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ABSTRACT
Composite indices have been widely used to rank the environmental performance
of nations. Such environmental indices can be useful in communicating complex
information as a single value and have the potential to generate political and media
awareness of environmental issues. However, poorly constructed, or poorly com-
municated indices, can hinder efforts to identify environmental failings, and there
are considerable differences in rank among existing environmental indices. Here, we
provide a review of the conceptual frameworks and methodological choices used for
existing environmental indices to enhance our understanding of their accuracy and
applicability. In the present study, we review existing global indices according to their
conceptual framework (objectives of the index and set of indicators included) and
methodological choices made in their construction (e.g., weighting and aggregation).
We examine how differences in conceptual frameworks and methodology may yield a
more, or less, optimistic view of a country’s environment. Our results indicate that (1)
multidimensional environmental indices with indicators related to human health and
welfare or policy are positively correlated; (2) environment-only indices are positively
correlated with one another or are not correlated at all; (3) multidimensional indices
and environment-only indices are negatively correlated with each other or are not
correlated at all. This indicates that the conceptual frameworks and indicators included
may influence a country’s rank among different environmental indices. Our results
highlight that, when choosing an existing environmental index—or developing a new
one—it is important to assess whether the conceptual framework (and associated
indicators) and methodological choices are appropriate for the phenomenon being
measured and reported on. This is important because the inclusion of confounding
indicators in environmental indices may provide a misleading view of the quality of a
country’s environment.

Subjects Ecosystem Science, Science Policy, Natural Resource Management, Environmental
Impacts, Environmental Health
Keywords Environmental, Composite, Index, Indices, Ranking

INTRODUCTION
Composite environmental indices attempt to communicate complex information by
combining multiple indicators into a single score. They provide an overall snapshot of
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some features of environmental systems and allow for comparisons between environmental
systems (Oţoiu & Grădinaru, 2018). Environmental indices can be useful tools to measure
stability and change over time (improvement or decline), easily communicate information
to the general public and policymakers, drive accountability between countries, encourage
accountability of a nation’s government to its citizens, and facilitate public engagement
(Dobbie & Dail, 2012; Nardo et al., 2005). Environmental indices can also help inform and
support policy decisions, as well as generate political andmedia awareness of environmental
issues (Haberland, 2008). However, if indices are poorly constructed or communicated,
they can hinder efforts to identify and address environmental failings and may mislead
policy messages and decisions (Alberti & Parker, 1991; Haberland, 2008).

The popularity of environmental indices has grown in recent years. Environmental
indices have been used to measure and compare results for individual nations in global
analyses (Bradshaw, Giam & Sodhi, 2010; Wackernagel, Beyers & Rout, 2019; Wendling,
Emerson & Esty, 2020), for clusters of nations (Cook et al., 2017; Halkos & Zisiadou, 2018),
for regions within a nation (Mukherjee & Kathuria, 2006;Universiti Teknologi, 2018), and to
measure the state of specific ecosystems (Blumetto et al., 2019). Most commonly, however,
environmental indices are used in global studies to compare results across nations, because
national policy formulation and implementation are centred at the national level (Roberts,
2011; Usubiaga-Liaño & Ekins, 2021). Therefore, in this review, the geographic scale is for
individual nations within global analyses.

There is a diverse range of available environmental indices, but country rankings differ
considerably in these different indices. To illustrate, national rankings vary by an average
of 45 places between the 2018 versions of the Environmental Performance Index (EPI) and
ecological footprint (EF) (ranks normalized 0–100, File S1). Such large rank variations,
particularly for low income and high income countries, have led to questions about
the legitimacy and validity of rankings (Morse & Fraser, 2005; Press Information Bureau
Government of India, 2022). Some environmental indices include indicators such as access
to clean drinking water and sanitation, mortality, and per capita income for which high
income nations will score well and low income countries will score poorly. The inclusion of
such indicators may provide a more or less optimistic view of the environment of a nation,
depending on its development status (e.g., Global North, Global South) (Bradshaw, Giam
& Sodhi, 2010; Haberland, 2008).

There is extensive literature examining metrics for sustainable development and
environmental sustainability (Alberti & Parker, 1991; Böhringer & Jochem, 2007; Bradshaw,
Giam & Sodhi, 2010; Dobbie & Dail, 2012; Ebert & Welsch, 2004; Kwatra, Kumar &
Sharma, 2020; Mallett, 1999; Oţoiu & Grădinaru, 2018; Siche et al., 2008). However, past
work has largely focused on the need for credible environmental metrics (Alberti & Parker,
1991; Hák, Janoušková & Moldan, 2016), principles for constructing composite indices
(Dobbie & Dail, 2012; Floridi et al., 2011; Nardo et al., 2005), and weighting, aggregation,
and uncertainty analysis methods (Burgass et al., 2017; Gan et al., 2017; Greco et al., 2019;
Morse & Fraser, 2005; Tripathi & Singal, 2019). Research into rank differences between
existing environmental indices is relatively sparse. Research into rank variations in other
fields, such as university rankings and sports leagues, is also limited and has largely
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concentrated on construction methods and policy implications (Garcia-Zorita et al., 2018;
Saisana, d’Hombres & Saltelli, 2011).

The aim of this review is to answer the following questions: Which conceptual
framework(s) or indicators inform the development of the country rankings? What effect
do different conceptual frameworks (and indicators included have on global rankings?
To what extent do the different environmental indices adequately capture environmental
issues in low income and high income countries? In doing so, this review provides
insights into how environmental indices are constructed and provide recommendations
for best practices. In the present study, we have identified ten environmental indices for
which country rankings can be compared to improve our knowledge of how conceptual
frameworks and methodological choices (e.g., weighting and aggregation methods) may
influence rank variation. This article provides a novel contribution to the development
and use of composite environmental indices. This review is intended for environmental
scientists interested in environmental assessment and protection, conservation executors,
environmental analysts, and policymakers at both the national and international levels.

The article is organized as follows. First, we discuss how different understandings of
sustainable development, environmental sustainability, and natural capital have informed
environmental indices. Second, we discuss differences in the conceptual frameworks and
methodological choices used to develop environmental indices. Third, we summarize
existing environmental indices and the conceptual frameworks and construction choices
behind them. Fourth, we examine correlations between ranks in global environmental
indices. Fifth, we examine ranks for two high income countries (Germany and New
Zealand) and two low income nations (Mongolia and Niger) and identify potential reasons
for wide differences in rank for low and high income nations generally. Finally, we discuss
our key findings and outline how conceptual framework and methodological choices may
affect the ranking of nations in environmental indices.

REVIEW OF GLOBAL ENVIRONMENTAL INDICES
The Brundtland Commission (Brundtland, 1987) defined sustainable development as
‘development that meets the needs of the present without compromising the ability
of future generations to meet their own needs’. The three pillars (or dimensions) of
sustainability are economy, environment, and society (see Fig. 1). The aim of sustainable
development is to use economic development to promote fairer societies within the
ecological carrying capacity of the planet (Baker, 2016; Strange & Bayley, 2008).

There are complex connections and trade-offs between economic growth, improvements
in social state, and environmental quality (Strange & Bayley, 2008). The Environmental
Kuznets Curve (EKC) hypothesises that environmental degradation initially increases with
income, then declines (Stern, Common & Barbier, 1996). However, critics have highlighted
that the EKC model is debateable, particularly when considering different indicators
of environmental degradation. For example, biodiversity may not improve with rising
income (Mills & Waite, 2009). Several studies have demonstrated that economic growth
has a strong positive effect on carbon dioxide, sulphur dioxide, and industrial greenhouse
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Figure 1 Diagram depicting the three dimensions of sustainability, adapted from Purvis et al. (2018).
Note: Multidimensional indices include indicators that fall under the environment, society, and economy
pillars. Environment-only indices include indicators that only fall under the environment pillar.

Full-size DOI: 10.7717/peerj.16325/fig-1

gas (GHG) emissions, but weaker effects on particulate matter (PM) and non-industrial
GHG emissions (Holtz-Eakin & Seldon, 1995; Stern, 2017). The constructors of the pENV
investigated relationships between per capita wealth and environmental impact and found
that EKC predictions were not supported (Bradshaw, Giam & Sodhi, 2010). The EPI team,
however, found a positive correlation between EPI scores and country wealth—indicating
that rising GDP per capita is associated with higher EPI scores (Wolf et al., 2022a; Wolf et
al., 2022b).

While complex interactions exist between the three pillars of sustainability,
environmental sustainability can be distinguished from social sustainability and economic
sustainability (Goodland, 1995;Usubiaga-Liaño & Ekins, 2021). Several different definitions
for environmental sustainability exist (Table 1). A common theme in these definitions is
the need for some qualities or functions of natural capital to be sustained for future
generations. Natural capital (the natural environment) is comprised of natural resource
stocks (e.g., water, forests, soil, wetlands, atmosphere), which provide a flow of goods
and services. Goods and services can be renewable and non-renewable with and without
marketed value (Ekins et al., 2003; Helm, 2015; OECD, 2008). Indicators representing the
qualities or functions of natural capital can be linked to environmental pressures, states,
and impacts, as well as social states where their functions are associated with human health
and welfare (Ekins et al., 2003; Usubiaga-Liaño & Ekins, 2021).

Environmental metrics represent the environmental dimension of sustainable
development and use a variety of indicators related to the qualities or aspects of natural
capital (Usubiaga-Liaño & Ekins, 2021). For the purposes of this review, we categorize
environmental indices into two broad categories. Environment-only indices focus
exclusively on aspects of natural capital that represent pressures, states, or impacts and
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Table 1 Definitions of environmental sustainability, adapted fromUsubiaga-Liaño & Ekins (2021).

Source Definition

Goodland (1995) Maintenance of natural capital.
Holdren, Daily & Ehrlich (1995) Maintenance or improvement of earth’s life support system.
Ekins et al. (2003) Maintenance of important environmental functions, and there-

fore, the maintenance of the capacity of natural capital stocks to
provide these functions.

Sutton (2004) The ability to maintain qualities that are valued in the physical en-
vironment.

Moldan, Janoušková & Hák (2012) Maintaining nature’s services at a suitable level.

exclude indicators related to environmental policies or human health and welfare. Thus,
environment-only indices only include indicators that fall under the environmental pillar of
sustainable development (Fig. 1). In line with research by Bradshaw, Giam & Sodhi (2010),
multidimensional indices use indicators that represent aspects of natural capital linked
to environmental pressures, states, impacts as well as indicators related to environmental
policies or human health and welfare. Human health and welfare functions provide services
to humans which maintain health and contribute to human wellbeing in other ways—both
economic and noneconomic (Usubiaga-Liaño & Ekins, 2021). Multidimensional indices
typically incorporate (either directly or as calculation components) indicators such as
human access to safe sanitation and drinking water, exposure to pollutants, and per capita
income. Unlike environment-only indices, multidimensional indices include indicators
that fall under all three pillars of sustainable development (Fig. 1).

Considerations for constructing environmental indices
Composite indices are typically developed using the same basic steps, including
development of a conceptual framework, data selection, imputation of missing data,
weighting and aggregation, uncertainty and sensitivity analysis (Table 2). Some indices,
however,may not use all the steps, or the conceptual framework andmethodological choices
may not be adequately described. This is concerning because results are often presented
in the media without sufficient information regarding the conceptual framework or
methods used to construct a given index (Conrad & Cassar, 2018). Additionally, misleading
rankings can be misused by politicians and industry organizations (Hsu, 2013;NewZealand
Parliament, 2011; Rowarth, 2020; Rowarth, 2021). For example, the director of two industry
organizations representing dairy farmers in New Zealand has used the country’s high
ranking in the Legatum Prosperity Index (LPI) to argue that New Zealand’s agricultural
industry has a lower environmental impact than other countries (Rowarth, 2021), despite
decades of scientific research suggesting otherwise (Duncan, 2014; Howard-Williams et
al., 2010; Joy, 2015). Thus, it is worthwhile to investigate how the conceptual frameworks
and construction choices used in existing indices may influence rankings. In the case
of the Natural Environment Pillar of the LPI (hereafter referred to as LPI-NE), the aim
is to measure aspects of the physical environment that have a direct effect on people.
Nevertheless, this index includes indicators that do not measure the physical environment,
such as disability-adjusted life year (DALY) as a measure of disease burden and survey
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Table 2 Standard principles for constructing composite indices, adapted fromDobbie & Dail (2012)
andNardo et al. (2005).

Step & reasoning

1. Establishment of a conceptual framework
- Provides criteria for the selection and combination of indicators under a fitness-for-purpose
principle.
2. Data selection
- Based on analytical soundness, measurability, regional coverage, and relevance of the indicators
to the phenomenon being measured and their relationship to each other.
- Quality of indicators should be checked.
3. Imputation of missing data
- Required to provide a complete data set (e.g. , by means of single or multiple imputations).
- Missing variables may be estimated.
4.Multivariate analysis
- Used to study the overall structure of the dataset, assess the suitability, and guide subsequent
methodological choices (e.g., weighting and aggregation).
5. Normalisation
- Carried out to render the variables comparable.
6.Weighting and Aggregation
- Performed to select appropriate weighting and aggregation procedures.
- Compensability among indicators should be allowed.
7. Uncertainty and sensitivity analysis
- A multi-modeling approach may be used to build the index, and alternative conceptual scenar-
ios for the selection of underlying indicators considered.
8. Return to the data
- Required to reveal the main drivers for an overall good or bad performance.
- Transparency for good analysis and policymaking.
9. Links to other indicators
- To correlate the composite indicator (or its dimensions) with existing (simple or composite)
indicators as well as to identify linkages through regressions
10. Visualization of results
- Visualization can influence or help to enhance interpretability.

responses (e.g., are you satisfied or dissatisfied with the quality of water?). This example
illustrates the importance of choosing indicators that are consistent with the environmental
phenomenon it aims to measure.

Several issues should be considered when assessing the adequacy of an environmental
index and whether it is fit for purpose (Bradshaw, Giam & Sodhi, 2010; Colling & Flynn,
2015). Firstly, environmental indices differ according to the conceptual frameworks that
inform them. Some environmental indices such as the EPI and Environmental State
and Sustainability Index (ESSI) aim to measure how close nations are to established
environmental policy targets (Oţoiu & Grădinaru, 2018; Wolf et al., 2022a; Wolf et al.,
2022b), while others focus on the supply and demand of nature (the Ecological Footprint)
(Wackernagel, Beyers & Rout, 2019), the health of ecosystems (Environmental Wellbeing
Index (EWI) Prescott-Allen, 2001), or environmental impacts (absolute ENV (aENV) and
proportional ENV (pENV)) (Bradshaw, Giam & Sodhi, 2010). A conceptual framework
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should define the objectives of the index and provide a clear outline of what is being
assessed (i.e., what is the environmental phenomenon being measured?) (Dobbie & Dail,
2012; Nardo et al., 2005). However, if the conceptual framework for a given index lacks
clear objectives and definitions of terms, and if selection criteria for indicators do not
reflect the conceptual framework, this can lead to debate and confusion (Haberland, 2008;
Ihobe, 2013).

Secondly, indicators should be relevant to the phenomenon being measured and data
selection processes should be carefully considered to avoid introducing inappropriate or
poor-quality indicators (or excluding key indicators). It is worth noting that there is often a
compromise between scientific precision and information available—what scientists would
like to measure does not always correspond with what can practically be measured at a
given point in time (Nardo et al., 2005). However, if the available data sets are inadequate
it can lead to questions about whether national ranks are meaningful (Browning, 2011;
Haberland, 2008; Ihobe, 2013; Press Information Bureau Government of India, 2022). This
was the case for the water quality index included in the 2010 EPI (Emerson et al., 2010).
In New Zealand, freshwater scientists revealed flaws in the water quality index used and
challenged the prime minister at the time about his misuse of New Zealand’s rank for
freshwater in the EPI (Browning, 2011; NewZealand Parliament, 2011). Subsequently the
EPI team reviewed the indicator and it was removed from later versions of the index
(Hsu, 2013). Another example of issues with data quality and coverage is the inclusion of
renewable water resources and freshwater withdrawal in the LPI-NE (Legatum Institute,
2020). Because data is limited for large parts of the world, modelled data from the Food
and Agriculture Organization (FAO) AQUASTAT database is used instead. The FAO itself
raised the need for caution when using the dataset: ‘‘the problems of insufficient data and
dubious accuracy paint a picture that, if interpreted as a final product, lead to incorrect
assumptions’’ (FAO, 2021, p.41, para. 5). The FAO highlighted issues with data coverage
for North America, Europe, Japan, Australia, and New Zealand—all of which rank highly
in the LPI-NE (FAO, 2021). Failure to assess the impact of imputed values can impact on
the quality of an index.

Another issue to consider is that data from different time periods may be used by the
developers of environmental indices. A given index may include data for a particular
point in time or averages for a set number of years. For example, the aENV and pENV
use the most recent three-year average for annual fertilizer consumption and the most
recent ten-year average for CO2 emissions (Bradshaw, Giam & Sodhi, 2010). Others may
include data for a particular point in time, trends over a certain time period, or future
projections. For example, in the EPI forest loss is measured over a five-year period and
compared to a reference year, GHG emissions are predicted for the year 2050, and human
exposure to heavy metals is calculated for a 30-year period (Wolf et al., 2022b; Wolf et al.,
2022a). While the appropriateness of timeframes may vary according to the indicator, it
is crucial to clearly communicate the periods used so that potential users of the index can
evaluate the decisions made by the developers. However, timeframes for data collection and
decision-making are not clearly communicated for some indices. For example, timeframes
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for the dataset used for the CIEP are not provided (García-Sánchez, Almeida & Camara,
2015), which adds another level of complexity when interpreting the index.

Finally, there are issues with the statistical methods used for some environmental
indices. Different procedures may be used for normalization, weighting, aggregation, and
uncertainty and sensitivity analysis.Weighting techniques are particularly important as they
can lead to different rankings (Chakrabartty, 2018; Dobbie & Dail, 2012; Morse & Fraser,
2005). There are three commonmethods for weighting indicators: (1) expert opinion-based
weighting, which uses subjective judgements in an open discussion with experts (e.g., EPI),
(2) equal weighting where all indicators are given the same weighting (e.g., Environmental
Vulnerability Index (EVI)), and (3) statistics-based weighting (e.g., ESSI, aENV and pENV).
Indices that use expert opinion-based and equal weighting methods have been criticized for
failing to consider the interlinkages and dynamic interrelations of the various components
(Agliardi, Pinar & Stengos, 2014; Morse & Fraser, 2005; Paulvannan Kanmani et al., 2020).
Indices such as the aENV, pENV and ESSI use multivariate analysis to explore the nature
of datasets and determine weights (Bradshaw, Giam & Sodhi, 2010; Oţoiu & Grădinaru,
2018). A recent study used stochastic dominance theory to investigate how sensitive EPI
scores are to alternative weight choices (Pinar, 2022). By using alternative weights, 67
countries would have seen a rank change of at least 30 places, while 37 would have seen a
rank change of at least 50 places. This example illustrates the importance of incorporating
uncertainty and sensitivity analyses into the development of environmental indices, as
well as communicating the statistical methods employed explicitly and transparently. It is
important to highlight that statistical methods also have a drawback in that they cannot be
easily communicated, which may reduce public trust in the index.

In summary, environmental indices vary widely in terms of conceptual framework
(what environmental phenomena is being measured, terminology used, selection criteria
for indicators) and methodological choices (data choices, normalization, weighting and
aggregation techniques, uncertainty and sensitivity analysis). The quality of the data
included in different indices also varies (e.g., gaps in temporal and spatial coverage). The
following section presents a brief characterization of ten global environmental indices.

Summary of ten national-level indices
Search method
An exhaustive search was performed to identify potential worldwide environmental indices
(conducted by the first author). Two public search engines (Google and Bing) were used
as well as academic databases (Scopus, JSTOR, Science Direct). The following search
strategy was used: (Environmental AND (index OR indices OR composite)) AND (nation
OR national OR countries OR performance OR quality OR health). Our characterization
is restricted to ten national level indices that have sufficient published information to
determine their properties. Of the ten indices, only the EPI, LPI-NE, Efpc and EFtot are
ongoing projects and have recent versions available. We have included the remaining
six indices as they provide valuable information on the strengths and weaknesses of
environmental indices. Indices were considered in our analysis if they included at least
100 countries, if the weighting and aggregation methods were clear, and if there was
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sufficient information about the indicators included (e.g., data sources were transparent,
and indicators clearly defined). To avoid researcher bias, the first and second authors
evaluated each of the ten potential national-level environmental indices separately.

Information for each index is summarised in overview tables, including (1) a brief
characterization of each index, (2) what each index aims to measure—and whether this it
does so adequately or not, (3) the methods used to construct each index (according to the
steps outlined in Table 2), and (4) their strengths and weaknesses.

Four indices (the CIEP, EPI, ESSI, and LPI-NE) are multidimensional indices, while the
remaining indices (EFpc, EFtot, EVI, EWI, aENV, pENV) are environment-only indices.
The weighting and aggregation methods used for multidimensional and environment-only
indices are mixed (Tables 3 and 4). To illustrate, the four multidimensional indices use
three different methods. The CIEP and ESSI use statistics-based weighting, the EPI uses
expert opinion-based weighting, and the LPI-NE uses a combination of two methods
where weights are primarily determined by expert opinion and academic literature, and to
a lesser extent by statistical significance to the economic and social wellbeing of a country.
Environment-only indices also use a mix of different methods. The aENV and pENV use
statistics-based weighting, the EFpc and EFtot use expert opinion-based weighting, and the
EVI and EWI use equal weighting.

RANK CORRELATIONS IN GLOBAL ENVIRONMENTAL
INDICES
There are considerable differences in rank among existing environmental indices. Here, we
compare country ranks for each of the indices identified in ‘Summary of ten national-level
indices’, and explore potential explanations for differences in ranking, such as conceptual
framework and construction choices.

Methods
First, we examined rank correlations for global environmental indices. Data for the EPI
(2020), LPI-NE (2021), EF per capita (EFpc) and EF total (EFtot) (2018) were sourced from
official websites (Global Footprint Network, 2022; Legatum Institute, 2021; Yale Center for
Environmental Law and Policy, 2023). Data for ESSI (2018), EVI (1999), aENV and pENV
(2010) were obtained from academic publications (Bradshaw, Giam & Sodhi, 2010; Kaly,
Pratt & Mitchell, 2004; Oţoiu & Grădinaru, 2018). Data for the CIEP (2015) was obtained
directly from Dr Thiago Almeida (Campina Grande Federal University, Brazil), one of the
developers of the CIEP (Almeida, 2015a).

Ranks were compiled for each of the following indices: CIEP, EPI, ESSI, LPI-NE, aENV,
pENV, EFpc and EFtot, EVI, EWI. Countries were only included if there was a value for
each index, resulting in a total of 114 countries. Original rankings were normalized using
the following formula:

zi=
(xi−min(x))

(max(x)−min(x))
∗100

where zi is the ith normalised value in the set, xi is the ith value in the dataset, min(x) is
the minimum value in the dataset, and max(x) is the maximum value in the dataset.
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Table 3 Summary of four multidimensional indices, including conceptual framework, weighting and aggregation choices, strengths and weaknesses.

Index Countries Indicators Weighting
and aggregation
choices

Conceptual Framework First published in

EPI 180 32 Ex Environmental performance –proximity
to established international environ-
mental policy goals and targets

Esty et al. (2006)

ESSI 163 22 S Environmental state and sustainability Oţoiu & Grădinaru (2018)
CEP 152 19 S Assessment of environmental perfor-

mance in relation to human health
Almeida (2015a); Almeida (2015b)

LPI-NE 167 Ex & S Evaluation of physical environment in
relation to human prosperity

Legatum Institute (2017)

Summary of indices
EPI
–The EPI was preceded by the Environmental Sustainability Index (ESI) which was first published in 2000. The EPI has been published from 2006 onwards
and aims to have a narrower scope than its predecessor, focusing on key environmental policy outcomes. Despite the change in name and focus, the difference
between the ESI and EPI is questionable. We performed a Kendall’s τ investigation of rank correlations across the different versions of the ESI and EPI and
results indicate that ranks for the countries have remained similar over time (File S2).
–Issue categories are organized under three broad policy objectives (or pillars): climate change, ecosystem vitality, and environmental health.
–The environmental health objective considered a misnomer by some because it deals with human health as it is affected by the environment (Hermele, 2009).
Together, all human health indicators receive 18% of total weight (Wolf et al., 2022a;Wolf et al., 2022b). Thus, high income countries that fare well on human
health indicators, such as clean drinking water, will score more highly than low income countries.
–The EPI developing team have highlighted problems with data gaps and the need for better data collection, reporting and verification (Wendling et al., 2018;
Wendling, Emerson & Esty, 2020).
–The choice of variables has been criticized because variables do not adequately capture specific dimensions of typical environmental problems in high income
countries (e.g., water pollution from agriculture and soil management (Atici, 2009, Haberland, 2008).
–A Joint Research Commission (JCR) analysis of the 2014 EPI found that changes in the policy objectives’ weights and aggregation function led to significant
variation for several countries. JCR reviews suggest that the EPI should move from expert-based weighting and aggregation methods to include multivariate
analysis, uncertainty and sensitivity analysis.
ESSI
–Designed to build upon and guide future versions of the EPI.
–Includes human health indicators, such as life expectancy at birth, that do not reflect the aim of measuring the state of the environment.
–In contrast to the EPI, the ESSI uses factor analysis rather than expert opinion and judgement for indicator weighting.
–Country ranks generally comparable with the EPI, however, there are large differences for several countries.
CIEP
–Uses the Driving-Force-Pressure-State-Exposure-Effect-Action (DPSEEA) framework and aims to link health, environmental, and economic development
issues.
–As the CIEP is designed to link environmental problems with human health, indicators such as access to drinking water, sanitation, child mortality, and per
capita income are included.

(continued on next page)
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Table 3 (continued)

–Constructed using statistical techniques: data is transformed using Yeo-Johnson transformation, weighting and aggregation are performed according to
CRITITC (Criteria Importance Through Intercriteria Correlation), and aggregation is linear in two steps.
–The theoretical framework and statistical methods are clear and transparent. However, the name of the index is inconsistent with the constructors’ goal of
linking environmental problems with human health.
–The CIEP may be useful for decision makers seeking to reduce the impacts of environmental problems on human health, however, it is less useful as an
indicator of the quality of natural systems.
LPI-NE
–The LPI-NE is part of the wider Legatum Prosperity Index that uses 12 pillars of prosperity (safety and security, personal freedom, governance, social capi-
tal, investment environment, enterprise conditions, market access and infrastructure, economic quality, living conditions, health, education, and natural en-
vironment).
–Includes 6 elements: preservation efforts, oceans, forest, soil, exposure to air pollution, and emissions.
–Human health measures (e.g. , exposure to fine particulate matter) are included in the LPI-NE; this does not fit with the aim of evaluating aspects of the
physical environment, and these indicators might be better placed under the health pillar of the wider LPI.
–Uses population-weighted scores to capture effects on individuals rather than countries. Weights are determined by two factors: (1) the relevance and signif-
icance of the indicator to prosperity (informed by academic literature and expert opinion), and (2) the statistical significance of the indicator to economic and
social wellbeing of a country.

Notes.
Accounting based = A, Equal weighting = E, Expert opinion-based = Ex, Statistics based = S.
Abbreviations: CIEP, Composite Index of Environmental Performance; EPI, Environmental Performance Index; ESSI, Environmental State & Sustainability and Index; LPI-NE, Legatum Prosperity
Index Natural Environment Pillar.
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Table 4 Summary information for six environment-only indices including conceptual frameworks, weighting and aggregation choices, strengths and weaknesses.

Index Countries Indicators Weighting and
aggregation
choices

Conceptual framework First published in

EVI 192 50 E Environmental vulnerability Kaly et al. (1999)
EWI 180 52 E Environmental quality –proximity to goal (low level of

ecosystem stress)
Prescott-Allen (2001)

EF tot Ecological deficit/ecological reserves (total)
Ef pc

178 16 A
Ecological deficit/ecological reserves (per capital)

Rees (1992)

Environmental impact –performance with respect to
absolute (total) global impactaENV

pENV 178 12 S
Environmental impact –performance with respect to total
resources available per country

Bradshaw, Giam & Sodhi (2010)

Summary of indices
EVI
–Intended to be used alongside separate economic and social vulnerability indices and designed to provide insight into the processes that can negatively
influence sustainable development.
–Considers both natural and human induced changes (e.g., habitat fragmentation, overfishing, earthquakes).
–Human health and socioeconomic indicators are explicitly excluded from the EVI. Using independent environmental, economic, and social vulnerability
indices allows relationships between the three pillars of sustainability to be identified.
–Could be improved upon if statistical measures were used for weighting and aggregation rather than simply using unweighted averages.
EWI
–Measures progress towards the goal of a high level of ecosystem wellbeing and was developed to be used alongside the Human Wellbeing Index (HWI). The
EWI and HWI are used to compare human conditions with the state of the environment.
–Explicitly excludes human health indicators and indicators of environmental policies and practices. This allows trade-offs between the different pillars of
sustainability to be identified.
–Uses unweighted averages to build separate indices for land, water, air, species and genes, and resource use. The separate indices are then aggregated to form
the EWI.
–The inclusion of statistical methods would improve the reliability of the EWI, rather than reliance on unweighted averages.
EFtot and EFpc
–EF accounting focusses on the supply and demand of nature. On the supply side, biological capacity is the ability of an ecosystem to produce useful biological
materials and absorb CO2. On the demand side, the EF measures the ecological assets a population requires to produce the resources it consumes and to absorb
its waste.
–Designed to raise awareness about the impact of humans on natural systems, with the aim to guide sustainability policy.
–The Global Footprint Network have openly recognized limitations to the EF. The EF is not a full metric of environmental sustainability because some key
environmental impacts are not captured. For example, the EF uses the size of fishing grounds, but does not take into account the quality of these resources (a
polluted fishing ground will be less productive than a health well-managed fishing ground).
–The EF overestimates biocapacity because it does not distinguish between sustainable and unsustainable land use.
–The EF has been criticized because of its fixed weighting scheme where some categories receive identical weights. When identical weights are assigned the
potential interlinkages of the various components are ignored. Ideally, multivariate analysis should be used to explore the nature of datasets and assess the
contribution of the different variables.

(continued on next page)
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Table 4 (continued)

–Despite its limitations, footprint accounting can be a powerful tool to visualize human exploitation of resources in a single dimension (the land and water area
required to support human use). For example, one international study (covering Australia, Canada, United States, United Kingdom, Mexico, France, Italy, Ger-
many, Brazil, and the Netherlands) surveyed individual users on their experience and perceptions of the EF calculator. 91% of the 4,245 participants considered
the EF to be a valuable tool for knowledge generation, and 78% found it useful to motivate actions (Collins et al., 2020). This indicates that the EF has been use-
ful in terms of raising awareness about the impacts of humans on natural systems.
aENV and pENV
–Environmental impact variables include natural forest loss, habitat conversion, marine captures, fertilizer use, water pollution, carbon emissions, and
biodiversity threat.
–The constructors acknowledge that they could not include all major indicators of environmental degradation (e.g., bush meat harvest, coral reef habitat quality,
freshwater degradation) because data was not available at the global scale.
–The conceptual framework clearly states what the index is measuring (environmental impact) and explicitly excludes confounding human health and
socioeconomic factors to provide the most accurate assessment of impact for natural environments.
–The ENV uses multivariate statistical analysis to account for interlinkages of the various components and to determine component weights.
–Of the two versions, the aENV is considered a better reflection of a country’s contribution to the global environmental state.

Notes.
Accounting based = A, Equal weighting = E, Expert opinion-based = Ex, Statistics based = S.
Abbreviations: EWI, EcosystemWellbeing Index; EF tot, Ecological Footprint total; EF pc, Ecological Footprint per capita; EVI, Environmental Vulnerability Index.
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Table 5 A. Degree of Correlation. B. CorrelationMatrix for EPI (2020), ESSI (2018), CIEP (2015), LPI-NE (2021), EVI (1999), EWI (2001), EF
tot (2018), EF pp (2018), aENV (2010), pENV (2010).

(a) Degree of correlation.

(b) CorrelationMatrix for EPI (2020), ESSI (2018), CIEP (2015), LPI-NE (2021), EVI (1999), EWI (2001), EF tot (2018), EF pp (2018),
aENV (2010), pENV (2010).

Notes.
*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
Abbreviations: CIEP, Composite Index of Environmental Performance; EWI, EcosystemWellbeing Index; EF tot, Ecological Footprint total; EF pc, Ecological Footprint per
capita; EPI, Environmental Performance Index; ESSI, Environmental State & Sustainability and Index; EVI, Environmental Vulnerability Index; LPI-NE, Legatum Prosper-
ity Index - Natural Environment Pillar.

To determine the degree of agreement between ranks we used Kendall’s τ coefficient,
which is a commonly used measure of rank correlation (Field, 2018). Because several ranks
were tied, we chose Kendall’s τ coefficient over Spearman’s rank correlation because it is
considered more appropriate in the case of tied ranks in the data set (Field, 2018). Kendall’s
τ was calculated using IBM SPSS Statistics (Statistical Package for Social Sciences) for
Windows, Version 28. If these distinct environmental indices assess similar measurable
aspects of environmental features of countries, moderate-to-high positive correlations are
to be expected.

Second, we investigated rank correlations for indices that were published in the same
year. Original ranks were normalized using the method outlined previously and Kendall’s
τ coefficient was used to determine the degree of agreement between ranks for: the pENV
and EPI (2010), the aENV and EPI (2010), the EFpc and EPI (2018), EFtot and EPI (2018).

Third, we examined rank correlations for pillars within the EPI. For the 2010 version
of the EPI, the correlation between the environmental health and ecosystem vitality pillars
could be tested because the environmental health pillar consists exclusively of human health
and welfare indicators, while the ecosystem vitality pillar consists exclusively of indicators
of ecosystem pressures, states, and impacts. For the most recent versions of the EPI, human
health and welfare indicators are no longer the sole components of the environmental
health pillar. Thus, a simple correlation analysis for the pillars is not possible.
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Finally, we compiled rank summaries for four countries to investigate rank patterns
for low and high income countries. Germany and New Zealand represent high income
countries in the Europe and Pacific regions, respectively. The countries of Mongolia
and Niger represent low income countries in Asia and Africa, respectively. The four
countries face a range of different environmental issues. Germany has a high emissions
profile and faces issues with air and water pollution as well as biodiversity loss (European
Environment Agency, 2023; OECD, 2023). Environmental issues in New Zealand include
water pollution, soil degradation, biodiversity loss, and a high emissions profile (OECD,
2017; for Environment, 2022). In Niger, environmental issues include land degradation
and desertification, pressure on natural resources from population growth, and pollution
from mining (Larsen & Mamosso, 2013; The World Bank, 2021). Environmental issues in
Mongolia include habitat and biodiversity loss, and pollution frommining (Rossabi, 2021).

Results
If these distinct environmental indices assess similar measurable aspects of environmental
features of countries, moderate-to-high positive correlations are to be expected. However,
we found positive correlations between multidimensional indices, positive or no
correlations between environment-only indices, and negative or no correlations between
multidimensional and environment-only indices.

Rank correlations for ten national level indices
Correlations ranged from moderate negative to strong positive (Table 5A and 5B). The
highest positive correlation was between the EPI and ESSI, which indicates that the increase
in a country’s EPI rank was associated with an increase in ESSI rank. There were moderate
positive correlations between the EPI and LPI-NE, EPI and CIEP, CIEP and ESSI, CIEP
and LPI-NE, ESSI and LPI-NE, aENV and EFtot, pENV and EVI, EVI and EWI. There
were also weak positive correlations between the EFpc and EWI, EFtot and EWI, aENV
and pENV, EWI and pENV.

There was a moderate negative correlation between the EPI and EFpc. This negative
correlation indicates there was an inverse relationship between the two indices, i.e., the
increase in a country’s rank in the EFpc was associated with a decrease in rank in the EPI
(or vice versa). There were also weak negative correlations between the EFpc and ESSI, Efpc
and CIEP, aENV and EPI, EWI and EPI, EFpc and LPI-NE, EWI and ESSI, EVI and ESSI,
EWI and CIEP, and EVI and EPI.

Rank correlations for indices published in the same year
There was a moderate negative correlation between the 2018 versions of the EFpc and the
EPI (Kendall τ = −0.483, P < 0.01). Ranks varied up to 92 places (normalized 0–100).
There was a very weak negative correlation between country ranks for the 2018 versions of
the EFtot and the EPI (Kendall τ = −0.109, P < 0.05) and country ranks varied by up to
93 places (normalized 0–100) (File S1).

There was a very weak negative correlation between country ranks for the 2010 versions
of the aENV and EPI (Kendall τ = −0.072, P < 0.05) and country ranks varied up to 86
places (normalized 0–100). There was also a very weak negative correlation between ranks
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Figure 2 Relation between: (A) ranks for New Zealand and Niger, (B) ranks for Germany andMongo-
lia (relationship break down by category of environmental index).Note: Abbreviations: Composite In-
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(EF tot); Ecological Footprint per capita (EF pc); Environmental Performance Index (EPI); Environmental
State & Sustainability and Index (ESSI); Environmental Vulnerability Index (EVI); Legatum Prosperity In-
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for the 2010 versions of the pENV and EPI (Kendall τ = −0.156, P < 0.01) and country
ranks varied up to 99 places (normalized 0–100) (File S1).

Rank correlations for pillars within EPI (2010)
There was a weak negative correlation between the Ecosystem Vitality and Environmental
Health pillars of the 2010 version of the EPI (Kendall τ =−0.219, P < 0.01). This indicates
that an increase in a country’s environmental health ranking was associated with a decrease
in its ecosystem vitality ranking (or vice versa) (File S1).

Summary of rankings for Germany, New Zealand, Mongolia and Niger
When normalized 0–100, New Zealand’s rank varied by up to 88.6 places (Fig. 2A) and
Germany’s rank varied by 79 places (Fig. 2B). Germany and New Zealand achieved the
highest scores in multidimensional indices, and the lowest scores in environment-only
indices. Niger’s rank varied by up to 94 places (Fig. 2A), while Mongolia’s rank varied up to
80.3 places (Fig. 2B). Mongolia and Niger achieved the highest scores in environment-only
indices, and the lowest scores in multidimensional indices.

Of note, when considering weighting methods there was no clear pattern across the
different indices. For example, rankings for New Zealand and Niger were quite disparate in
the ESSI and pENV (20.9 and 90.4; 95.7 and 2.3 respectively), even though both indices use
statistics-based weighting procedures. However, when considering Germany, New Zealand,
Mongolia, and Niger’s rankings across multidimensional and environment-only indices
clear patterns emerge. Mongolia and Niger scored well in environment-only indices, while
New Zealand and Germany scored well in multidimensional indices.
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DISCUSSION
Composite indices have been widely used to rank the environmental performance of
nations. Despite their benefits, environmental indices can have numerous drawbacks;
poorly constructed or communicated indices can undermine efforts to identify and address
environmental failings and misguide policy messages and decisions (Böhringer & Jochem,
2007; Bradshaw, Giam & Sodhi, 2010; Haberland, 2008; Morse & Fraser, 2005). This review
sought to answer three questions. The first question asked: which conceptual framework(s)
or indicators inform the development of country rankings in environmental indices?
We split environmental indices into two broad categories according to their conceptual
frameworks and the indicators included. Multidimensional indices measure environmental
performance in relation to human health and welfare functions, and typically incorporate
indicators such as human access to safe sanitation, exposure to pollutants, and per capita
income. Environment-only indices, on the other hand, focus exclusively on functions of
natural capital that represent pressures, states, or impacts and explicitly exclude indicators
related to human health and welfare. Bothmultidimensional and environment-only indices
use a range of weighting and aggregation methods.

Second, we sought to understand the impact of different conceptual frameworks (and
indicators) on global rankings. We examined rank correlation for ten national level
environmental indices, and where possible, we investigated rank correlations for indices
published in the same year. While previous research has demonstrated the sensitivity of
rankings to different weighting methods (Halkos & Zisiadou, 2018; Pinar, 2022), in our
analysis we did not observe any clear patterns across the indices. Our results indicate
the following patterns: (1) multidimensional indices (CIEP, EPI, ESSI, LPI-NE) were
positively correlated with one another, (2) environment-only indices (EFpc, EFtot, aENV,
pENV, EVI, EWI) were positively correlated with one another, or there is no correlation,
and (3) multidimensional indices were either negatively correlated with environment-only
indices, or there is no correlation. Researchers have used a range of weighting methods. The
multidimensional indices included in this study showedmuch stronger positive correlations
with each other, than do environment-only indices. This may be due to similarities in the
indicators and datasets used. The ESSI, for example, was developed to guide revisions of
the EPI and uses similar indicators but with a statistics-based weighting system to account
for relationships between them. However, the general pattern of correlations observed for
multidimensional and environment-only indices indicate that conceptual framework and
indicator choice may influence a country’s rank among different indices.

As a complement to our analysis of rank variation for existing national-level indices,
we examined rank correlations within the EPI’s pillars. The ecosystem vitality pillar
includes indicators that fall under the environmental pillar of sustainable development,
whereas the environmental health pillar includes indicators that fall under the social and
economic pillars of sustainability. The negative correlation between the environmental
health and ecosystem vitality pillars of the 2010 version indicates that an increase in a
country’s environmental health rank is associated with a decrease in the ecosystem vitality
ranking. Our findings support previous research (Bradshaw, Giam & Sodhi, 2010) and
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demonstrates that environmental sustainability can be distinguished from social and
economic sustainability. This highlights how the inclusion of human health and welfare
indicators may influence a country’s overall rank with the potential to misrepresent the
environmental sustainability of different countries. The environmental health pillar of
most recent version of the EPI includes indicators relating to waste management as well as
human health and welfare indicators. Thus, it is not straightforward to compare ranks for
the environmental health and ecosystem vitality pillars. While it is beyond the scope of this
article to disaggregate and re-weight the indicators and issue categories of the most recent
version of the EPI, this could be explored in future research.

One limitation in our correlation study is that the release dates for the indices range over
several years. Unfortunately, some indices only have one iteration, and it was therefore not
possible to conduct a year-on-year comparison for every index. While this is an important
limitation, analyses of indices such as the EPI have confirmed strong positive correlations
between ranks over multiple iterations (File S2). This indicates that country ranks within
the same index do not vary markedly over time and provides some assurance in the
results reported here. In particular, the EPI (and other indices such as the LPI-NE) could
be constructed without indicators related to human health and welfare, and have ranks
compared to those in existing environment-only indices, such as the Ecological Footprint.
As the EPI uses expert opinion-based weighting, different weighting procedures (e.g.,
multivariate analysis) could also be considered along with sensitivity analysis. Additionally,
subsets of data for the same years could be analysed for a more direct comparison.

Thirdly, we sought to understand the extent to which the different environmental
indices capture environmental problems in low and high income countries. We have used
the examples of Germany, New Zealand, Mongolia, and Niger to illustrate the complexities
involved when interpreting ranks among different indices. Low income countries, such
as Mongolia and Niger, often score poorly in multidimensional indices and well in
environment-only indices. In Niger 42.9% of the population live in extreme poverty (The
World Bank, 2021) and only 13% of the population has access to basic sanitation services
(UNICEF, 2020). In Mongolia, 28% of the population lives in poverty (The World Bank,
2021) and only 27% of the population has access to sanitation (UNICEF, 2017). Thus, the
inclusion of indicators such as access to sanitation and GDP in multidimensional indices
complicates interpretation, and ultimately leads to a less optimistic view of Mongolia and
Niger’s environments when compared to high income nations. By contrast Germany and
New Zealand both score well in multidimensional indices. Germany and New Zealand are
classified as a high income nations and this is reflected in indicators such as access to clean
drinking water and sanitation (UNDESA, 2021; World Bank, 2023a; World Bank, 2023b;
World Bank, 2023c). The inclusion of such indicators provides a more optimistic view
of German and New Zealand’s environments when compared to lower income nations.
Because interactions between economic growth, improvements in human health and
welfare, and environmental quality are complex, it is important to treat multidimensional
indices with caution—multidimensional indices require more layers of interpretation than
environment-only indices.
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Research looking at rank differences between environmental indices and socio-economic
has largely focussed on relationships between the EPI and GDP per capita, human
development (Lai & Chen, 2020; Tektüfekçi & Kutay, 2016; Wolf et al., 2022a; Wolf et al.,
2022b;Wurie & Pillai, 2014). While the scope of this article was concentrated on examining
correlations in environmental indices, the dataset collated for the present research could be
utilised to extend research into correlations between multidimensional and environment-
only indices and other composite indices or indicators of human health and welfare such
as GDP. These may include sustainability and climate indices such as the HDI, Global
Sustainability Index (GSI), Sustainable Development Index (SDI), and Global Social
Mobility Index.

Our article provides insight into the benefits and challenges of constructing
environmental indices, which can help inform the future design of (improved) indices.
It is important to assess whether the conceptual framework and indicators included are
appropriate. If an index is intended to measure the qualities or functions of natural capital
linked to environmental as well as human health and welfare or policy processes, then it
may be appropriate to include indicators such as access to sanitation, indoor air pollution,
and per capita income. If the index is intended to measure the environment-only, then
functions linked to human health and welfare, or policy should be excluded. If such
indicators are included, the actual state of natural environments may not be accurately
represented.

In this article we have: (1) examined existing environmental indices and quantified rank
variations, (2) identified patterns across multidimensional and environment-only indices,
and (3) examined how conceptual frameworks and methodological choices influence
global rankings. Our findings highlight wide variations in country ranks among existing
environmental indices. Specifically, our results suggest that conceptual framework and
indicator choice can affect ranking and produce a more, or less, optimistic view of a
country’s environment. While weighting procedures and sensitivity analysis may have
some impact on overall ranking, it is likely that conceptual framework and indicator choice
have a larger effect.

ACKNOWLEDGEMENTS
A significant contribution to this article was made by Dr Lynda Petherick, who sadly passed
away during the preparation of the manuscript. We dedicate this article in her memory.
We would like to thank the reviewers for the valuable feedback provided, which helped us
to improve our manuscript.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This research was supported by a Victoria University of Wellington Doctoral Scholarship
(Shelley M. Stevens). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Stevens et al. (2023), PeerJ, DOI 10.7717/peerj.16325 19/26

https://peerj.com
http://dx.doi.org/10.7717/peerj.16325


Grant Disclosures
The following grant information was disclosed by the authors:
Te Herenga Waka Victoria University of Wellington Doctoral Scholarship.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Shelley M. Stevens conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.
• Michael K. Joy conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final
draft.
• Wokje Abrahamse conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.
• Taciano L.Milfont conceived and designed the experiments, performed the experiments,
analyzed the data, authored or reviewed drafts of the article, and approved the final draft.
• Lynda M. Petherick conceived and designed the experiments authored and reviewed
drafts of the article.

Data Availability
The following information was supplied regarding data availability:

The raw data for our correlation analysis and the summary results of the rank correlation
we performed for 10 iterations of the ESI/EPI are available in the Supplementary Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.16325#supplemental-information.

REFERENCES
Agliardi E, Pinar M, Stengos T. 2014. An environmental degradation index based on

stochastic dominance. Empirical Economics 48(1):439–459
DOI 10.1007/s00181-014-0853-3.

Alberti M, Parker JD. 1991. Indices of environmental quality. The search for
credible measures. Environmental Impact Assessment Review 11(2):95–101
DOI 10.1016/0195-9255(91)90026-G.

Almeida TADN. 2015a. CIEP Dataset Almeida, Thiago Alexandre Das Neves.
Almeida TADN. 2015b. A Proposal for a Composite Index of Environmental Perfor-

mance (CIEP) for Countries University of Salamanca]. Salamanca. Available at https:
//gredos.usal.es/bitstream/handle/10366/133206/REDUCIDA_CIEP.pdf?sequence=1&
isAllowed=y .

Stevens et al. (2023), PeerJ, DOI 10.7717/peerj.16325 20/26

https://peerj.com
http://dx.doi.org/10.7717/peerj.16325#supplemental-information
http://dx.doi.org/10.7717/peerj.16325#supplemental-information
http://dx.doi.org/10.7717/peerj.16325#supplemental-information
http://dx.doi.org/10.1007/s00181-014-0853-3
http://dx.doi.org/10.1016/0195-9255(91)90026-G
https://gredos.usal.es/bitstream/handle/10366/133206/REDUCIDA_CIEP.pdf?sequence=1&isAllowed=y
https://gredos.usal.es/bitstream/handle/10366/133206/REDUCIDA_CIEP.pdf?sequence=1&isAllowed=y
https://gredos.usal.es/bitstream/handle/10366/133206/REDUCIDA_CIEP.pdf?sequence=1&isAllowed=y
http://dx.doi.org/10.7717/peerj.16325


Atici C. 2009. Pollution without subsidy? What is the environmental performance index
overlooking? Ecological Economics 68(7):1903–1907
DOI 10.1016/j.ecolecon.2009.03.005.

Baker S. 2016. Sustainable development. Routledge: Taylor & Francis Group.
Blumetto O, Castagna A, Cardozo G, García F, Tiscornia G, Ruggia A, Scarlato S,

Aguerre VAlbicetteMM, Albin A. 2019. Ecosystem Integrity Index, an innovative
environmental evaluation tool for agricultural production systems. Ecological
Indicators 101:725–733 DOI 10.1016/j.ecolind.2019.01.077.

Böhringer C, Jochem PEP. 2007.Measuring the immeasurable - a survey of sustainability
indices. Ecological Economics 63(1):1–8 DOI 10.1016/j.ecolecon.2007.03.008.

Bradshaw CJA, Giam X, Sodhi NS. 2010. Evaluating the relative environmental impact of
countries. PLOS ONE 5(5):e10440 DOI 10.1371/journal.pone.0010440.

Browning C. 2011.Mike Joy answers the PM, with hard facts. Available at https://www.
pundit.co.nz/content/mike-joy-answers-the-pm-with-hard-facts.

Brundtland GH. 1987.Our common future / world commission on environment and
development. Oxford: Oxford University Press.

Burgass MJ, Halpern BS, Nicholson E, Milner-Gulland EJ. 2017. Navigating uncer-
tainty in environmental composite indicators. Ecological Indicators 75:268–278
DOI 10.1016/j.ecolind.2016.12.034.

Chakrabartty SN. 2018. Better composite environmental performance index. Interdisci-
plinary Environmental Review 19(2):139–139 DOI 10.1504/ier.2018.10014578.

Colling A, Flynn A. 2015. The ecological footprint: new developments in policy and practice.
Northampton: Edward Elgar Publishing Limited DOI 10.4337/9780857936967.

Collins A, Galli A, Hipwood T, Murthy A. 2020. Living within a one planet reality:
the contribution of personal footprint calculators. Environmental Research Letters
15(2):025008 DOI 10.1088/1748-9326/ab5f96.

Conrad E, Cassar LF. 2018. The environmental performance index: does this reflect
reality? In: Routledge handbook of sustainability indicators. Routledge: Taylor & Fran-
cis. Available at https://www.taylorfrancis.com/chapters/edit/10.4324/9781315561103-
19/environmental-performance-index-elisabeth-conrad-louis-cassar .

Cook D, Saviolidis NM, Davísdóttir B, Jóhannsdóttir L, Ólafsson S. 2017.Mea-
suring countries’ environmental sustainability performance—the devel-
opment of a nation-specific indicator set. Ecological Indicators 74:463–478
DOI 10.1016/j.ecolind.2016.12.009.

Dobbie MJ, Dail D. 2012. In: El-Shaarawi AH, Piegorsch WW, eds. Environmental
indices. 2 ed. Hoboken: John Wiley & Sons, 862–864.

Duncan R. 2014. Regulating agricultural land use to manage water quality: The chal-
lenges for science and policy in enforcing limits on non-point source pollution. Land
Use Policy 41:378–387 DOI 10.1016/j.landusepol.2014.06.003.

Ebert U,Welsch H. 2004.Meaningful environmental indices: a social choice ap-
proach. Journal of Environmental Economics and Management 47:270–283
DOI 10.1016/j.jeem.2003.09.001.

Stevens et al. (2023), PeerJ, DOI 10.7717/peerj.16325 21/26

https://peerj.com
http://dx.doi.org/10.1016/j.ecolecon.2009.03.005
http://dx.doi.org/10.1016/j.ecolind.2019.01.077
http://dx.doi.org/10.1016/j.ecolecon.2007.03.008
http://dx.doi.org/10.1371/journal.pone.0010440
https://www.pundit.co.nz/content/mike-joy-answers-the-pm-with-hard-facts
https://www.pundit.co.nz/content/mike-joy-answers-the-pm-with-hard-facts
http://dx.doi.org/10.1016/j.ecolind.2016.12.034
http://dx.doi.org/10.1504/ier.2018.10014578
http://dx.doi.org/10.4337/9780857936967
http://dx.doi.org/10.1088/1748-9326/ab5f96
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315561103-19/environmental-performance-index-elisabeth-conrad-louis-cassar
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315561103-19/environmental-performance-index-elisabeth-conrad-louis-cassar
http://dx.doi.org/10.1016/j.ecolind.2016.12.009
http://dx.doi.org/10.1016/j.landusepol.2014.06.003
http://dx.doi.org/10.1016/j.jeem.2003.09.001
http://dx.doi.org/10.7717/peerj.16325


Ekins P, Simon S, Deutsch L, Folke C, De Groot R. 2003. A framework for the practical
applications of the concepts of critical natural capital and strong sustainability.
Ecological Economics 44:165–185 DOI 10.1016/S0921-8009(02)00272-0.

Emerson J, Esty DC, LevyMA, Kim CH, de Sherbinin A, Srebotnjak T, Mara V, Jaiteh
M. 2010. 2010 environmental performance index. 87–87.

Esty DC, LevyMA, Srebotnjak T, de Sherbinin A, Kim CH, Anderson A. 2006. Pilot
2006 Environmental Performance Index. New Haven: Yale Center for Environmental
Law & Policy.

European Environment Agency. 2023. Germany country briefing - The European
environment—state and outlook 2015. Available at https://www.eea.europa.eu/soer/
2015/countries/germany .

FAO. 2021. AQUASTAT - FAO’s Global Information System on Water and Agriculture -
Water Use. FAO. Available at https://www.fao.org/aquastat/en/overview/methodology/
water-use (accessed on 04 November 2021).

Field A. 2018.Discovering statistics using IBM SPSS statistics. Thousand Oaks: Sage
Publications Ltd.

Floridi M, Pagni S, Falorni S, Luzzati T. 2011. An exercise in composite indicators
construction: assessing the sustainability of Italian regions. Ecological Economics
70(8):1440–1447 DOI 10.1016/j.ecolecon.2011.03.003.

Gan X, Fernandez IC, Guo J, WilsonM, Zhao Y, Zhou B,Wu J. 2017.When to use what:
methods for weighting and aggregating sustainability indicators. Ecological Indicators
81:491–502 DOI 10.1016/j.ecolind.2017.05.068.

García-Sánchez IM, Almeida TADN, Camara RPDB. 2015. A proposal for a Composite
Index of Environmental Performance (CIEP) for countries. Ecological Indicators
48:171–188 DOI 10.1016/j.ecolind.2014.08.004.

Garcia-Zorita C, Rousseau R, Marugan-Lazaro S, Sanz-Casado E. 2018. Ranking
dynamics and volatility. Journal of Informetrics 12(3):567–578
DOI 10.1016/j.joi.2018.04.005.

GlobalFootprint Network. 2022. Open Data Platform. Available at https://data.
footprintnetwork.org/index.html#/.

Goodland R. 1995. The concept of environmental sustainability. Annual Review of
Ecology and Systematics 261(1):1–24.

Greco S, Ishizaka A, TasiouM, Torrisi G. 2019. On the methodological framework of
composite indices: a review of the issues of weighting, aggregation, and robustness.
Social Indiators Research 141:61–94 DOI 10.1007/s11205-017-1832-9.

Haberland T. 2008. Analysis of the yale environmental performance index (EPI). F.
E. A. (Umweltbundesamt). Available at https://www.ecologic.eu/sites/default/files/
publication/2015/kraemer_08_analysis_of_the_epi.pdf.

Hák T, Janoušková S, Moldan B. 2016. Sustainable development goals: a need for rele-
vant indicators. Ecological Indicators 60:565–573 DOI 10.1016/j.ecolind.2015.08.003.

Halkos G, Zisiadou A. 2018. Relating environmental performance with socioeconomic
and cultural factors. Environmental Economics and Policy Studies 20(1):69–88
DOI 10.1007/s10018-017-0182-9.

Stevens et al. (2023), PeerJ, DOI 10.7717/peerj.16325 22/26

https://peerj.com
http://dx.doi.org/10.1016/S0921-8009(02)00272-0
https://www.eea.europa.eu/soer/2015/countries/germany
https://www.eea.europa.eu/soer/2015/countries/germany
https://www.fao.org/aquastat/en/overview/methodology/water-use
https://www.fao.org/aquastat/en/overview/methodology/water-use
http://dx.doi.org/10.1016/j.ecolecon.2011.03.003
http://dx.doi.org/10.1016/j.ecolind.2017.05.068
http://dx.doi.org/10.1016/j.ecolind.2014.08.004
http://dx.doi.org/10.1016/j.joi.2018.04.005
https://data.footprintnetwork.org/index.html#/
https://data.footprintnetwork.org/index.html#/
http://dx.doi.org/10.1007/s11205-017-1832-9
https://www.ecologic.eu/sites/default/files/publication/2015/kraemer_08_analysis_of_the_epi.pdf
https://www.ecologic.eu/sites/default/files/publication/2015/kraemer_08_analysis_of_the_epi.pdf
http://dx.doi.org/10.1016/j.ecolind.2015.08.003
http://dx.doi.org/10.1007/s10018-017-0182-9
http://dx.doi.org/10.7717/peerj.16325


HelmD. 2015.Natural capital: valuing the planet. New Haven: Yale University Press.
Hermele K. 2009. The use and misuse of reductionist measures of the nature-economy

interface. In: 5th Biannual Conference of the United States Society for Ecological
Economics (USSEE), Washington, D.C.

Holdren JP, Daily GC, Ehrlich PR. 1995. The meaning of sustainability: Biogeophysical
aspects. In: Munasinghe M, Shearer W, eds. Defining and measuring sustainability.
Washington, D.C.: World Bank, 3–14. Available at https://documents1.worldbank.org/
curated/en/328001468764998700/pdf/multi0page.pdf .

Holtz-Eakin D, Seldon T. 1995. Stoking the fires - CO2 emissions and economic growth.
Journal of Public Economics 57(1):85–101 DOI 10.1016/0047-2727(94)01449-X.

Howard-Williams C, Davies-Colley R, Rutherford K,Wilcock R. 2010. Diffuse pollu-
tion and freshwater degradation: New Zealand perspectives. Issues and Solutions to
Diffuse Pollution. In: 14th International Conference, IWA Diffuse Pollution Specialist
Group. Held in Quebec, Canada. 126–140. Available at https://www.landcareresearch.
co.nz/uploads/public/researchpubs/Howard_williams_2013_Diffuse_pollution_and_
freshwater_degradation.pdf.

Hsu A. 2013. 100% pure? Assessing the state of environment in New Zealand. In: Data
Driven Envirolab. Available at https://datadrivenlab.org/environmental-performance-
index-epi/100-pure-assessing-the-state-of-environment-in-new-zealand/.

Ihobe. 2013. Environmental Performance Index (EPI) 2013 –Basque Country. Ihobe–
Public Environmental Management Company. Available at https://www.ihobe.eus/
Publicaciones/Ficha.aspx?IdMenu=97801056-cd1f-4503-bafa-f54fa80d9a44&Cod=
e439b46b-c991-4200-a8e9-e5277fcc01d7&Idioma=en-GB.

Joy M. 2015. Polluted inheritance: New Zealand’s freshwater crisis. Wellington: Bridget
Williams Books Limited.

Kaly U, Briguglio L, McLeod H, Schmall S, Pratt C, Pal R. 1999. Environmental Vulner-
ability Index (EVI) to summarise national environmental vulnerability profiles. S. P.
A. G. Commission. Available at https://www.researchgate.net/publication/267821112_
Environmental_Vulnerability_Index_EVI_to_summarise_national_environmental_
vulnerability_profiles.

Kaly U, Pratt C, Mitchell J. 2004. The Demonstration Environmental Vulnerability
Index (EVI) 2004. Available at https://gsd.spc.int/sopac/evi/Files/EVI%202004%
20Technical%20Report.pdf.

Kwatra S, Kumar A, Sharma P. 2020. A critical review of studies related to construc-
tion and computation of sustainable development indices. Ecological Indicators
112:106061 DOI 10.1016/j.ecolind.2019.106061.

Lai S, Chen D. 2020. A research on the relationship between environmental sus-
tainability management and human development. Sustainability 12(21):9001
DOI 10.3390/su12219001.

Larsen KR, Mamosso CA. 2013. Environmental governance and uranium mining in
Niger - a blind spot for development cooperation? Danish Institute for International
Studies. DISS Working Paper 2013:02. Available at https://www.files.ethz.ch/isn/
162387/WP2013-02-Uranium-mining-in%20Niger_web.pdf .

Stevens et al. (2023), PeerJ, DOI 10.7717/peerj.16325 23/26

https://peerj.com
https://documents1.worldbank.org/curated/en/328001468764998700/pdf/multi0page.pdf
https://documents1.worldbank.org/curated/en/328001468764998700/pdf/multi0page.pdf
http://dx.doi.org/10.1016/0047-2727(94)01449-X
https://www.landcareresearch.co.nz/uploads/public/researchpubs/Howard_williams_2013_Diffuse_pollution_and_freshwater_degradation.pdf
https://www.landcareresearch.co.nz/uploads/public/researchpubs/Howard_williams_2013_Diffuse_pollution_and_freshwater_degradation.pdf
https://www.landcareresearch.co.nz/uploads/public/researchpubs/Howard_williams_2013_Diffuse_pollution_and_freshwater_degradation.pdf
https://datadrivenlab.org/environmental-performance-index-epi/100-pure-assessing-the-state-of-environment-in-new-zealand/
https://datadrivenlab.org/environmental-performance-index-epi/100-pure-assessing-the-state-of-environment-in-new-zealand/
https://www.ihobe.eus/Publicaciones/Ficha.aspx?IdMenu=97801056-cd1f-4503-bafa-f54fa80d9a44&Cod=e439b46b-c991-4200-a8e9-e5277fcc01d7&Idioma=en-GB
https://www.ihobe.eus/Publicaciones/Ficha.aspx?IdMenu=97801056-cd1f-4503-bafa-f54fa80d9a44&Cod=e439b46b-c991-4200-a8e9-e5277fcc01d7&Idioma=en-GB
https://www.ihobe.eus/Publicaciones/Ficha.aspx?IdMenu=97801056-cd1f-4503-bafa-f54fa80d9a44&Cod=e439b46b-c991-4200-a8e9-e5277fcc01d7&Idioma=en-GB
https://www.researchgate.net/publication/267821112_Environmental_Vulnerability_Index_EVI_to_summarise_national_environmental_vulnerability_profiles
https://www.researchgate.net/publication/267821112_Environmental_Vulnerability_Index_EVI_to_summarise_national_environmental_vulnerability_profiles
https://www.researchgate.net/publication/267821112_Environmental_Vulnerability_Index_EVI_to_summarise_national_environmental_vulnerability_profiles
https://gsd.spc.int/sopac/evi/Files/EVI%202004%20Technical%20Report.pdf
https://gsd.spc.int/sopac/evi/Files/EVI%202004%20Technical%20Report.pdf
http://dx.doi.org/10.1016/j.ecolind.2019.106061
http://dx.doi.org/10.3390/su12219001
https://www.files.ethz.ch/isn/162387/WP2013-02-Uranium-mining-in%20Niger_web.pdf
https://www.files.ethz.ch/isn/162387/WP2013-02-Uranium-mining-in%20Niger_web.pdf
http://dx.doi.org/10.7717/peerj.16325


Legatum Institute. 2017. Legatum Prosperity Index 2017. Available at https://
prosperitysite.s3-accelerate.amazonaws.com/3515/1187/1128/Legatum_Prosperity_
Index_2017.pdf.

Legatum Institute. 2020. The Legatum prosperity index: a tool for transformation 2020.
Available at https://docs.prosperity.com/2916/0568/0539/The_Legatum_Prosperity_
Index_2020.pdf.

Legatum Institute. 2021. The Legatum Prosperity Index 2021. Available at https://www.
prosperity.com/download_file/view_inline/4429 .

Mallett TJ. 1999. A critical appraisal of environmental indices. Available at https://
researcharchive.lincoln.ac.nz/handle/10182/2560?show=full .

Mills JH,Waite TA. 2009. Economic prosperity, biodiversity conservation, and
the environmental Kuznets curve. Ecological Economics 68(7):2087–2095
DOI 10.1016/j.ecolecon.2009.01.017.

Moldan B, Janoušková S, Hák T. 2012.How to understand and measure envi-
ronmental sustainability: indicators and targets. Ecological Indicators 17:4–13
DOI 10.1016/j.ecolind.2011.04.033.

Morse S, Fraser EDG. 2005.Making ’dirty’ nations look clean? The nation state and the
problem of selecting and weighting indices as tools for measuring progress towards
sustainability. Geoforum 36(5):625–640 DOI 10.1016/j.geoforum.2004.10.005.

Mukherjee S, Kathuria V. 2006. Is economic growth sustainable? Environmental
Quality of Indian States after 1991. International Journal of Sustainable Development
9(1):38–60 DOI 10.1504/IJSD.2006.010937.

NardoM, SaisanaM, Saltelli A, Tarantola S, Hoffman A, Giovannini E. 2005.Handbook
on constructing composite indicators: methodology and user guide. OECD. Avail-
able at https://www.oecd.org/els/soc/handbookonconstructingcompositeindicators
methodologyanduserguide.htm.

New Zealand Parliament. 2011. 5. Dairy farming—effect of intensification on water
quality. Available at https://www.parliament.nz/en/document/49HansQ_20110511_
00000005.

New ZealandMinistry for Environment. 2022. Environment Aotearoa 2022. Available at
https://environment.govt.nz/publications/environment-aotearoa-2022/.

OECD. 2017. Environmental performance review: New Zealand. Available at https:
//www.oecd.org/env/country-reviews/Highlights_OECD_EPR_NewZealand.pdf.

OECD. 2023. OECD environmental performance reviews: Germany 2023. Available at
https://www.oecd-ilibrary.org/docserver/f26da7da-en.pdf?expires=1689388025&id=
id&accname=oid006392&checksum=0BCAB5F27E4A478C2673EE48B5FC0092.

OECD. 2008. Glossary of Statistical Terms: Natural Capital. Paris: OECD.
Oţoiu A, Grădinaru G. 2018. Proposing a composite environmental index to account

for the actual state and changes in environmental dimensions, as a critique to EPI.
Ecological Indicators 93(May):1209–1221 DOI 10.1016/j.ecolind.2018.06.009.

Paulvannan Kanmani A, Obringer R, Rachunok B, Nateghi R. 2020. Assessing global
environmental sustainability via an unsupervised clustering framework. Sustainabil-
ity 12(2):563 DOI 10.3390/su12020563.

Stevens et al. (2023), PeerJ, DOI 10.7717/peerj.16325 24/26

https://peerj.com
https://prosperitysite.s3-accelerate.amazonaws.com/3515/1187/1128/Legatum_Prosperity_Index_2017.pdf
https://prosperitysite.s3-accelerate.amazonaws.com/3515/1187/1128/Legatum_Prosperity_Index_2017.pdf
https://prosperitysite.s3-accelerate.amazonaws.com/3515/1187/1128/Legatum_Prosperity_Index_2017.pdf
https://docs.prosperity.com/2916/0568/0539/The_Legatum_Prosperity_Index_2020.pdf
https://docs.prosperity.com/2916/0568/0539/The_Legatum_Prosperity_Index_2020.pdf
https://www.prosperity.com/download_file/view_inline/4429
https://www.prosperity.com/download_file/view_inline/4429
https://researcharchive.lincoln.ac.nz/handle/10182/2560?show=full
https://researcharchive.lincoln.ac.nz/handle/10182/2560?show=full
http://dx.doi.org/10.1016/j.ecolecon.2009.01.017
http://dx.doi.org/10.1016/j.ecolind.2011.04.033
http://dx.doi.org/10.1016/j.geoforum.2004.10.005
http://dx.doi.org/10.1504/IJSD.2006.010937
https://www.oecd.org/els/soc/handbookonconstructingcompositeindicatorsmethodologyanduserguide.htm
https://www.oecd.org/els/soc/handbookonconstructingcompositeindicatorsmethodologyanduserguide.htm
https://www.parliament.nz/en/document/49HansQ_20110511_00000005
https://www.parliament.nz/en/document/49HansQ_20110511_00000005
https://environment.govt.nz/publications/environment-aotearoa-2022/
https://www.oecd.org/env/country-reviews/Highlights_OECD_EPR_NewZealand.pdf
https://www.oecd.org/env/country-reviews/Highlights_OECD_EPR_NewZealand.pdf
https://www.oecd-ilibrary.org/docserver/f26da7da-en.pdf?expires=1689388025&id=id&accname=oid006392&checksum=0BCAB5F27E4A478C2673EE48B5FC0092
https://www.oecd-ilibrary.org/docserver/f26da7da-en.pdf?expires=1689388025&id=id&accname=oid006392&checksum=0BCAB5F27E4A478C2673EE48B5FC0092
http://dx.doi.org/10.1016/j.ecolind.2018.06.009
http://dx.doi.org/10.3390/su12020563
http://dx.doi.org/10.7717/peerj.16325


Pinar M. 2022. Sensitivity of environmental performance index based on stochastic
dominance. Journal of Environmental Management 310:114767
DOI 10.1016/j.jenvman.2022.114767.

Press Information Bureau Government of India. 2022.Ministry of environment, forest
and climate change rebuts the environmental performance index 2022 released
recently. Available at https://pib.gov.in/PressReleasePage.aspx?PRID=1832058.

Prescott-Allen R. 2001. The Wellbeing of Nations. Washington, D.C.: Island Press
DOI 10.1002/9781118917046.

ReesW. 1992. Ecological footprints and appropriated carrying capacity: what
urban economics leaves out. Environment and Urbanization 4(2):121–130
DOI 10.1177/095624789200400212.

Roberts J. 2011. Environmental policy. Routledge: Taylor & Francis.
Rossabi M. 2021. Asia’s environments: national, regional, and global perspectives Mon-

golia’s environmental crises: an introduction. Available at https://www.asianstudies.
org/publications/eaa/archives/mongolias-environmental-crises-an-introduction/.

Rowarth J. 2020. Dr Jacqueline Rowarth: stop nudging the primary sector. New Zealand
Herald. Available at https://www.nzherald.co.nz/the-country/news/dr-jacqueline-
rowarth-stop-nudging-the-primary-sector/BNNXMZRAO3AUDDRQRLMFDP6FLQ/.

Rowarth J. 2021. Farms can reduce animal numbers, but how much would you like to
pay for food? Stuff. Available at https://www.stuff.co.nz/business/farming/opinion/
300483651/farms-can-reduce-animal-numbers-but-how-much-would-you-like-to-
pay-for-food .

SaisanaM, d’Hombres B, Saltelli A. 2011. Rickety numbers: volatility of uni-
versity rankings and policy implications. Research Policy 40(1):165–177
DOI 10.1016/j.respol.2010.09.003.

Siche JR, Agostinho F, Ortega E, Romeiro A. 2008. Sustainability of nations by indices:
comparative study between environmental sustainability index, ecological foot-
print and the emergy performance indices. Ecological Economics 66(4):628–637
DOI 10.1016/j.ecolecon.2007.10.023.

Stern DI. 2017. The environmental Kuznets curve after 25 years. Journal of Bioeconomics
19(1):7–28 DOI 10.1007/s10818-017-9243-1.

Stern D, CommonM, Barbier E. 1996. Economic growth and envirionmental degrada-
tion.World Development 24(7):1151–1160 DOI 10.1016/0305-750X(96)00032-0.

Strange T, Bayley A. 2008. Sustainable development: linking economy, society, environment,
OECD insights. Paris: OECD Publishing DOI 10.1787/9789264055742.

Sutton P. 2004. A perspective on environmental sustainability? A paper for the Victorian
Commissioner for environmental sustainability. Available at http://www.green-
innovations.asn.au/A-Perspective-on-Environmental-Sustainability.pdf.
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