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ABSTRACT

Ecological footprint (EF) indices estimate the impact of an individual’s lifestyle on the
planet by converting levels of consumption into the amount of land needed to sustain
production levels and lifestyle choices. Several popular organizations (e.g. WWF, Global
Footprint Network) now offer personalized EF calculators to help inform consumers of the
impacts of their personal consumption habits. In this paper, we evaluate the most popular
online EF calculators and find that, even when the most environmentally friendly options
are adopted, for the majority of available indices, one still exceeds the planet’s biocapacity
levels. The absence of options to fully offset one’s environmental impacts implicitly sug-
gests that there is no truly sustainable level of consumption at current population levels,
even under the most prudent consumer choices. Although all online EF calculators claim
to be a tool for education to promote sustainable behaviour, their calculations suggest, to
the contrary, that as consumers we may postpone but not necessarily prevent environmen-
tal catastrophes. Copyright © 2010 John Wiley & Sons, Ltd and ERP Environment.
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Introduction

N THE MID-1990S WACKERNAGEL AND REES (1996, 1997) FORMALIZED THE ECOLOGICAL FOOTPRINT (EF) INDEX THAT
would give a comprehensible measure of human impact on the capacity of the planet to sustain the human
population. Earth, at each point in time, provides a limited amount of ecologically productive land and marine
area (i.e. cropland, pasture, forest and fisheries), which is counted in global hectares (gha). Currently this is
estimated to be approximately 13 billion global hectares by the World Wildlife Foundation (WWF, 2008) and
ongoing climate change and careless ecosystem management are expected to further reduce the global productive
capacity of the planet due to water scarcity, overexploitation of renewable resources, soil erosion and desertification,
amongst other problems. Humanity’s demand on the biosphere in the form of resources to support consumption
habits, as well as sinks to absorb the waste we generate, constitutes our global EF. In 2003, the human EF exceeded
earth’s biocapacity by approximately 3 billion global hectares and it appears that we have exceeded the earth’s
biocapacity in every single year since the mid-1980os (Wackernagel et al., 2002); furthermore, the gap between the
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two has been ever increasing thereafter. If the earth’s biocapacity were normalized to unity, our 2008 consumption
levels would have corresponded to a planet more than 1.3 times the size of Earth (see WWF, 2008). This difference
between biocapacity and the global EF is often called overshooting or ecological deficit. Ecological overshooting
cannot be sustained indefinitely, and the growing pressure we impose on ecosystems will sooner or later translate
into food shortages, biodiversity loss and accelerated climate change.

Larger economies necessarily account for a larger share of the global EF, and dividing each country’s footprint
by its population provides a measurement of ecological deficit per person (reflecting individual consumption habits
as well as the economy’s efficiency; see Holden and Linnerud, 2007). It has been estimated that approximately 2
global hectares of productive biosphere are available to each individual on Earth (see, e.g., WWEF, 2008;
Wackernagel, 2007). Not coincidentally, the US (and Australia initially), apart from not committing themselves to
CO, reductions under the Kyoto Protocol, also have among the highest EF per head (around 9.5 and 7.5 global
hectares in 2008 respectively). The European Union (EU 25) uses an average of 5.8 global hectares per capita, also
well above the estimated average capacity threshold of 2 global hectares (WWF, 2008). As developing economies’
living standards and greenhouse gas emissions per head converge towards the European or US average over time
(coupled with rising populations), the ecological deficit implied by our global footprint will continue to expand.
An expansion of middle classes in many developing countries, while reversing a long trend of income inequality,
will increase pressure on already degraded ecosystems. Carbon sinks will simply not suffice to constrain increases
in carbon dioxide concentrations in the atmosphere and, as temperatures rise and the fragility of ecosystems
deteriorate, humanity will be forced by necessity to adjust downwards its EF.

Over the last few years several popular websites of non-governmental organizations (e.g. WWF and the Global
Footprint Network) or even government agencies (e.g. the Austrian Ministry of Agriculture, Forestry, Environment
and Water Management and the Environment Protection Authority of the State Government of Victoria in
Australia) have offered personalized calculators of EFs. These online EF calculators are designed to allow indi-
viduals and firms to measure their personal environmental burden and also estimate the ecological deficit at a
global scale if every single person on the planet adheres to similar consumption or production standards. Many
of the EF tools relate to the overall biocapacity of the planet, although some offer from specialized calculations on
water or carbon impacts.

The expansion of online personal calculators in recent years demonstrates the increasing interest of the
wider public in assessing the sustainability of their behaviour as consumers." Several studies have offered broad
critical assessments of the ways in which EF analysis has been formulated and applied so far (van den Bergh and
Verbruggen (1999) and Fiala (2008) offer comprehensive criticisms). Our study approaches the suitability of EF
indices as a measure of sustainability from a different angle. We focus our analysis on popular online EF calcula-
tors that produce estimates of individual consumer impacts on the Earth in terms of biocapacity, and discuss
whether such indices often mislead consumers by suggesting choices of ‘sustainable’ behaviour that are incapable
of reversing the current unsustainable trend of the human enterprise. We have reviewed numerous popular online
EF calculators offered for self-assessment of personal consumer impacts and found that surprisingly, even when
the most environmentally friendly options are adopted, one still exceeds the planet’s biocapacity levels. The main
purpose of the paper is not to comment extensively on the methodological construction of these online EF calcu-
lators (and possible weaknesses as identified in the next section), which of course influence calculation results.
This by itself would be an extremely demanding task, particularly as most websites of online EF calculators do not
necessarily provide detailed information on the methodological construction of their indices. Instead, we focus on
the nature of the final outcome of such calculations that render even the most environmentally friendly consump-
tion levels as unsustainable. The absence of options to fully offset one’s environmental impacts implicitly suggests
that there is no truly sustainable level of consumption at current population levels. Although all online EF calcula-
tors claim to be a tool for education to promote sustainable behaviour, their calculations suggest, to the contrary,
that as consumers we may postpone but not necessarily prevent environmental catastrophes. If the global economy

"There is no clear-cut definition of sustainable consumption (although, in the context of EFs, this corresponds to consumption patterns that
prevent ecological overshooting, as defined earlier). More broadly, sustainable consumption is often referred to as consumption that has an
emphasis on ‘minimising resource use, waste and pollution, taking a life-cycle perspective in consumer decision-making and acting with
concern for future generations’ (see http://www.unesco.org/education/tlsf/TLSF/theme_b/modog/uncomogto6.htm and UNEP, 2001).
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is currently on an unsustainable path that cannot be avoided, this certainly is not reflected by the rhetoric used on
the websites of EF calculators that often claim to set consumers on a sustainable course.

The remainder of the paper is organized as follows. The next section summarizes some of the methodological
and policy issues raised in the literature that critique the suitability of the EF more broadly as a sustainability proxy
(rather than strictly focusing on online EF calculators). In the third section, we complement the existing debate
on the appropriateness of the EF by providing an additional point of critique that has surprisingly received no
attention in the literature. Apart from any methodological objections to the way in which existing EF indices are
constructed, we argue that the current online EF calculators do not provide, strictly speaking, truly sustainable
options that fully mitigate consumers’ environmental impacts (possibly reflecting the limitations of any current
interventions given available technologies, production and population levels). The main characteristics of footprint
calculators are presented, as well as the outcomes when best-scenario choices are adopted. The majority of per-
sonalized online calculators surveyed assume ecological overshooting (deficit) even when the most ‘environmen-
tally friendly’ options are adopted and are found to be limited in the resource-saving options they offer for
consumers, such as participation in carbon-offsetting programmes, and/or local production of food. The fourth
section offers a way forward.

Existing Criticism of EF Analysis

In principle, the EF concept performs a commendable task by condensing complex and detailed information on
individual consumption into an aggregate measure of sustainable production (via a consumption—land-use matrix).
The increasing popularity and use of the index, though, demands critical assessment of its assumptions, calcula-
tions, suitability and intended aims and effects. Existing critiques mainly focus on methodological weaknesses
embedded in the way in which EF indices are constructed; they generally emphasize the need to distinguish among
different types of land use and technologies in place, adopt a more dynamic approach that incorporates market
signals and take into consideration the spatial characteristics of consumption and production.

Land Use

A common criticism of EF indices relates to their failure to distinguish between sustainable and unsustainable
land use (van den Bergh and Verbruggen, 1999; van Kooten and Bulte, 2000; Venetoulis and Talberth, 2008). EF
indices, largely based on top-down aggregation of individual effects, usually fail to incorporate localized informa-
tion of land use and, as a result, consumption categories often translate into the same amount of land cover and
impact, despite the fact that certain production processes may entail long-term environmental damage and mul-
tiple environmental externalities. While intensive land use (with the use of fertilizers and pesticides) may reduce
the EF of food production, it results in groundwater pollution and health damage for the surrounding population
(Herendeen, 2000; van den Bergh and Verbruggen, 1999). For this reason, EF assessments need to control for
the quality dimension of production (and long-lasting environmental externalities) before converting consumption
into biologically productive area (Rapport, 2000). Venetoulis and Talberth (2008) also criticize the EF for failing
to allocate space for the needs of non-human species.

Differences in Technology

The EF is a static measure of sustainability that extrapolates global environmental pressure in terms of reproduc-
tive land cover from production patterns; therefore, it naturally fails to incorporate the dynamics of change in
technology use and consumer behaviour (see Fiala, 2008; Moffatt, 2000). While this might be less problematic
when one treats EF impacts in a static way, the analysis becomes less meaningful when one is interested in eco-
logical impacts in a more dynamic context (e.g. in understanding the impacts of future growth in consumption).
While EF analysis does not necessarily suffer from such methodological weaknesses when treated as a snapshot
of sustainability, this is more problematic for the case of online EF calculators. The online EF calculations usually
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assume that it suffices to simply multiply the average consumption level in the US or Europe by the world popu-
lation to reach a hypothetical global measure of environmental stress; assuming convergence over time in income
per capita and consumption levels between the developing and developed economies. This ignores the fact that
technologies of different resource intensity may be adopted across regions and time. While there is evidence of
gradual income convergence in recent years, this fails to acknowledge that developing nations may adopt a differ-
ent set of production technologies (perhaps dirtier at their first stages of economic expansion) or that R&D invest-
ment in new, environmentally friendly technologies (e.g. carbon capture and storage) may in time mitigate
environmental pressure.

Sequestration

Some further criticism of the EF has focused on the large weight attached to carbon sequestration by natural sinks
(mainly forests; see Ayres, 2000; van den Bergh and Verbruggen, 1999). Of course, this over-reliance on carbon
sequestration and forest cover merely reflects the enormous role played by fossil fuels in maintaining current
production levels and the infancy of alternative technologies for carbon sequestration (e.g. carbon capture and
storage); this is not surprising when one considers that the EF is meant to capture a static snapshot of sustain-
ability of current production. This, however, ignores the fact that using reforestation as a means to sequester
increasing carbon dioxide emissions, and hence combat climate change, is likely to become an increasingly costly
policy option over time (van den Bergh and Verbruggen, 1999). As reforested land increasingly competes with
available land for pasture and agriculture, and the productivity of reforested land in terms of biomass declines,
the cost of forest conversion will continuously rise to reflect relative scarcity. Such price signals are likely to render
less land-intensive carbon mitigation more economic (i.e. investment in renewable energy and energy
efficiency).

Spatial Characteristics of Consumption

An important issue raised by several scholars pertains to observed differences in the spatial dimensions of con-
sumption and production (see Grazi et al., 2007; Hubacek and Jiljum, 2003; Levett, 1998; Opschoor, 2000; van
den Bergh and Verbruggen, 1999). The emphasis of the EF on consumption often ignores the fact that the eco-
logical deficits associated with domestic consumption and production, respectively, may differ as a result of
increased globalization and trade dependency (although more recent EF analysis incorporates trade-corrected
consumption and waste flows, whenever data are available). Regions, for instance, that have limited accessibility
to resource endowments and adverse climatic conditions may need to import food from distant locations. European
countries, with a much higher population density than the global average, by necessity need to import agricultural
commodities and primary resources from other resource-producing regions. This suggests that an increase in food
consumption may (at least in theory) be achieved more sustainably in a developing country of low population
density and direct access to productive land.

Online Ecological Footprint Calculators and Sustainable Behaviour

In recent years and with the expanding number of internet users, the popularity of the EF index has expanded
beyond scientists, policy-makers and NGOs. Several environmental organizations and government agencies now
offer online calculators of EFs, where each individual internet user can easily calculate his/her own environmen-
tal impact and, through multiplication by global population, estimate the corresponding global ecological deficit
(overshooting) if everyone on Earth adopted similar consumer habits. Popular websites with EF calculators invite
individuals to submit information on personal consumption habits and activities that demand biologically produc-
tive land, either via resource use or waste assimilation (e.g. food consumption, travelling, home energy efficiency,
transportation, recycling etc). There is a need for instruments, such as the online EF calculators, to act as a policy
tool that both informs and helps to transform concern about the environment into ‘constructive’ action to mitigate
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against further degradation (Ojala, 2007). This is in line with recent evidence in behavioural psychology, suggest-
ing that proactive behaviour can eliminate a great deal of stress in advance when individuals have an optimistic
vision for their future and perceive problems as challenges rather than insurmountable threats.?

We have surveyed numerous popular online footprint indices offered for self-assessment of personal consumer
impacts and found that, surprisingly, for the majority of available calculators, even when the most environmentally
friendly options are adopted, one still exceeds the planet’s biocapacity levels. The online EF calculators have a
uniquely difficult task in trying to both act as a tool to inform the individual of his/her contribution to environ-
mental damage and constructively promote change in behaviour by offering attainable alternatives to existing
lifestyles and patterns of consumption. The absence of options to fully offset one’s environmental impacts, reflect-
ing the unsustainable state of production at current population levels, may simply render them a doom-saying,
off-putting instrument for some individuals and policy-makers. As Bardwell (1991) highlights, ‘fatalistic pessi-
mism’ often results when environmental problems are viewed as ‘so big nothing can be done’ (p. 610). Consum-
ers choosing the best available options in terms of energy-saving, recycling and sustainable consumption are still
deemed and implicitly criticized as being unsustainable rather than ‘rewarded’ for their prudent behaviour.

Environmental degradation poses a unique problem to the individual, in terms of both understanding the extent
and linkage of environmental issues, and perceived and actual ability to address and, perhaps, positively influence
change towards reducing impacts. Although online EF calculators perform in principle a commendable service by
condensing personal information on consumption needs into a single measure of (un)sustainable behaviour and
demand for ecologically productive land (in global hectares), they largely fail to act as a planning tool designed to
translate sustainability concerns into public action, as was originally suggested by Wackernagel and Rees (1990).

Table 1 provides a list of some of the most popular online EF calculators. Although the list is by no means
exhaustive, we make reference to those indices with the highest returns according to the popular Google search
engine (under the words ‘ecological footprint calculator’). There are numerous other indices available, but they are
significantly less comprehensive and utilized, and provide even less guidance about altering behaviour in order to
reduce individual pressure on global resources. The WWF calculator is perhaps the most popular calculator and
promises to ‘set you on a life changing journey’. Other calculators, offered by environmental NGOs (i.e. Global
Footprint Network (GFN), Best Foot Forward (BFF)), charitable organizations (i.e. BioRegional (BR)) and govern-
ment agencies (i.e. the Austrian Ministry of Agriculture, Forestry, Environment and Water Management (OF), are
set up in a similar fashion and take a similar amount of time to complete. The EF calculator by the environmen-
tal NGO Redefining Progress (RP) is the most comprehensive index we surveyed in terms of location-specific
consumption, allowing purchase of carbon-offsetting credits, recycling of most materials and options for one’s
own food production. The provision of information after each question about why a certain option is ‘greener’
than another is particularly useful, thus directing the consumer to improved choice making to reduce the global
footprint.

Organization Website

World Wide Fund for Nature (WWF) www.footprint.wwf.org.uk

Global Footprint Network (GFN) www.footprintnetwork.org/en/index.php/GFN/page/calculators
Best Foot Forward (BFF) www.ecologicalfootprint.com

Okologischer FuRabdruck (OF) — Austrian Ministry of www.mein-fussabdruck.at

Agriculture, Forestry, Environment and Water

Management (Lebensministerium)
BioRegional (BR) www.calculator.bioregional.com
Redefining Progress (RP) www.myfootprint.org

Table 1. List of EFs

*>This is often referred to as proactive coping, see for instance Aspinwall and Taylor, 1997; Greenglass, 2002; Schwarzer, 2000.

Copyright © 2010 John Wiley & Sons, Ltd and ERP Environment Sust. Dev. 19, 391-401 (2011)
DOI: 10.1002/sd



396 J. Franz and E. Papyrakis

In Table 2, we summarize the greenest scenarios offered by these EF websites and the implicit global footprint
associated with them (assuming that every single person on the planet adheres to the ‘greenest’ consumption or
production standards). The main purpose is not, strictly speaking, to analyse the methodological construction of
these online EF calculators: by itself an extremely demanding and challenging task given the often limited infor-
mation on methodological details provided by the hosting institutions. Differences in their methodological con-
struction make these EF calculators incomparable by necessity. Instead, we focus on the qualitative aspects of such
calculations that situate even the most environmentally friendly consumption levels as unsustainable. We divide
the ‘greenest’ responses according to the following broad categories: income, food consumption, transportation,
housing, other consumption, recycling and carbon-offsetting (which we further divide into subgroups where disag-
gregated information is available). For example, under the ‘food’ classification, we quote the least EF-intensive
responses referring to meat consumption, including the purchase of organic and local food, as well as own food
growing. The last rows of the table refer to the corresponding EF when the most environmentally friendly options
quoted are selected. All calculators refer to planets needed to sustain lifestyle if such consumer habits are univer-
sally adopted, while some link these to attributed global hectares and CO, emissions per person. In all but the
Redefining Progress (RP) index (last column of Table 2), adopting the most environmentally friendly strategies
still results in ecological overshooting (by at least a fifth of earth’s total biocapacity). The EF by RP provides the
only calculator that links environmentally friendly and resource-saving behaviour to an ecological surplus (with
only 0.23 planets needed to sustain lifestyle for the greenest scenario), thus allowing the average consumer to
make choices that result in truly sustainable consumption patterns. This is made possible by not confining carbon
sequestration to forests and allowing for the purchase of carbon-offsetting credits, extensive recycling and multiple
land use (in effect augmenting the estimated Earth’s total biocapacity compared with other EF calculators).? The
majority of online EF calculators, hence, do not allow for a sustainable future, in the sense that global consump-
tion needs are met within the Earth’s biocapacity limits. Adopting the least-impact consumer options available
may reduce unsustainable practices, but fails nevertheless to turn ecological deficits into surpluses.

A Way Forward

There has been a rapid increase in the popularity of the EF as a sustainability index that translates resource
demands for different consumption uses into a common comprehensible measure of environmental impact and
ecological overshooting. The EF index can potentially help the average individual understand his/her EF, and
operate as a useful indicator of global ecological overshoot (Cortese, 2003; Sutcliffe et al., 2008). At the same time,
there are multiple issues surrounding the accuracy of the calculation of the EF in terms of how it estimates this
overshooting, and thus what impact it will ultimately have on changing consumer behaviour. While the EF may
provide a measure of excessive consumption as well as a benchmark for sustainability (WWF, 2008), in practice
there are a number of areas in which it could be improved to act as a tool for education for sustainable behaviour
(Sutcliffe et al., 2008).

Despite the unequivocal scientific evidence that the human race is collectively living beyond its means (eco-
logical overshoot), education for more sustainable behaviour is generally compromised by longstanding behaviour
and beliefs that can either delay or prohibit a shift in action towards more sustainable outcomes. In promoting
sustainability in higher education, Cortese (2003, p. 17) notes the following common assumptions, which act as
barriers to integrating different values, increasing awareness and promoting change in behaviour.

- Humans are the dominant species and separate from the rest of nature.

« Resources are free and inexhaustible.

- Earth’s ecosystems can assimilate all human impacts.

« Technology will solve most of society’s problems.

« All human needs and wants can be met through material means.

« Individual success is independent of the health and well-being of communities, cultures, and the life support
system.

3For more details on its construction see Venetoulis and Talberth, 2008, as well as the website of Redefining Progress.
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Furthermore, EFs, with their focus on static measurements of sustainability, fail to capture the contribution of
population growth to global ecological overshooting. Our global collective footprint largely depends on the total
world population, which has experienced a sixfold increase since the beginning of the 19th century.* The marginal
effect of a single individual’s unsustainable consumption behaviour will, therefore, have a more severe impact on
a planet with a rapidly rising population, where there is insufficient time for the regeneration of non-renewable
resources. In the case of climate change, equal increases in carbon emissions will have disproportionately larger
impacts on climate stability in the future (see FitzZRoy and Papyrakis, 2010).

The EF, as it is currently designed, suffers from a Western bias with a ‘top-down’, aggregated method of indi-
vidual EFs based on present consumption patterns in the developed world. It does not, therefore, readily incorpo-
rate variation in consumer behaviour within or between countries, nor does it reflect factors demonstrated to be
important in promoting improved individual action towards the environment, such as environmental values, situ-
ational factors (e.g. demographic variation and local knowledge) and/or psychological variables (e.g. intrinsic
motivation, environmental citizenship) (Barr, 2004). At present, most individuals in the developing world have a
minimal contribution to our global overshooting; however, with expanding middle classes, the adoption of Western
lifestyles and increased demand for meat consumption, the EF will necessarily need to pay more attention to chal-
lenges arising from emerging economies.

In this context, Saravanamuthu (2006a, 2006b, 2009) has suggested a three-dimensional framework through
which sustainability and its measurements can be conceptualized. First, there is scope for customized accountabil-
ity that synthesizes localized (micro) information and indigenous knowledge in an effort to solve universal (macro)
challenges. EFs are often constructed as a ‘one size fits all’ methodological tool, with little attempt to integrate
localized and often fragmented knowledge on spatio-temporal elements of sustainability (e.g. on specific types of
land and technology use, differences in land quality, cultural characteristics and expected changes in behaviour).
Second, there is a need to reduce the dichotomization between means and ends, so that particular emphasis is placed
on the interconnectedness between individual actions and impacts across time and space. As we have emphasized,
the EF is often constructed as a static measure of sustainability, with little attention to the dynamics of change
with respect to technology adoption and abatement (sequestration) methods. It is crucial that causal relationships
between human activities (means) and environmental outcomes (ends) are clearly defined in a way that incorpo-
rates dynamic information on the positive and negative externalities of individual behaviour on collective outcomes
(society, environment). Third, Saravanamuthu (2006a, 2006b, 2009) emphasizes the need to increase reflexivity
in sustainability planning. Again, individuals are more likely to reflect on their own consumer practices (and hence
revisit and modify these over time) when they have a clear understanding of environmental challenges and are
able to associate personal behaviour with harmful outcomes. Methodological transparency of how EFs are con-
structed can further increase proactive (reflective) behaviour amongst consumers. If such aspects could be more
readily incorporated, the EF calculator would then act as a more constructive tool as it would incorporate local
circumstances and connectivity between environmental goods and services and human use, as well as improving
personal accountability. Sutcliffe et al. (2008) conducted a study to assess the use of an EF approach at the house-
hold level and found that greater personalization of the EF analysis encouraged changes in behaviour leading
towards less consumer-intensive lifestyles.

Over the last few years, several popular websites have offered more personalized calculators of EFs, claiming
that this could incentivize individuals to alter current behaviour and consumption patterns. As we have demon-
strated, most online EF calculators suggest ecological overshooting irrespective of consumer behaviour and eco-
friendliness; this result could potentially have the opposite of the intended effect and discourage consumers from
improving their behaviour further. As we have highlighted, one notable exception is the Redefining Progress (RP)
calculator, which presents a much more comprehensive set of questions around actions to reduce waste and offset
carbon, and clearly identifies the associated environmental benefits of the more ‘sustainable’ choices. Websites of
EF calculators that attach negative ecological deficits even to the best options and most prudent consumer choices
should highlight the current unsustainable state of human production under current technologies in place and
population levels and the limitations of personal interventions to reverse this (at least at present). The online EF

4The Nobel-prize chemist Paul Crutzen refers to the last two centuries as the ‘Anthropocene’ age — in effect, a distinctive geological era due
to the significant impacts of the human population on the natural environment (see Crutzen, 2002).
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calculators need to become an effective tool for educating the consumer about the sustainable and unsustainable
nature of one’s lifestyle — arguably the intended purpose of the EF calculators to begin with, but a role they have
not been able to play due to current design. In order to communicate the need for sustainable behaviour and the
impacts of our individual actions, the indicators can act as a powerful signal if they are designed with the purpose
of educating the user on the various impacts of different lifestyle choices, clearly frame the problem and present
options that prevent ecological deficits. In order to accomplish this, they will necessarily need to incorporate more
detailed localized information (on any spatio-temporal differences in technologies and behaviour), integrate a more
dynamic analysis of key variables, illustrate clearly the links between individual action and aggregate environmen-
tal impacts, describe in detail their methodological construction and revise these whenever new information
becomes available.
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