities are that can be directly linked to country-specific
household expenditures calculated (see also References [32,33]). This top-down model converts traded
monetary value into the physical material use of households, thus linking the macro-economy with
microdata on the level of households. It provides a holistic view of resource consumption and is
consistent when comparing countries with each other. Thus, it can be used to generate representative
data on the resource use of households in countries and to differentiate levels of resource consumption
depending on socioeconomic characteristics in the microdata. Buhl et al. (2016) [10] successfully
applied the resource intensities to household expenditure data for Germany in order to describe the
Material Footprint (sum of globally induced resource extractions) of different households in the federal
state of North-Rhine-Westphalia in Germany itself.

The weakness of this top-down approach is its inability to explain the differences between
household types and their resource consumption sufficiently. The highly aggregated data with respect
to resource intensities based on MRIO tables also does not allow the identification of specific product
and service options for more sustainable measures by households or policies catering towards a more
resource-efficient lifestyle. This is where bottom-up models can help to fill data gaps by focusing on the
most relevant areas of consumption and disaggregating further into different services and products.

To measure private household consumption for the approach of the Resource Consumption
Indicator, data from the German Survey of Household Income and Consumption (EVS) for the years
2003, 2008 and 2013 were used. The EVS is conducted by the Federal Statistical Office, using household
expenditure as a proxy for consumption. The data are structured into eleven main categories and
152 subcategories according to the Classification of Individual Consumption per Purpose (COICOP).
The analysis described here focuses on the eleven main categories. Furthermore, the EVS includes
socioeconomic data and enables a differentiation between different groups of households or individuals,
clustered by characteristics such as age or household net income [10].

Table 1 shows the summary statistics for the yearly expenditures of the main categories between
2003 and 2013 in Germany.

Table 1. The overview of selected variables and descriptive statistics of the EVS.

N (Sample Size) Mean Std.Dev. (Standard Deviation)
Variables 2003 2008 2013 2003 2008 2013 2003 2008 2013
Food and beverages 42,744 44,088 42,792 36347  3831.69 382574  1933.35 2060.8 2100.27
Clothing 42,744 44,088 42,792 164634  1514.8 157743 157212 1569.62 1665.11
Housing 42,744 44,088 42,792 944924 964225 10,7465 633731  4900.78 5129.06
Furnishing 42,744 44,088 42,792 190051  1624.52  1671.71  4191.31 3805.17 3702.8
Health 42,744 44,088 42,792 133244  1438.11 155215 382246  3694.82 4232.48
Transport 42,744 44,088 42,792 4610.35 468723  4628.17  11,824.1 10,489.9 11,369.6
Communication 42,744 44,088 42,792 896.51 833.13 821.45 668.83 527.96 554.92
Recreation and Culture 42,744 44,088 42,792 3807.11 3701.09  3575.99  4002.47 4512.23 4743.77
Education 42,744 44,088 42,792 298.38 292.53 272.98 865.56 1046.73 1070.36
Hotels 42,744 44,088 42,792 147748  1654.37  1782.77  1890.12 2143.4 2316.07
Miscellaneous 42,744 44,088 42,792 1379.76  1351.69  1297.62 189259  2103.99 1948.51
Household size 42,744 44,088 42,792 243 228 2.10 1.23 117 1.09
NRW 9223 7708 7823 1 1 1 0 0 0

Data: German Survey of Household Income and Consumption, 2003, 2008, 2013. Expenditure data in Euro.
“Household size” and “NRW” (i.e., living in the federal state of NRW in Germany) represent socio-demographics of
the sample.

The expenditures of households in the EVS were related to so-called resource intensity factors
(household resource use per Euro). These factors stem from multi-regional input-output analyses
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(MRIO) of economy-wide material flow accounts and the continuous household budget surveys for
Germany in the year 2005. Table 2 provides an overview of the average resource intensities in the main
consumption categories [34].

Resource intensities allow the measurement of the impact of private consumption on the
environment and can be used to calculate the Material Footprint of consumption. The calculation of
the Material Footprint based on microdata on expenditure (EVS) and respective resource intensities of
the main COICOP categories are described in Appendix A.

The further analysis is based on the differentiation between the main COICOP categories from
“Food and beverages” to “Miscellaneous”. However, Buhl et al. (2016) show an application of the
method that further differentiates within the main COICOP category “Transport” by calculating
resource intensities for specific transport services like local and long distance trains, air travel, or the
use of second-hand cars [10].

Table 2. The resource intensities of private household consumption in Germany.

Consumption Categories Resource Intensity (kg/€)
Food and beverages 5.09
Housing etc. 3.18
Furnishings etc. 2.99
Transport 1.50
Restaurants and hotels 1.40
Health 0.60
Education 0.48
Recreation and culture 0.41
Communication 0.37
Clothing 0.19
Miscellaneous 0.19

Based on Buhl et al., 2016 [10]. Data: Buhl and Acosta 2015 [32].

2.2. The Resource Lifestyle Footprint (Rpr)

The “Resource Calculator” tool (see https:/ /www.ressourcen-rechner.de/) provides a footprint
of a household’s lifestyles. It calculates the Material Footprint of products, their services, and usage
directly and over the whole lifecycle of their production, use, and end-of-life (including material
extractions in other countries). It combines quantitative (and often physical) survey data on household
consumption with survey data on socioeconomic characteristics and household attitudes in order to
calculate an individual or lifestyle footprint. This approach allows us to identify drivers and barriers of
resource use and matches socio-demographic characteristics, lifestyle decisions, subjective attitudes or
assessments, social norms, and individual preferences as well as budget restrictions to the individual
footprint or ecological backpack (see References [35,36] on the concept). Resource use can thus be
reduced not only by consuming resource efficient products, but also by improving the service these
products provide. This bottom-up model has been successfully tested in several studies ([18,21,26]) and
is compliant with the Material Flow Accounting (MFA) and Life Cycle Assessment (LCA) methodology.
It is also compatible with generic databases for lifecycle inventories as well as assessments of output
indicators such as carbon footprints (as shown by References [22,23]).

The calculator generates a growing database because of its permanent online accessibility.
Besides questions regarding the most important fields of consumption like housing and mobility,
users can voluntarily and anonymously provide data concerning their socioeconomic characteristics.
This was surveyed alongside other subjective attitudes and norms such as relative household income
in comparison, subjective health or subjective well-being. Table 3 lists the different areas of private
consumption in the Resource Calculator.
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Table 3. The description of consumption categories in the Resource Calculator.

Groups of Consumption in Resource Calculator Description of Category
Nutrition diets, food waste, and consumption of foodstuffs and drinks
Housing buildings, heat, and electricity use
Consumer Goods appliances, clothes, furniture
Mobility day-to-day travel with cars, bikes, public transport
Leisure hobbies, sports, cultural activities
Vacation vacation travel and accommodation

The Resource Calculator application was advertised via different channels such as the website of
the Wuppertal Institute, online blogs on sustainable living, and reviews of product testing magazines.
Between the launch on 25 February 2015 and 13 February 2017, 49,037 persons participated without any
incentives. Data preparation and the removal of invalid and implausible responses left a database of 44,514
being analyzed. For a more detailed description, necessary transformations and underlying assumptions
see Buhl et al., 2017 [27]. Table 4 comprehends the most relevant dimensions and variables surveyed by
the Resource Calculator. Socioeconomic, personal, and household characteristics, as well as subjective
assessments and other lifestyle features, complement disaggregated information on the Material Footprint.

Table 4. The overview of variables and descriptive statistics of the Resource Calculator.

Statistic N Mean Std. Dew. Min Max
Personal characteristics
Female 26,103 0.62 0.49 0 1
Age 24,596 36.00 12.00 18 71
Schooling years 26,118 14.00 3.20 9 21
Occupational status 18,463 3.00 1.10 1 4
Unemployed 18,463 0.14 0.35 0 1
Household characteristics
Household size 44,238 2.20 1.00 1.00 6.00
Number of children 9119 1.60 0.71 1 4
Size of dwelling (m?) 30,482 95.00 47.00 7.00 300.00
Subjective assessments
Subjective health 17,297 1.30 0.57 -1 2
Relative income 22,125 —0.41 1.00 -2 2
Life satisfaction 26,041 7.30 1.80 1 10
Social ties satisfaction 17,690 1.00 0.71 -2 2
Lifestyle
Diet 44,317 2.20 0.84 1
Vegetarian 44 317 0.33 0.47 0 1
Hobby hours 44,091 8.00 12.00 0.00 75.00
Days on vacation 44 056 15.00 13.00 0 81
Trips (in km) 44,086 220.00 327.00 0.00 1,800.00
Material Footprints (kg)
Housing 44,068 8722.00 4059.00 45 26,804
Consumer goods 44,068 2859.00 1161.00 2 6936
Nutrition 44,068 5160.00 1323.00 82 9145
Leisure 44,069 446.00 639.00 0 5113
Mobility 43,456 6682.00 6407.00 1 39,447
Vacations 44,068 1525.00 1532.00 0 10,200
Overall Material Footprint 44,068 25,897.00 10,041.00 2.711 76,570

Note: Descriptive statistics include the number of observations (N), mean, standard deviation (Std.Dev.),
minimum (Min.) and maximum (Max.) of observations. “Trips” is the distance in km for trips and events
during the past month. “Days on vacation” are days on vacation overall in the past year. “Hobby hour” are the
hours overall spent on hobbies on average per month. “Social ties satisfaction” is the personal evaluation on how
often social relations are perceived as satisfying (as the Likert scale). “Relative income” is the assessment of the
household net income in comparison (as the Likert scale).
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3. Results

The following section shows original results as well as results from recent studies on the Resource
Calculator using the methods and data sets described in Section 2.

3.1. Resource Consumption Indicator Based on Microdata EV'S and Resource Intensities

The Rcr was used to monitor the resource use of private households in the sustainability report
of the Ministry for Environment, Agriculture, Conservation, and Consumer Protection of the State of
North Rhine-Westphalia (NRW). One aim was to examine if and to which extent the Resource Indicator
can contribute to the goals and indicators of SDG 12 and how it could be improved. For this purpose,
the EVS data and the resource intensity data described in Section 2.1. were used as a database.

The Material Footprint of private households in NRW accounted for 31 t per capita in 2013.
Using microdata enabled the researchers to further analyze the distribution of the Material Footprint
among households. Figure 1 shows a right-skewed distribution although the 99" percentile was
removed. This implies a relatively strong bias of the average Material Footprint due to relatively few
households being responsible for relatively high amounts of resource use.

300

200

Frequency

100

i

0 20,000 40,000 60,000 80,000 100,000
Material Footprint (in kg)

99th percentile und 10%-bins, normal density

Figure 1. The distribution of Material Footprint (years 2003, 2008, 2013) according to Buhl et al., 2016 [10].

The application of the indicator of private household data from NRW revealed three categories
that accounted for the highest shares in resource consumption: housing, food, and transport [32,37].
However, smaller shares on household expenditure do not necessarily lead to lower Material Footprints,
as resource intensities can be very different between categories of consumption.

Figure 2 shows the overall change in resource use of private households in NRW between 2003
and 2013. The environmental impact of these relative changes in resource consumption depends on the
share of the categories in the overall Material Footprint. On the one hand, Communication, for example,
exhibits a strong increase of more than 30%, which might come from rapid innovations in information
and communication technologies. On the other hand, transport, for example, exhibits a decrease in
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the Material Footprint. Buhl et al. (2017) differentiate resource intensities in “Transport” and show
that a decrease in its Material Footprint comes from, e.g., a reduction of gas consumption, reduced car
ownership, and “other” reasons. Due to the relatively high resource intensity of transport, a small
decrease in expenditure for transport cancels out a larger increase in expenditure for communication
services and technologies between 2003 and 2013.

Communication |

[ | Transport

l | Education

I | Restaurants and hotels

[ | Furnishings, household equipment, appliances

I | Miscellaneous goods and services

[ ]Food and non-alcoholic beverages

[77] Housing, water, electricity and other fuels

[~ | Clothing and footwear

[ | Recreation and culture
[ Health
[ overal
-10 0 10 20 30

Change of Material Footprint (%)

Figure 2. The change in the Material Footprint in NRW 2003-2013 according to Buhl et al., 2016 [16].
Data: Buhl and Acosta 2015 [32].

In sum, the total resource use in NRW remained almost unchanged over the three reporting
periods with a reduction of 3.9% between 2003 and 2013 on a comparable high level of resource use.
It is interesting to note that this small change in total is a result of significant shifts between the different
fields of consumption. This implies that consumption patterns in NRW changed, even though the
overall resource use did not by a large margin [16].

3.2. Resource Lifestyle Footprint Based on Survey Data from an Online Web Tool

The overall Material Footprint of users of the Resource Calculator accounts for 26 t per user
(and year). The distribution of the Material Footprint shows a similar right-skewed distribution as
revealed by the Resource Indicator. This corroborates our findings that the Material Footprint of
private households is strongly biased by high resource use of relatively few households.

Figure 3 shows the six categories presented in Table 3 and their shares in the respective Material
Footprints of the deciles. It is notable that some shares, such as food and vacation, remain nearly
constant from the first to the tenth decile while others, such as housing and mobility, increase strongly.
This allows us to conclude that the potential main drivers of a high Material Footprint appear to be
these categories.
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Figure 3. The Material Footprints for deciles and category shares.

Users have been asked to classify their income in respect to the average household net income
on a symmetric scale from clearly below average to clearly above average. Surveying the relative
household net income makes it easier for users of the calculator to state their net income and to prevent
non-response of users. Again, the results reveal an increasing Material Footprint with increasing
household net income (see Figure 4).
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Figure 4. The relative household net income categories and related mean Material Footprint.
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The data was also used by Buhl et al., 2017 [27] to examine the relationship between the Material
Footprint and life satisfaction. As postulated by Buhl et al., 2017, the use of natural resources is not
clearly linked to users subjective well-being (see Figure 5).

Subjective Well-Being

T T T T T T T
10,000 20,000 30,000 40,000 50,000 60,000 70,000

Material Footprint (kg)

Figure 5. The scatter and line prediction plot of the Material Footprint (in kg) vs. life satisfaction
(10-point scale). Confidence band with 2 = 0.01. Buhl et al., 2017 [27].

To test their hypothesis, Buhl et al., 2017 conducted a stepwise multivariate regression analysis.
They found that the strongest impacts on life satisfaction are measured for subjective health and
for satisfaction with social ties. Real income and gender reveal smaller, but still notable effects.
The influence of age, vacation days, and the Material Footprint is rather weak. Subjective assessments
and norms appear to have the strongest impact on subjective well-being, followed by socio-demographic
characteristics that seem to have less relevance in this context. The Material Footprint has the smallest
impact with a slightly negative effect on life satisfaction [27].

Data from the Resource Calculator allows for the disaggregation of Material Footprints and the
analysis of complex research questions in the realms of empirical consumer research regarding the link
between socioeconomic features and the Material Footprint. In addition, the online web tool approach
allows for a quick and flexible alteration of the variables surveyed and a constant flow of survey data.

4. Discussion

The results presented in the previous sections are based on two methods to analyze the Material
Footprint of private households according to the requirements of SDG 12. Both concepts have certain
strengths as well as potential weaknesses or limitations.

4.1. Resource Consumption Indicator

Regarding the Rcy, limitations are the relatively high data aggregation of the main categories and
the restriction to consumption expenditure as a proxy for consumption.

Using aggregated data limits the differentiation ability in regard to the consumption of products
and services. For instance, one euro invested in the construction of a private house cannot be
differentiated from another one invested in maintaining heating. Both are equally subsumed under
“housing”. Due to this, the depth of analysis of resource use related to certain consumption patterns
is restricted. Lifecycle data could be used to extend the current database by disaggregating resource
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intensities for specific products and services. Such an improved disaggregation of data was successfully
conducted by Buhl et al., 2017 for transport and mobility services [37].

Additionally, expenditure data are used as a proxy for consumption. Expenditure data are
available in internationally harmonized, official and representative household statistics, which ensure
continuous surveys and high data quality. There is a proven correlation between expenditure,
consumption and hence resource use. However, there are other factors influencing the measurable
impact on the environment. Disregarding those factors can cause bias. Examples of such factors are
the households’ repairing behavior, their willingness to decide on second-hand goods, and the way
and intensity of using a certain good. Value conceptions may also lead a household to opt for goods
that are more expensive than comparable alternatives, but cause a similar resource use [16].

4.2. Resource Lifestyle Footprint

The method and data limitations of the R r stem from non-representative sampling on the one
hand and the necessary time efficiency of the survey on the other hand.

Even though the Resource Calculator provides a large amount of user data due to the high usability
and, thus, the acceptance of the calculator tool, the sample includes some bias due to the voluntary
sampling. The share of young female users, vegetarians, and vegans, for example, is disproportionally
high, which indicates a self-selection of pro-environmental users [27]. Future studies should aim for
a more representative sampling when using the Resource Calculator as a survey tool. Adding more
detailed questions regarding personal information about the users themselves could increase the
informative value and the representativeness of the database.

The second limitation of the Resource Calculator relates to the requirement to conduct a survey
within a certain amount of time. This results in a limited set of questions that do not allow us to
analyze every aspect of consumer’s consumption patterns. Many products and services were omitted
from the survey (e.g., compared to the “diary” approach in Reference [26]), because they would
not contribute much to a higher footprint. Other questions were simplified, aiming at helping the
households to complete the survey rather than asking for precise physical values. Finally, even the
most comprehensive bottom-up survey would exclude certain products and could not account for
every variation of the product types. So there is always some part of the Material Footprint that cannot
be related to households individually. Further analysis of the available footprint data could help to
identify the essential questions, e.g., by means of unsupervised learning and by using an average
pedestal of resource consumption for areas of a low importance (e.g., durable goods such as jewelry or
the use of non-living space).

5. Conclusions

5.1. Summary

We introduced two methods for analyzing the Material Footprint of private households based
on microdata. The first method (resulting in the Resource Consumption Indicator) is based on
expenditure data according to internationally harmonized COICOP. The second method (resulting in
the Resource Lifestyle Footprint) is based on survey data from a web tool called Resource Calculator.
Both methods allow us to differentiate the Material Footprint along arrays of consumption like
housing and mobility as well as socioeconomic characteristics like age or income and thus meet
the disaggregation requirement to SDG indicators. The results from applying the two methods in
Germany shows that the Material Footprint ranges between 26 t and 31 t per capita in Germany and its
distribution is right-skewed. The most relevant categories are housing, mobility, and nutrition. When it
comes to disaggregating the Material Footprint along socioeconomic characteristics, we showed that
an increasing household net income leads to an increasing Material Footprint.
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5.2. Methods

Using microdata from the statistical offices for a Resource Indicator offers three main benefits [32].

e  First, it enables a representative depiction of private household consumption.

e Second, private household consumption can be examined by looking at differentiated
consumption categories such as energy or food and its shifts and changes for the past decades.

e Third, private household consumption can be examined by looking at differentiated population
groups (disaggregated for example by income or age).

Analyzing consumption by using resource intensities offers a possibility to evaluate its
environmental impact. The concept relies on a representative, internationally harmonized and thus
comparable data according to COICOP that is available in different countries.

The method used for the Resource Lifestyle Footprint (based on the Resource Calculator) provides
new options for consumers to receive real-time feedback and for researchers to collect and gather data
quickly, flexibly, and constantly over time [27]. Further research regarding the impact of socioeconomic
characteristics on resource use could help us to identify appropriate reduction strategies for different
groups of consumers as Lettenmeier 2018 successfully showed [38]. Moreover, we strive to collect more
data from users abroad in order to compare the Material Footprints internationally (e.g., in a current
project on sustainable lifestyles in 7 different countries). So far, the sample of users from abroad is too
small to conduct a proper comparative analysis.

Despite some weaknesses, the presented Resource Consumption Indicator appears to be a good
and expandable method for measuring the resource use of private households according to SDG 12.
However, an improved database is crucial for increased reliability. This issue could be addressed by
collecting lifecycle data.

The Resource Lifestyle Footprint is a promising attempt but should be improved regarding the
aforementioned limitations. Especially, it will be important to focus on improving the database to
receive a more representative sample while condensing the questions about resource use to the most
essential ones. In this regard, the survey instrument that indicates the Material Footprint of private
households could be incorporated into existing representative surveys like the Socioeconomic Panel
(SOEP) or GESIS Panel in Germany or equivalent panels on a European level, e.g., the European
Community Household Panel (ECHB). This way, environmental policy evaluation and research
on sustainable consumption would benefit from the longitudinal design of the surveys and link
environmental issues with an extensive set of socioeconomic predictors efficiently. In any case, it would
be helpful to gather more detailed personal and household information to facilitate differentiation
between them.

Combining the presented tools could address some of the aforementioned limitations and further
improve the usability of microdata for measuring progress towards achieving SDG 12. The Resource
Consumption Indicator offers a possibility to measure this progress over time and the status quo.
The Resource Lifestyle Footprint can provide a new and more differentiated micro-level database for
analyzing consumption-related resource use. The combination of both methods (or similar methods
with microdata for that matter) would also enhance scenario building. As the majority of environmental
scenarios currently focus on technological and economic feasibility, there is a lack of scenario models
that also investigate the social and cultural drivers and barriers of sustainable development [39].

5.3. Policy Making

The Resource Consumption Indicator and the Resource Lifestyle Footprint appear to be promising
tools for deepening the understanding of private household consumption, the interaction of production
and consumption patterns, and detecting unused potentials to increase its sustainability according
to the SDGs. First results from applying the tools already revealed insights about the structure of
the resource use of private households. We conclude that microeconomic data offers an important
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enhancement of the present macro data-based indicator system. Indicators based on microdata are
able to evaluate and inform in a differentiated and disaggregated way, in perspective even in real
time. As such the methods reveal shifts in resource use between different arrays of consumption and
consumer groups that would otherwise stay undetected and camouflaged by highly aggregated macro
indicators. Policy evaluations benefit from a disaggregated perspective on the Material Footprint of
private household instead of evaluating the overall trend in the Material Footprint. Policymakers
may wonder why efforts to reduce the natural resource in mobility does not show a decreasing
overall Material Footprint, e.g., due to indirect rebound effects and shifts of consumption patterns.
For instance, differentiating the Material Footprint along arrays of consumption allows us to evaluate
whether a reduction of the Material Footprint in mobility is offset by an increase in natural resource
use by housing or communications. As such, policymakers may identify which policies in specific
arrays of consumption may be more effective in reducing the Material Footprint since rebound effects
and shifts of consumption are less pronounced.

A more differentiating approach to indicators is not relevant politically (for (inter)national
policies and programs like the indicator framework of SDGs and national programmes striving to
implement them), but also in everyday decision-making situations, whether in the company (products,
infrastructures) or in the household (lifestyles). In fact, the households themselves may evaluate
whether changes in one array of consumption are offset by shifts of their consumption into other
arrays. For instance, private households may reduce their resource use by foregoing resource-intensive
vacations abroad. At the same time, they may become aware that their savings are offset due to
intensified leisure activities.

Indicators based on microdata (or indicator set for different goals) are fundamental for the
implementation of national policies such as the National Program on Sustainable Consumption in
Germany. They allow us to combine efforts for sustainable lifestyles by companies, households and
policymakers alike. Does a product or service contribute to achieving an SDG? Are certain production
and consumption patterns sustainable and to what extent? Which rebounds can be anticipated? Which
trends evolve and do we leave certain groups behind in doing so? Does a policy instrument support
sustainable development or not? This type of evaluation system would—in the long run and combined
with real-time tools—help to manage and measure sustainable development.
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Appendix A. Calculating the Material Footprint Based on Resource Intensities

The Resource Indicator is calculated as the Material Footprint of the consumption of private
households. This Material Footprint is the product resulting from the multiplication of the consumption
expenditure c by the resource intensity r.

Material Footprint = ¢ X r (A1)
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The consumption expenditure for the jth consumption category of k consumption categories in
total is calculated as the arithmetic mean of the consumption expenditure of the ith household out of n
households in total in time t (measured in years).

G=—13.qj (A2)

The consumption expenditure is then adjusted for inflation to the base year t by considering the
inflation rate 7t of the subsequent years in the respective consumption category j. This prevents a bias
resulting from inflation.

G = % {i c%— (citjﬂxnj”rl)} (A3)
1

The consumption expenditure of the ith household is put into the context of the household size h
to obtain a per capita result instead of a per household result.

6= 8| lei-eingn]| (a0

To enable a differentiation by different subgroups, Buhl et al. introduce a dimension X,
representing socioeconomic characteristics like household income.

G = i[i{(e ;,-x—<cg;1m;“>>/rﬁxﬂ (5)

1

The resource intensity is calculated by dividing the total resource use (indicated by household
consumption) R]t by the associated consumption expenditure in category j in year t (Equation (A3)).

t
T = i (A6)
J Z? Citj

The Material Footprint can be expressed as the arithmetic mean of the respective Material

Footprints of the jth consumption category out of k consumption categories in total by inserting
Equations (A5) and (A6) into Equation (A1):

kynp/ .t t+1 . t+1 t t

11 5 5 (e yx—(ejx Xy ) /hix] x R
Material Footprint = — — A7
P K 1 e (A7)
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Abstract: The European Tourism Indicators System (ETIS) is a product of the European Union (EU)
Sustainable Development Strategy, which was formulated with the objectives of promoting economic
prosperity, social equity, cohesion, and environmental protection. In this paper, we present an
analysis of the results of the implementation of the ETIS during the period 20132016, in the Italian
tourist destination of South Sardinia. While the implementation of ETIS constitutes a significant
advancement in Italy, and more widely in Europe, our findings reveal that an adaptive management
approach is necessary for achieving the anticipated objectives and adapting these standardized
indicators to different territorial contexts. Difficulties were encountered in both data collection and
stakeholders” involvement in the implementation process. Insufficient knowledge, and familiarity
with the complex technical aspects of the indicator toolkit among primary stakeholders, was another
constraint associated with its implementation. We believe that the findings of this analysis can
provide guidelines and inputs for other European countries and tourist destinations that are currently
in the process of implementing the ETIS toolkit or similar methodologies. In particular, the pioneering
sustainable tourism performance measurement system (STPMS) can be adapted to meet local needs.

Keywords: tourist destination; sustainable tourism; indicators; European Tourism Indicator System
(ETIS); Visit South Sardinia

1. Introduction

In recent decades, sustainability has emerged as a primary goal in tourism-related decision
making [1]. Stakeholders in the tourism sector, including tourists and host communities, are now
considerably more aware of the importance of sustainable development in tourism than they were
in the past [2]. Nonetheless, the concept and nature of sustainability remain vague, especially in the
absence of their operationalization using tools that enable the planning, management, and monitoring
of the impacts of tourism on the target destinations [3-5]. Apart from the necessity of formulating
quantitative measures for sustainable tourism relating to its social, economic, and environmental
dimensions (i.e., indicator systems), a methodology is required for implementing these operational
tools. There have been relatively few studies on indicator systems and associated methodologies for
their implementation. This study, which was aimed at developing a procedure for operationalizing
indicator systems to measure sustainability, seeks to address this gap. In general, the process of
selecting an indicator system entails multiple stages. Firstly, a literature review is conducted to analyze
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potentially suitable indicator systems developed by international organizations. Secondly, in light
of the findings of this review, a specific indicator system is selected. Thirdly, individual indicators
are chosen and working groups are established to discuss these indicators with tourism stakeholders.
Fourth an implementation process is developed at the municipal level. Lastly, the results are presented
and discussed in the tourist destination with concerned stakeholders in tourism and related sectors.

We conducted a case study to assess the process of implementing the European Tourism Indicator
System (ETIS) for sustainable destinations designed by the European Commission (EC) [6]. The selected
case was the project of “Visit South Sardinia” (VSS) destination management organization (DMO) in
Italy. This project has been promoted by public sector stakeholders in Southern Sardinia, with the aim
of managing and marketing the above destination in collaboration with the private sector and other
primary stakeholders in tourism. The project was developed to assess and implement a pioneering
sustainable tourism performance measurement system (STPMS) in collaboration with the University
of Cagliari, with the subsequent involvement, too, of the University of Milano-Bicocca.

In 2013, VSS became an early adopter of the Global Sustainable Tourism Council (GSTC)
criteria and indicators program). The GSTC is an international organization endorsed by the United
Nations (UN), the United Nations World Tourism Organization (UNWTO), and the United Nations
Environment Programme (UNEP). As the acknowledged global authority in this field, its sustainability
standards relating to the travel and tourism industry are definitive. VSS was one of 10 international
destinations selected to demonstrate pioneering initiatives, and progress in sustainable management.
During 2013 and 2014, it participated in the first pilot phase of implementing the ETIS, the objective
of which was to define a comprehensive tourism monitoring system for European destinations,
with the objective of maintaining Europe’s standing as “the world’s number one tourist destination” [7].
Whereas implementation of both programs, GSTC and ETIS, in Southern Sardinia demonstrated high
levels of sustainability relating to communities and the environment. They also highlighted the need to
improve methods of managing and monitoring tourism impacts. Lessons learned from implementing
the STPMS were applied in policy making and management by organizations in the public and private
sectors. Their enhanced awareness of sustainable development of tourism served as a strategic lever,
motivating their decision-making processes. For example, since 1998, Capo Carbonara, which is
situated in the municipality of Villasimius on the east coast of the VSS site, has been designated as a
marine protected area. In 2018, a new marine protected area, Capo Spartivento, located within the
municipality of Domus de Maria, was established on the west coast. Through its recognition by VSS
primary stakeholders, STPMS evidently contributed to the development of environmental policies and
practices in the destination area.

This paper is organized as follows. Further details on the background of VSS are provided in the
Section 2, and a review of the literature on sustainable tourism indicators is presented in the Section 3.
The study methods and results are discussed in the Sections 4 and 5, respectively, and conclusions are
offered in the Section 6 of the paper.

2. Background on the Case Study Destination

The case study examined in this paper is the VSS project, under which the Gulf of Angels
destination in Southern Sardinia, including the city of Cagliari, Sardinia’s capital, is managed (see
Figure 1). The project also encompasses four coastal municipalities, while private sector interests are
represented by four consortia.
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Domus de Maria

Figure 1. Map of the Province of Cagliari in Sardinia, including Cagliari and the other four
municipalities included in the “Visit South Sardinia” (VSS) project.

The island of Sardinia is a well-known Mediterranean tourist destination that receives more
than 3,100,000 tourists annually, with a recorded figure in 2017 of 14,386,000 tourist nights and an
average length of stay of 4.59 nights [8]. The island’s official accommodation comprises a total of
212,751 beds. In 2017, Cagliari Province received 758,487 tourists, and figures for tourist nights and the
average length of stay were 3,308,011 and 4.36 nights, respectively. The total number of beds available
for tourists during this year was 43,717. The Sistema Informativo di Raccolta ed Elaborazione Dati
(SIRED) [8] of the Region of Sardinia reported that the five municipalities included in the VSS project
received a total of 572,372 tourists in 2017, and recorded 2,453,641 tourist nights and an average length
of stay of 4.28 nights.

VSS is actively engaged in sustainable tourism initiatives, and its progress over time can be
tracked using internationally recognized standards. In the spring and summer of 2013, VSS was
included in the GSTC international program for assessing sustainable tourism. An on-site evaluation
was conducted by a third-party organization, Sustainable Travel International. The assessment was
based on 40 criteria and 81 indicators related to the four pillars of tourism sustainability: (1) Destination
management, (2) social and economic benefits, (3) cultural heritage, and (4) environmental protection.

Following its launch in early 2013, VSS also took up the challenge of implementing the ETIS
for sustainable destinations [6]. Accordingly, VSS participated in the first pilot phase of ETIS
implementation and remained involved in the initiative from 2013 to 2016. The initial ETIS pilot
project implemented by VSS in 2013 included 27 core and 40 optional indicators relating to four
domains: (1) Destination management, (2) economic value, (3) social and cultural impact, and (4)
environmental impact. In 2016, based on the findings of the two pilot phases (in 2013 and 2014) in
destinations across Europe, the ETIS was revised, with inputs provided by the ETIS pool of experts
(PoE) [9]. The principal difference between the ETIS and the GSTC program is that the former monitors
ongoing developments relating to sustainability, whereas the latter measures the current status of
sustainable tourism management.

In 2016, VSS was awarded the European Sustainable Destination prize associated with the first
joint ETIS and Accessible Tourism Awards disbursed by the EC. This prize was awarded to the VSS
project in recognition of its effective combination of UN and EU indicators of sustainable tourism in
destination management and monitoring resulting from its involvement in the GSTC assessment and
in the ETIS pilot phase.
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3. Literature Review

In recent decades, the literature on sustainable tourism has largely focused on: Clarifying the
evolving meaning of sustainability in the context of tourism; identifying the methods and tools deemed
valid for measuring sustainability; verifying the models proposed; and scrutinizing the indicators
whose implementation has progressively advanced at international, national, regional, and local levels.
A brief overview of the sustainability literature relating to the purpose of this study is presented below.

According to Reference [10] and other authors, key issues in the interpretation of sustainable
development are the role of economic growth in promoting human well-being, the impacts of
human population growth, the existence of environmental limits to growth, the substitutability
of natural resources, the role of new technologies, the degree to which a systems (ecosystems)
perspective should be adopted, and the importance of maintaining the functional integrity of
ecosystems [11-13]. Some studies focusing on the sustainability of the tourism sector have highlighted
initiatives aimed at satisfying current needs without compromising the ability of future generations
to meet their own needs [14,15]. From this perspective, balancing economic growth, conservation
of environmental resources, and development is critical at local destination levels [16-26]. However,
several examples of tourism destination management, discussed in the literature, have fallen short
of adhering to the principles of sustainability [27-29]. The following topics are highlighted in this
literature: The relationship between residents and tourists [30]; the environmental implications of
tourism; the development and preservation of the culture, inheritance, and artistic values of local
communities [31,32]; support for the local economy; engagement of local communities in discussions
between stakeholders and residents; and managing tourism development through the creation of clear
and transparent policies for involving all local players, increasing tourism education and training,
and improving the services offered [33-35].

Following the above clarification of the meaning of sustainability in the context of the tourism
sector, determining whether sustainability can be measured at the local systemic level in the destination
becomes an important task. Measurement of sustainability first requires the identification of its
dimensions, followed by the determination of tools capable of measuring these dimensions [36].
According to Reference [37], three integrated dimensions, namely, economic growth, environmental
sustainability, and social equity constitute the basis for the measurement process [38].

Several sets of indicators have been proposed for measuring sustainability in relation to
tourism [39-41], with the aim of operationalizing “sustainable tourism” and facilitating its
implementation [42-46]. Most indicator sets refer to criteria such as involvement of local communities,
sustainable use of resources, tourism planning, and promoting information and research [36,47].

Indicators are considered the best tools for controlling and measuring progress toward sustainable
tourism [14,48-52]. In one study, indicators were defined as the biophysical, social, managerial,
or other conditions that concern people in a given situation [3]. Conversely, Reference [3] suggested
that indicators are helpful for measuring and framing management objectives in quantitative terms and
for specifying appropriate levels or acceptable limits for tourism’s impacts. According to Reference [53],
a longstanding objective has been to develop quantitative indicators of sustainability for the tourism
sector [14,16]. The most difficult aspect entails establishing environmental accounting measures, so this
remains a research priority. The measurement and management of all types of tourism impacts are
growing in importance.

In addition to discussions of indicator sets, there have also been some attempts to measure
the interconnections among different dimensions of sustainability and to conduct cross-analyses, as
revealed in the literature. One such attempt is the “prism of sustainability” developed in [53] as a
holistic framework entailing four interrelated dimensions of sustainability: Environmental, economic,
sociocultural, and institutional. This holistic model has been adopted by several researchers as its
indicators are suitable for dynamic modeling. Consequently, it is suitable for assessing the sustainability
of different policies and strategies. The use of indicator sets for controlling and measuring the multiple
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dimensions of sustainability within the tourism sector has become widespread, although not all
researchers agree on their importance and effectiveness [4,53-55].

In 2003, the EC adopted guidelines that focused entirely on sustainable development in the field
of tourism, titled “Basic orientations for the sustainability of European tourism.” Three years after its
inception in 2004, the Tourism Sustainability Group adopted the “Action for More Sustainable European
Tourism, 2007.” In the same year, the EC approved an “Agenda for a sustainable and competitive
European tourism.” In 2010, the EC defined four strategic priorities: (1) Encouraging competitiveness
within the tourism sector; (2) promoting sustainable, high-quality tourism; (3) strengthening Europe’s
image as a tourism destination; and (4) improving EU financial policies and instruments.

The EC’s continued focus on the sustainability issue culminated, in 2013, in the formulation
of a European system of indicators [6] for the EU’s sustainable development strategy, based on the
objectives of achieving economic prosperity, social equity, cohesion, and environmental protection.
Twenty-one actions were derived from the four priorities, including the ETIS for sustainable tourism.
The ETIS was launched in Brussels on 22 February 2013. It was designed, on behalf of the EC,
by a consortium of organizations led by the University of Surrey, and tested in a selected number
of European destinations, including Saint Tropez in France, Florence in Italy, Alqueva in Portugal,
and Brasov in Romania. Two pilot phases, implemented across Europe in 2013 and 2014, led to the
updating of the ETIS and related tools in 2016. As noted by [56], the ETIS “is designed as a locally
owned and led process for monitoring, managing, and enhancing the sustainability of a tourism
destination,” and “it has been developed as a result of lessons learned from previously existing
indicator system initiatives.” The ETIS provides all of the specific tools necessary for developing
local-level tourism impact monitoring mechanisms at the tourist destination.

Seven steps are required for facilitating the implementation of the ETIS toolkit, which is
aligned with the most commonly applied international standards, such as those of the UNWTO
and GSTC. The first step of raising awareness is particularly important for advancing understanding
of sustainability among stakeholders. The second step defines and creates a profile of the destination.
In the third step, a working group comprising stakeholders is formed, which plays a fundamental role
in tourism destination management. The fourth step entails assigning roles and responsibilities within
the working group during its consultations. Data collection and analysis are key aspects constituting
the fifth and sixth steps of the ETIS. The final step entails the formulation of an action plan and strategic
management for long-term improvement.

There are few applications of the ETIS reported in the tourism literature. Examples include “ATL
del Cuneese” in Italy [57]; Malta [58]; and Brasov County in the Romanian Carpathians [59]. However,
only the Brasov case study provides details relating to the challenges and difficulties encountered in the
implementation of the ETIS in a tourist destination. The development of an innovative decision-making
support system for tourist destination management based on the ETIS has been proposed [60]. In this
context, the present case study of VSS, considered as a successful model of sustainably developing an
island destination in the absence of conflict between tourists and residents [61], is in line with recent
studies focusing on municipalities [5].

4. Materials and Methods

The VSS project is the only example entailing the testing of two international systems relating to the
impacts of tourism, namely the GSTC program and the ETIS in the Mediterranean region. Several other
destinations in Italy, such as Cuneo Alps, Abano Terme, and Terrae Anio Iubensanae, and within
Europe, such as Broceliande (France), the province of Barcelona (Spain), Podgorica (Montenegro),
Ljubljana (Slovenia), Birmingham (UK), Dark Sky Alqueva (Portugal), and Uzundure (Turkey),
have been involved in the ETIS testing phases. However, none of these destinations participated in the
GSTC Early Adopter Program.
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In Sardinia the pioneering STPMS was the outcome of a step-wise procedure, coordinated by the
University of Cagliari. First, the primary stakeholders group (PSG), comprising key stakeholders was
established and a VSS sustainability team (ST) was subsequently formed. The next step comprised
tourism data collection, followed by an assessment of indicators through PSG discussions. A software
survey platform (SSP) was used to store tourism data. The final three steps entailed quantifying the
selected indicators, analyzing the results, and presenting and discussing lessons learned with the PSG.

The VSS project commenced in February 2013 and continues to be operational. The main project
partners include the University of Cagliari, which coordinates activities in the destination areas and is
the project’s liaison; the municipality of Cagliari, which leads the project; the municipalities of Domus
de Maria, Muravera, Pula, and Villasimius; the Area Marina Protetta Capo Carbonara; the consortia
of tourism enterprises, namely Consorzio Costa Sud, Consorzio Turistico di Villasimius, Azienda di
Promozione Turistica, Muravera, and Consorzio Costiera Sulcitana; and the Regione Autonoma della
Sardegna, which supervises the project.

The PSG that was initially formed comprised mayors and tourism councilors from the five
municipalities. During the second phase, it was expanded to include the presidents of the tourism
enterprises consortia. One of the objectives of the VSS project was to combine public and private sector
representatives, which proved to be a strategic lever for the initiative’s success. Moreover, the PSG was
responsible for relating to the university coordinator and for implementing the STPMS. In the third
phase, the group was further expanded to include key representatives of public organizations (e.g.,
the port authority and labor agency), associations, single enterprises, media representatives, and other
representatives from the private sector. Most members of the expanded PSG owned or had access to
data that was relevant for developing the STPMS.

The ST, coordinated by research assistants under the supervision of the University of Cagliari,
was established following the PSG’s creation. Initially comprising four student interns from a
professional graduate program in tourism, its composition subsequently changed with the addition
of 20 student trainees from a university undergraduate program in tourism. The two primary
responsibilities of the ST are to identify all tourism stakeholders possessing relevant data in the
destination area and to collect these data through ETIS surveys. The PSG was involved in the
implementation of the STPMS and in the assessment and discussions on which indicators should be
included for each of the four aspects of sustainability.

In our project, data were collected through face-to-face interviews and self-completed
questionnaires. LimeSurvey software version 2.55.2 (LimeSurvey GmbH, Hamburg, Germany) was
used to set up an SPSS v. 25 for the data analysis.

By the end of 2014, the VSS project had implemented the entire ETIS toolkit. The principal aim was
to evaluate all of the indicators suggested in the EC toolkit, published in 2013. The 27 core indicators
and 40 optional indicators (the complete list of indicators is listed in Table A1 of Appendix A) were
aggregated into the following four categories: (1) Destination management, (2) social and cultural
impacts, (3) economic value, and (4) environmental impacts.

During the first phase of the investigation, to prevent duplication of efforts, the ST explored the
main available statistical information sources providing relevant data on ETIS indicators at the local
level in Italy. Table 1 shows the results of this first phase. The data sources that the ST decided to use
to calculate all of the indicators in VSS are listed in this table, which indicates a lack of statistical data
sources, especially at the municipal level. To bridge this gap, we conducted four separate surveys
covering the principal stakeholders of VSS: Residents, tourists and daily visitors, enterprises, and local
public actors. We decided to employ the questionnaires contained in the ETIS toolkit produced in
2013 [62].
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Table 1. Data sources used to calculate the European Tourism Indicator System (ETIS) during the
implementation of the VSS project.

Reference Number of

Data Sources Classification Source ETIS Indicators

“Occupancy of tourist accommodation
establishments” and “Capacity of collective tourist B.1.1;B.2.1;B.2.2; C.1.1; C.1.1.2

Publicly available data from accommodation” ISTAT census surveys
official sources

Italian Institute for Environmental Protection and
Research and Italian Ministry of the Environment, D.3.1;D.3.1.1; D.9.1
Land and Sea (http://www.minambiente.it/).

All11
Cl11;,C41.1.

A31,A311;,A41;
B.1.1.3;B.1.2;B.2.1.1;
C3.2.1;
D.1.1.1;D.1.2;D.1.2.1

A2.1;A221;A41.1;
Ad hoc surveys realized by VSS B.2.2.1;B.3.1.1;B.3.1.2; B4.1;
B.5.1;B.5.1.2;
Enterprises survey C2.1;C2.1.1;C21.2;C3.1;
D.2.1;D.3.1.1;,D4.1.1;D5.1;
D.5.1.1;D.5.1.2; D.6.1; D.6.1.1;
D.6.12;D.7.1.1

Al1;A112;
B.1.1;B.1.1.2; B2.1.1;
C.1.13;C3.1.1;
D.7.1;D.7.1.2; D.8.1.

Residents survey

Tourists and same day visitors survey

Local public actors survey

The ETIS questionnaire, which was administered to a sample comprising 590 residents from the
five municipalities included in the VSS project, was aimed at evaluating the indicators for measuring the
impacts of tourism on the local community. Random sampling was performed to recruit representative
participants from the resident population. Respondents were selected through random quota sampling
according to sex and age as well as the population size of the municipality. We set the sample size at
1% of the target population that we evaluated based on information furnished by the Italian Statistics
Institute (ISTAT) in 2014. Questionnaires were completed through face-to-face interactions conducted
in public areas (e.g., on the street and at public events) from May to September 2015.

A survey of tourists and same-day visitors was also conducted from May to September 2015.
Again, the questionnaire was administered directly, face-to-face, among Italian and foreign tourists
who were present in the VSS territory. In determining the survey sample, we applied time location
sampling (TLS) in light of the particular characteristics of the population. The specific TLS for
tourism-focused surveys entailed a two-stage stratified sampling design with unequal selection
probabilities for first-stage units and constant selection probabilities for second-stage units. The
first-stage units comprised a combination of places, days, and hours (i.e., venue-day-time units). The
second-stage units comprised (non-resident) Italian and foreign tourists visiting the VSS municipalities.
Our aim was to collect relevant direct information for the entire period spent in the tourist destination.
Following the approach, described in Reference [63], and using the ISTAT official data on tourist
arrivals, we selected a random sample characterized by unequal probabilities (proportional to the
estimated tourism flows for each combined unit comprising the month, place, and tourist typology).
The final dataset comprised 514 units.

The survey of enterprises was conducted from July 2015 to February 2016, using the
computer-assisted web interviewing technique. Given the low response rate for this survey,
companies were solicited through emails and direct phone calls. Ultimately, even though a large
number of enterprises visited the website on which the questionnaire was posted, only 25 of them
partially or fully answered the questionnaire.
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In addition, the ETIS toolkit contained a questionnaire tailored for local administrators and aimed
at gathering information concerning the 10 indicators listed in Table 1. Questionnaires were provided
to the boards of the five municipalities involved in VSS: Cagliari, Villasimius, Pula, Domus De Maria,
and Muravera.

5. Results

In light of our objective of assessing the implementation of the ETIS, in this section we identify
the main problems that we encountered during the phase of evaluating the indicators. In some cases,
missing data affected the reliability of the indicators and in others, it was difficult to contact the
respondents who had not completed the entire questionnaire. Below, we elaborate on our experiences
in collecting the data that we used for calculating the indicators.

5.1. Official Relevant Statistics for the Evaluation of ETIS Indicators

ISTAT, which conducts two monthly surveys on tourist accommodation capacity and occupancy,
respectively, is the official and principal source of tourism data in Italy. Data on numbers of tourists
who stay in registered accommodation, obtained from this source, were used to calculate the following
four indicators in the system: Number of tourist nights per month (B.1.1); occupancy rate in commercial
accommodation per month and the average for the year (B.2.2.), number of beds available in commercial
visitor accommodation per 100 residents (C.1.1.2), and the average length of stay of tourists (nights)
in commercial accommodation per month (B.2.1). In addition, access to databases created and
managed by the Italian Institute for Environmental Protection and Research (the Italian Institute
for Environmental Protection and Research is part of the national system for environmental protection
network; comporising of 21 territorial environmental protection agencies established in accordance
with regional laws), enabled the calculation of the following indicators: Waste volume produced in
the destination (D.3.1), level of contamination per 100 mL (fecal coliforms, campylobacter (D.9.1),
and number of days beach/shore closed due to contamination (D.9.1.1).) Because the separation
of different types of waste is mandatory in Italy, it was possible to estimate an optional indicator:
Percentage of tourism enterprises separating different types of waste (D.3.1.1). Accessibility to official
data ensured that the information obtained for these indicators was complete, reliable, and valid for
the analysis.

Table 2 shows the values of the eight indicators that we estimated for the year 2015. These values
clearly reveal the strengths of the DMO in terms of sustainability. This DMO has one of the highest
values for the tourism dimension in Italy (about 174 miles of tourist nights per month, and an
occupancy rate of 50% of the available beds, that is, 15.1 per 100 residents’ beds in the area for
commercial accommodation), and the high quality of the surrounding sea is remarkable.

Table 2. Indicator values estimated on the basis of publicly available data from official sources
(* yearly average).

Indicator Code Indicator Value
B.1.1 173,426.58 tourist nights per month
B.2.1* 6 days
B22* 49.4%
C1l12 15.1 per 100 residents
D.3.1 104,798.3 tonnes
D.3.1.1 100%
D91 0.0%
D.9.1.1 0
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5.2. Survey of Residents

The face-to-face modality of survey administration that we selected for the residents in the DMO
proved to be highly effective. The number of surveyed residents corresponded to the preset sample
size and respondents answered all of the questions. The data in the collected questionnaires enabled us
to calculate the following ETIS indicators: Percentage of residents satisfied with their involvement and
their influence in the planning and development of tourism (A.1.1.1), percentage of residents who have
positive views on the impacts of tourism on destination identity (C.4.1.1), and percentage of residents
who are satisfied with tourism in the destination per season (C.1.1.1). Given the comprehensiveness
of the information obtained through the residents’ survey, the calculated values of these indicators,
which were assessed in the analysis, were considered reliable and valid. Table 3 shows the values
of the indicators estimated using data collected through the residents” survey. The results indicate
that seasonality affected the satisfaction level relating to tourism among residents in VSS. Specifically,
we found that respondents were highly satisfied in the peak season but were highly dissatisfied in the
off-season. Moreover, although most residents felt that tourism helps to strengthen the distinctiveness
of the VSS destination, and to enhance its local identity, culture, and heritage, they felt that their
involvement in tourism planning and development was minimal.

Table 3. Values of indicators estimated from data obtained in the residents’ survey.

Indicator Code Indicator Value
Al11 35.6%
C.1.1.1 (in summer) 75.5%
C.1.1.1 (in winter) 25.9%
C.1.1.1 (in autumn) 30.7%
C.1.1.1 (in spring) 60.9%
C4.11 60.8%

5.3. Survey of Tourists and Same-Day Visitors

We administered the questionnaire to tourists and same-day visitors, applying the face-to-face
modality, and did not experience any particular difficulties in collecting the preset number of
questionnaires. Nonetheless, contrasting with respondents in the residents’ survey, some of the
respondents in this survey did not answer all the questions. Table 4 shows the indicators that we
calculated using the responses obtained from surveyed tourists and daily visitors and the percentage of
missing data affecting the corresponding answers. On average, missing data in the responses amounted
to 4.4%. Specifically, missing data for questions on the core questions averaged 2.6%, whereas missing
data for optional indicators averaged 6%. Given the low percentage of non-responses for individual
questions, we overcame the problem using the donor technique, which entails replacing missing
values with values obtained from a “similar” responding unit. After applying the abovementioned
correctional procedure, we obtained estimates of the indicators, listed in Table 4. The compiled
responses revealed that almost all tourists and same-day visitors (92.2%) were very satisfied with
their overall experience at the VSS destination, and more than a half of the respondents (56.2%) had
visited it at least once during the last previous 5 years. Considering the lack of data on the local
economic impacts of tourism, the average daily spending of same-day visitors (37 €) and that of
tourists (56 €) were considered two of the most important evaluated indicators. It is noteworthy that
with reference to the indicators that most related to the degree of sustainable development, only 39%
of the surveyed respondents were aware of efforts to promote sustainable destinations (indicator
A.4.1), and slightly more than 50% of the tourists were satisfied with the destination’s accessibility for
those with disabilities or specific access requirements (indicator C.3.2.1). The assessment of indicators
relating to the environmental dimension revealed that 44.8% of respondents used different modes of
transport to reach the destination (indicator D.1.1), but only 40.1% used local/”soft” mobility / public
transport services to travel around the destination site (indicator D.1.1.1). On average, tourists traveled
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1,160 km to and from home (indicator D.1.2), whereas same-day visitors traveled 90 km to and from
the destination (indicator D.1.2.1).

Table 4. ETIS indicators evaluated on the basis of data obtained from the survey of
tourists/same-day visitors.

Indicator Code ~ Missing Data (%) for the Question Generating the Indicator ~ Indicator Value

A31 4.5 92.2%
A311 49 56.2%
A4l 6.5 38.8%
B.1.1.3 10.5 37.38 €
B.1.2 19 56.02 €
B.2.1.1 7.0 7.34h
C3.21 17 58.3%
D.1.1 0 44.8%
D.1.1.1 0 40.1%
D.1.2 0 1160 km
D.1.21 11.4 90 km

5.4. Survey of Enterprises

As discussed in Section 4, because of the high number of enterprises and their dispersion across
the VSS territory, we applied a computer-assisted web interviewing technique for surveying the
enterprises. Only a very small percentage of the contacted subjects answered the questionnaire,
resulting in invalidation of the sample randomness. Moreover, because of the incompleteness of some
of the answers, we were unable to obtain a stable and reliable estimate for the indicators listed in
Table 5. This table shows the percentage of missing data affecting the corresponding answers for each
indicator. Evidently, the percentages of missing data range from a minimum of 12% (for the D.6.1.1
and D.3.1.1 indicators) to a maximum of 52% (for the core indicator, C.2.1), with an average value of
30.13%. In this case, it was not possible to apply any technique to overcome the issue of missing data.
Therefore, we did not calculate this group of indicators. The lack of data received from enterprises was
discussed during PSG meetings, with the objective of increasing awareness among tourism enterprises
on the importance of sustainability practices relating to their customers, and of strengthening the
involvement of the private sector in implementing the STPMS.

Table 5. Evaluation of ETIS indicators based on data from the surveyed enterprises.

Indicator Code Missing Data (%) for the Item Generating the Indicator
A21 44.0
A221 40.0
A4l11 40.0
B2.21 40.0
B.3.1.1 36.0
B.3.1.2 20.0
B.4.1 36.0
B.5.1 20.0
B.5.1.2 28.0
Cc21 52.0
C211 20.0
C212 32.0
C31 28.0
D.2.1 32.0
D3.11 12.0
D4.1.1 24.0
D51 50.0
D5.1.1 24.0
D.5.1.2 24.0
D.6.1 17.0
D.6.1.1 12.0
D.6.1.2 32.0
D711 17.0
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5.5. Survey of Local Public Actors

The ETIS toolkit included a questionnaire that was tailored to local administrators, with the aim of
gathering information relating to the 10 indicators listed in the last row of Table 1. Questionnaires were
provided to the boards of the five municipalities involved in the VSS project: Cagliari, Villasimius,
Pula, Domus De Maria, and Muravera.

Table 6 shows the estimated values of the indicators. The local administrators evidently
demonstrated different degrees of interest in realizing the system of indicators. For instance,
repeated requests elicited a limited response from the local administration of Cagliari. This is partly
attributable to the fact that data for the capital city are distributed across a large number of locations.
Moreover, the attitude and involvement of the PSG in the implementation of indicator systems can
change over time. Some of the indicators showed strongly contrasting values for the municipalities.
Although all of the municipalities confirmed that they had implemented a public policy for sustainable
tourism management (A.1.1. and A.1.1.2), their situations relating to accessibility (C.3.1.1) and landscape
and biodiversity protection (D.7.1 and D.7.1.2) differed.

Table 6. ETIS evaluation based on data obtained from surveyed local administrators.

Indicators Values for Each Municipality of the Destination Management Organization (DMO)
Indicator Code

Pula Domus de Maria Villasimius Cagliari Muravera

All 100% 100% 100% 100% 100%
Al112 100% 100% 100% 100% 100%

B.1.1.1 - - 90% - 50%

B.1.1.2 - - It is not possible to know - It is not possible to know
B.2.1.1 - - 12h - It is not possible to know
C113 206.9% 181.0% 120.2% - 150.6%
C3.1.1 21.6% 100% 100% - 21.4%

D.7.1 94% 96% 100% - 27%
D.7.12 16% 6.4% 58% 23%

D&8.1 Yes Yes Yes Yes Yes

5.6. An Overview of the ETIS in VSS

Table 7 shows the percentages of indicators that VSS estimated for each category of the ETIS. For the
categories of destination management, social and cultural impacts, and economic value, the calculated
indicators were more than 50% of the complete list of indicators. Only 35% of the indicators of
environmental impact were calculated, with the majority of these indicators associated with the
enterprise survey that reflected serious problems relating to missing data and sample representativeness.

Table 7. Percentages of ETIS indicators calculated in the VSS project for each category of the ETIS.

Category %
Destination management 67
Social and cultural impacts 50
Economic value 50
Environmental impact 35

The overall analysis of the ETIS showed that VSS could be considered a sustainable destination.
Despite the extensive tourism in this area, residents did not perceive tourism as an intrusion into their
personal lives; on the contrary, they believed that tourism helps to enhance the distinctiveness of the
destination, strengthening its local identity, culture, and heritage. The tourists were very satisfied with
their experiences in this destination, with more than a half of them returning within a 5-year period.
In general, the high quality of the sea and territorial environments was confirmed using each of the
environmental indicators.
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Several insights emerge from the implementation of the ETIS in the VSS tourist destination.
The first is that the different sources used to calculate the ETIS complement each other. For example,
the official statistics did not reveal unregistered tourism supply, which could be explored using
information provided by the municipalities on second /rental homes. Moreover, some indicators were
objectively difficult to calculate in relation to missing data (e.g., when queried on the distance traveled
in kilometers to and from a destination, a visitor would need to respond, and could decide whether or
not to answer to the question). In addition, the surveying technique applied influenced the availability
of respondents; whereas a survey administered personally allows for direct contact with respondents,
it entails high costs and covers a limited area.

5.7. Conclusion of the Process of Implementing Indicators

A final sequence of PSG meetings, which was aimed at critically analyzing best practices in
sustainable management and identifying areas for improvement, marked the conclusion of the VSS
project. The GSTC indicators were first employed, followed by the ETIS indicators for assessing best
practices relating to the environmental and social dimensions of sustainability. An environmental
concern relating to the indiscriminate use of plastic bottles in the destination area was highlighted and
discussed. The lack of tourism data on the economic dimension of sustainability (e.g., the contribution
of tourism to the GDP) was also considered. Last, the PSG recognized that while the ETIS and similar
methodologies promote responsible management, monitoring, and marketing of the tourism industry
at the sub-national level, the key role of the destination coordinator in implementing the indicator
systems cannot be neglected.

5.8. Highlights

From the onset of the implementation of the ETIS across Europe, the VSS PSG demonstrated an
enduring commitment to pursue the EC initiative under the coordination of the University of Cagliari.
Active and fully-fledged engagement within the ETIS entailed participation in events, meetings,
and working groups, as shown in Table 8. The objective of this paragraph is to first demonstrate
and subsequently explain the most important events in terms of outcomes that can be useful for
strengthening awareness of the level of involvement that is needed for replication of the STPMS in
other destinations.

Table 8. VSS events, meetings, and working groups associated with implementation of the ETIS.

Event Place Date Content Results
1 Bruxelles 22 February 2013 Launch of the ETIS Knowledge on the ETIS
PSG decision to start with
2 Cagliari 13 March 2013 Sustainable Tourism conference . !nternahonal ar.\d European'
indicator systems implementation
(GSTC and ETIS)
First discussions at the EU level on
3 Bruxelles 19 April 2013 Expert Meeting the problems that destinations

encountered with the ETIS toolkit
and its first implementation

Discussion on the utility and

Cagliari, Domus de
4 Maria, Muravera, Pula
and Villasimius

24 July-5 August 2013

PSG working group discussion

availability of environmental, social

and economic indicators based on

GSTC criteria and indicators Early
Adopters program

5 Cagliari

30 November 2013

Press release organized by PSG
and University of Cagliari

Presentation of GSTC
implementation and results

6 Rome

25 June 2014

Info day-European Tourism
Indicator System. ETIS
implementation in Italian
Destinations. Conference
organized by Lazio Region,
Italian ETIS PoE in collaboration
with the EC

EC ETIS implementation
across Europe.
Results from VSS and Cuneo Alps
ETIS first pilot phase
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Table 8. Cont.

Event Place Date Content Results
WORKSHOP—European Presentation of the results of the 1
Tourism Indicator System. ETIS pilot phase from 6 selected
7 Bruxelles 4 July 2014 The results of the first pilot destinations and presentation of the
testing phase: Exchanges document of the overall results
of experiences from the EC and ETIS PoE
Presentation of VSS project Involvement of PSG and students in
8 Oristano 9 March 2015 and STPMS pro) ETIS data collection through
2015 surveys
VS5 DMO promotion with the Presentation of ETIS surveys to PSG
9 Villasimius 29 April 2015 participation of tourism and dIStT}blftlon of the ET{S
enterprises enterprise survey: Request
of collaboration
Bruxelles . o Discussion between EC, ETIS PoE
videoconference, and destination representatives
10 (vid f ) 25 June 2015 ETIS pilot phases d destinati o .
11 _ Bruxclles 29 October 2015 ETIS pilot phases Discussion between EC, ETIS Pok
(videoconference) and destination representatives
?{Tﬁ;‘:gﬁxﬁf EC release of the ETIS toolkit 2016.
12 Bruxelles 28 January 2016 Managing and promoting Presefnée;tﬁ}o(;l Of(;/;%l?pl;fn etntatlon
sustainable and accessible ° e fm indicators,
tourism destinations difficulties and challenges.
ETIS ceremony.
Decision of the ETIS winners to
13 Bruxelles 22 April 2016 ETIS Award continue their experience and share

results through the establishment of
the ETIS Destinations Network
(EDN) leaded by VSS

More than 350 delegates from European countries participated in Event 1, which was organized
by the EC. The ETIS was launched by the EC on 22 February 2013, and this initiative concluded
on 22 April 2016 with the bestowal of the ETIS award. Whereas the 2016 ETIS toolkit has been
implemented in specific destinations in Croatia, the UK, Italy, Spain, France, and other countries,
without the coordination of the EC, its implementation at the level of Europe as a whole is still pending.

Event 2 can be considered as foundational for the VSS STPMS. International standards and
indicators, such as GSTC and ETIS, were introduced to VSS mayors participating in the event.
Tourism indicators were considered a means for acquiring and/or systematizing tourism data required
for decision making. The plan was for the VSS project to be included in the GSTC Early Adopter
initiative. However, at that time, fragmented modalities were being applied by VSS municipalities in
an uncoordinated manner to compile tourism data.

Event 3 was the first to include exchanges among representatives of the EC and agencies at the
tourist destination interested in ETIS implementation. At the inception of the ETIS, the system and
toolkit were only available in the English language. This was emphatically viewed as a strong limitation,
given that not all stakeholders at local levels may be conversant in English. Two key questions
concerned the costs of ETIS implementation. The first concerned financial support provided by the
EC and the second related to the implementation cost incurred at the destination. These questions
were motivated by the generally limited resources available to municipalities for collecting tourism
data. The ETIS pilot phases were developed on a voluntary basis in the selected destinations, with
costs dependent on the implementation level of the ETIS system.

Event 4 was at the core of the overall STPMS. The focus of PSG meetings was contingent on the
locations and special features within each municipality. Discussions held on economic indicators in
the Cagliari municipality revealed a lack of relevant economic data related to tourism, which was
also confirmed by the representative from the statistics office of the region of Sardinia. The PSG
highlighted the need for collection of economic data at the municipal level and the use of indicator
systems to achieve this objective. In the municipalities of Domus de Maria and Muravera, the meetings
of the PSG focused on enterprises based on tourism and related sectors, and on the public sector.
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The importance of utilizing indicators from the perspective of tourism enterprises was discussed.
Enterprises acknowledged the need for data compilation, but in some cases, they observed that the
implementation of sustainability practices constrained their business development. Discussions in the
municipality of Pula focused on the social aspect of sustainability and related indicators, whereas those
in the municipality of Villasimius focused on environmental indicators and their utility for the marine
protected area. During PSG meetings held in 2013, primary stakeholders suggested new indicators
that better fitted with the information needed for the management of the tourist destination and more
accurately reflected its characteristics.

Event 5 involved the Sardinian media and press, whose attendance was required for broadcasting
the results of the STPMS derived from the GSTC assessment. The EC produced a video highlighting
the importance of the ETIS for sustainable destinations and the implementation of the Visit South
Sardinia project.

Events 6 and 7 enabled sharing of the methodology for implementing the VSS project used during
the first year (2013-2014) of ETIS implementation. In the absence of a dedicated office in the destination
area for gathering tourism data relating to the construction of indicators, it was proposed, first of all,
to restrict the level of implementation selectively to a limited number of geographical areas at the
destination. Second, it was recommended that the number of indicators collected should be limited,
starting with those that were easily available. After a period of testing the usefulness of the compiled
indicators, it would then be possible to gradually extend the number of indicators collected and the
areas of collection at the destination.

Events 8 and 9 were aimed at strengthening the PSG’s awareness regarding a new 2015 ETIS
phase, termed EC GROW ETIS (The term GROW derives from the name of the EC Directorate General
(DG) GROWTH for Internal Market, Industries, Entrepreneurship and SMEs that was responsible for
the ETIS in 2015) to enable collection of all data related to ETIS indicators through the administration
of the ETIS surveys provided in the ETIS toolkit.

During Events 10 and 11, the EC and agencies at the destination site shared their experiences
and suggested improvements relating to the indicators and the toolkit. Destinations that had not
established a ST requested overall simplification of the system and a reduction in the number of
indicators. VSS, following the implementation of the 2015 ETIS surveys, shared the finding that
administration of the ETIS survey of residents took just 5 min per respondent, while surveying each
tourist required 10 min. Nonetheless, in the absence of a ST, and insufficient human resources and
knowledge of indicators at local levels, it is not possible for destinations to administer the preset
number of questionnaires for achieving the objective of compiling the impacts of tourism impacts for
decision making.

Considering the results of events 7, 10, and 11, and in light of the inputs of the pool of experts, the
EC released the new ETIS 2016 toolkit at Event 12.

Event 13 marked the conclusion of the EC’s commitment to the ETIS. During the award-giving
ceremony, the EC representatives encouraged the VSS project to assume a leading position as an ETIS
destination. Following the EC encouragement, the ETIS Destination Network (EDN) was established as
an informal network in 2016 with the following two objectives: (1) To promote exchanges and augment
experiences of measuring and monitoring sustainable tourism performances at the destination level
through the use of a common methodology and tools, such as ETIS and/or other recognized European
and/or international schemes; and (2) to benchmark and compare destinations. A final EDN-facilitated
meeting was held at the University of Cagliari on 28 June 2018 in collaboration with the University
of Surrey.

6. Conclusions and Discussion

The experience of implementing the ETIS in the VSS project within an Italian tourism destination
provides insights on several critical issues. Firstly, it is objectively difficult to obtain statistical data
at local levels in Italy. Statistical data are often not collected, and when they are, the methodologies
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usually differ, even for geographically proximate destinations. There is no codification of the methods
used to collect statistical data at local levels. Another important constraint concerns the time taken to
collect data. The delay in collecting statistical data concerning tourism performance, such as occupancy
rate, the average daily rate, and the yield rate, is usually at least six months, and sometimes longer.
For management purposes, this is a significant limitation that reduces the efficiency of the system.
In sum, statistical data are not collected by following codified methodologies, which means that they
are often not comparable, and they are not generated in a timely manner. The main consequence at the
local level is the high cost of collecting statistical data, both in terms of time and financial resources.
Such data should be collected periodically, but this requires an efficient system that has not yet been
established in Italy, as demonstrated in the VSS case study.

Secondly, only a few of the surveyed enterprises completed the questionnaire (partially or fully).
This finding suggests the need within future investigations for strengthening the involvement of the
private sector in implementing the STPMS. Similarly, local administrators demonstrated different
degrees of interest in realizing the system of indicators, revealing another area for future research.

Thirdly, as a consequence of the above two limitations, it was not possible for the VSS project to
develop a governance system at the local level to promote more sustainable destination management
using only the ETIS indicators toolkit. To achieve this aim, it proved necessary to implement the
pioneering STPMS. This is an important finding, indicating that the ETIS should not be perceived
merely as a statistical instrument. It should be an important driver for reducing gaps among
different stakeholders, particularly at the local level, to create a shared vision of sustainable tourism.
This requires the creation of a system for regulating destination management. In the case of the VSS
project, the ETIS fulfilled its scope as an instrument with the capacity to bring and keep together
different tourism stakeholders, but this was only possible through the use of the STPMS to ensure
their cooperation.

Fourthly, the VSS experience highlights the key role of the destination coordinator, for the success
of the project. The destination coordinator must perform more activities than those foreseen by ETIS.
Because local stakeholders do not have the tools, not even the organizational ones, to continue the
project independently. This represents a great weakness of the whole ETIS system. For this reason,
it is important that ETIS projects are supported by institutions (such as universities, research centers,
etc.), that they are able to raise funds, train staff, etc., as local stakeholders cannot implement indicator
systems independently.

The above findings reveal the importance of working with stakeholders within a territory
to simplify the indicators toolkit and improve the statistical culture and implementation of joint
procedures, supported by new technologies that facilitate the collection of statistical data.

At the EU level, it is necessary to facilitate the implementation of standard indicator systems
to increase sustainability policies and facilitate planning processes. The indicator systems must also
encourage the development of practical methodologies that support the simple use of indicators.
Only through the development of appropriate methodologies it is possible to optimize the results
obtained from the implementation of indicator systems. We recommend simplifying the ETIS in
consideration of the organizational characteristics of local stakeholders.

The use of recognized and relatively simple indicator systems allows comparability between
different local experiences. Comparability is an essential prerequisite for the adoption of best
practice at local, regional, national and international levels. The implementation of best practice,
through evaluation of indicator systems, can be a significant support for both public and private
planning processes.

The VSS experience shows that the lack of reliability and timeliness in the collected data may
undermine the quality of some indicators. This is important in ETIS, having been conceived as a tool
to implement and monitor sustainable policies at local level with respect to the objectives proposed by
the EU.
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To be effective in planning policies at the local level, it is essential to have reliable and accurate
indicators. This requires the investment of considerable resources for data collection which are not often
available locally. The lack of resources therefore makes the indicators less reliable and consequently
less used, which may be to the detriment of local planning policies

In an area where data gathering can be problematic, indicator systems can still afford significant
insight into public and private planning, although in the absence of sufficient hard data, caution must
be exercised in the interpretation of these indicators. We recommend the continuity of the project so
that, at the local level, both public and private actors can obtain valid insights into the local planning
processes via the evaluation of indicator systems.

In summary, when implementing the ETIS, the VSS project relied on the STPMS to achieve the
expected results. Following the revisions made to the ETIS in 2016, it would be advantageous for
the EC to improve the indicator toolkit in light of the results of the implementation of new voluntary
pilots in destinations across Europe. However, it is essential to first improve data collection techniques
and procedures.

Any destination seeking to implement the ETIS toolkit or a similar methodology should be
cognizant of the associated challenges. The lessons from this case study are of particular relevance
at the municipal level. Our findings contribute to a better understanding of the ETIS as a globally
recognized standard for developing best practices in monitoring the impacts of tourism. Though it
clearly has great potential, this instrument is not yet sufficiently developed to achieve tangible outcomes
reflecting the enhancement of sustainable cultures at local levels.
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Appendix A
Table Al. ETIS indicators. Note. Adapted from Reference [6].
Section A: Destination Management
Al Sustainable Tourism Public Policy
ALl Percentage of the destination with a sustainable tourism strategy/action plan, with agreed
o monitoring, development control and evaluation arrangement
A11d Percentage of residents satisfied with their involvement and their influence in the planning
o and development of tourism
All2 Percentage of the destination represented by a destination management organization
A2 Sustainable Tourism Management in Tourism Enterprises
Percentage of tourism enterprises/establishments in the destination using a voluntary
A2l verified certification/labelling for environmental/quality /sustainability and /or Corporate
Social Responsibility (CSR) measures
A221 Number of tourism enterprises/establishments with sustainability reports in accordance
- with the Global Reporting Initiative (GRI)
A3 Customer Satisfaction
A3.1 Percentage of visitors that are satisfied with their overall experience in the destination
A3.11 Percentage of repeat/return visitors (within 5 years)
A4 Information and Communication
A4l The percentage of visitors who note that they are aware of destination sustainability efforts
A4l The percentage of businesses that communicate their sustainability efforts to visitors in their

products, marketing, or branding
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Table A1. Cont.

Section B: Economic Value
B.1 Tourism Flow (volume and value) at Destination
B.1.1 Number of tourist nights per month
B.1.1.1 Relative contribution of tourism to the destination’s economy (% GDP)
B.1.1.2 Number of ‘same day’ visitors in high season and low season
B.1.1.3 Daily spending per same day visitor
B.1.2 Daily spending per tourist (accommodation, food and drinks, other services)
B.2 Tourism Enterprise(s) Performance
B.2.1 Average length of stay of tourists (nights)
B.2.1.1 Average length of stay of same day visitors (hours)
B212 Percentage of ten largest tourism enterprises involved in destination
o management/cooperative marketing
B.2.2 Occupancy rate in commercial accommodation per month and average for the year
B.221 Average price per room in the destination
B.3 Quantity and Quality of Employment
B.3.1 Direct tourism employment as percentage of total employment in the destination
B.3.1.1 Percentage of jobs in tourism that are seasonal
B.3.1.2 Percentage of tourism enterprises providing student internships
B.4 Safety and Health
B.4.1 Percentage of tourism enterprises inspected for fire safety in the last year
B4.11 Percentage of tourists who register a complaint with the police
B.5 Tourism Supply Chain
B5.1 Percentage of tourism enterprises actively taking steps to source local, sustainable, and fair
- trade goods and services
B5.11 Percentage of the destination covered by a policy promoting local, sustainable and/or fair
o trade products and services
B5.12 Percentage of tourism enterprises sourcing a minimum of 25% of food and drink from
o local/regional producers
Section C: Social and Cultural Impact
C1 Community/Social Impact
C11 Number of tourists/visitors per 100 residents
C1l.11 Percentage of residents who are satisfied with tourism in the destination (per month/season)
Cl12 Number of beds available in commercial visitor accommodation per 100 residents
C1l13 Number of second/rental homes per 100 homes
Cc2 Gender Equality
c21 Percentage of men and women employed in the tourism sector
C211 Percentage of tourism enterprises where the general manager position is held by a woman
Co12 Average wage in tourism for women compared to average wage for men (sorted by tourism
o job type)
C3 Equality/Accessibility
31 Percentage of commercial accommodation with rooms accessible to people with disabilities
- and/or participating in recognized accessibility schemes
311 Percentage of destination served by public transport that is accessible to people with
o disabilities and people with specific access requirements
C32 Percentage of visitor attractions that are accessible to people with disabilities and/or
- participating in recognized accessibility schemes
321 Percentage of visitors satisfied with the accessibility of the destination for those with
o disabilities or specific access requirements
C4 Protecting and Enhancing Cultural Heritage, Local Identity and Assets
C41 Percentage of the destination covered by a policy or plan that protects cultural heritage
C411 Percentage of residents who have positive or negative views on the impact of tourism on
o destination identity
CA4l12 Percentage of the destination’s biggest events that are focused on traditional/local culture

and assets
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Table A1. Cont.

Section D: Environmental Impact

D.1 Reducing Transport Impact
Percentage of tourists and same day visitors using different modes of transport to arrive at

D11 the destination (public/private and type)
D111 Percentage of visitors using local/soft mobility /public transport services to get around
o the destination
D12 Average travel (km) by tourists to and from home or average travel (km) from the previous
o destination to the current destination
D.1.2.1 Average travel (km) by same day visitors from and to destination
D.2 Climate Change
D21 Percentage of tourism enterprises involved in climate change mitigation schemes—such as:

CO2 offset, low energy systems, etc.—and “adaptation” responses and actions
D211 Percentage of the destination included in climate change adaptation strategy or planning
Percentage of tourism accommodation and attraction infrastructure located in

b212 “vulnerable zones.”
D.3 Solid Waste Management
D3.1 Waste volume produced by destination (tonnes per resident per year or per month)
D3.1.1 Percentage of tourism enterprises separating different types of waste
D32 Volume of waste recycled (percent or per resident per year)
D4 Sewage Treatment
D41 Percentage of sewage from the destination treated to at least secondary level prior
o to discharge
D411 Percentage of commercial accommodation connected to central sewage system and/or
o employing tertiary sewage treatment
D.5 Water Management
D51 Fresh water consumption per tourist night compared to general population water
- consumption per person night
D511 Percentage of tourism enterprises with low-flow shower heads and taps and/or dual flush
o toilets/waterless urinals
D5.1.2 Percentage of tourism enterprises using recycled water
DS5.1.3 Percentage of water use derived from recycled water in the destination
D.6 Energy Usage
D61 Energy consumption per tourist night compared to general population energy consumption

per person night
D.6.1.1 Percentage of tourism enterprises that have switched to low-energy lighting
Annual amount of energy consumed from renewable sources (Mwh) as a percentage of

D.6.1.2 .
overall energy consumption
D.7 Landscape and Biodiversity Protection
D71 Percentage of destination (area in km?) that is designated for protection
D711 Percentage of local enterprises in the tourism sector actively supporting protection,
o conservation, and management of local biodiversity and landscapes.
D.7.1.2 Percentage of destination covered by a biodiversity management and monitoring plan
D.8 Light and Noise Management
D81 The destination has policies in place that require tourism enterprises to minimize light and
- noise pollution
D811 Percentage of the destination and percentage of population covered by local strategy and/or
o plans to reduce noise and light pollution
D.9 Bathing Water Quality
D91 Level of contamination per 100 mL (fecal coliforms, campylobacter)
DJ9.1.1 Number of days beach/shore closed due to contamination
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