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About this thesis

This dissertation consists of a binding commentary chapter and seven individual research
papers, which together form a cohesive and original contribution to the field of sustainability
studies. The overarching aim of the dissertation is to develop and apply innovative
measurement frameworks that enhance our understanding of global sustainability patterns,
focusing in particular on how societies can advance broad human well-being in an

environmentally efficient and socially supported manner.

The thesis is organized around three interrelated research themes: (i) composite measurement
of well-being, (ii) environmental efficiency of well-being, and (iii) climate change perception.
These themes are not only analytically distinct but also methodologically connected through
a common emphasis on robust cross-country indicators and composite index design. Each
research article contributes to at least one of these thematic pillars, while the binding chapter

integrates their findings into a comprehensive analytical narrative.

The first theme focuses on refining how societal well-being is measured beyond income
metrics, drawing from and extending the Social Progress Index (SPI) framework. Three
papers address this area: a longitudinal reconstruction of the SPI from 1990-2020, a study
on inequality through non-economic dimensions, and a methodological paper exploring the
evolving importance of social and governance indicators. The second theme centers on
assessing countries’ ability to translate environmental inputs into social outcomes, using two
newly developed indicators—the Just Transition Score (JTS) and the Carbon Efficiency of
Social Progress (CESP). These two papers advance the conceptual and empirical
understanding of sustainability performance and transition dynamics. Finally, the third
theme investigates how climate change is perceived by the public worldwide. Two papers in
this strand offer a novel Climate Perception Index (CPI) and analyze the socio-economic
predictors of climate worry and action, emphasizing the importance of aligning public

engagement with climate policy.

Together, the three research themes contribute to a more comprehensive understanding of
sustainability—one that integrates what we strive for (broad human well-being), how we
achieve it (with maximal environmental efficiency), and why it ultimately succeeds or fails
(public perception and support for change). The next binding chapter synthesizes these
contributions, clarifies the conceptual interlinkages across themes, and positions the work
within broader academic and policy debates on sustainability measurement, environmental

justice, and public engagement.

Keywords: Sustainability, Social Progress, Environmental Efficiency, Wellbeing, Composite

Indices, Climate Change Perceptions
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Analysis of Sustainable Development Patterns Across
Countries

Abstract

This chapter synthesizes key methodological and empirical contributions of the thesis, focusing
on the environmental efficiency of social progress, composite wellbeing measurement, and climate
change perception. It highlights the interconnections between these dimensions, emphasizing
the importance of an integrated approach to sustainability assessment. The research advances
composite indicator methodologies by exploring time-varying weighting, non-compensatory
aggregation, and environmental efficiency metrics. It also develops a novel multidimensional
framework for analyzing climate change perception across countries, linking public attitudes
to policy effectiveness. This chapter reaffirms the thesis’ contribution to sustainability science
by refining measurement tools and providing empirical insights into sustainability trajectories.
Future research should explore methodological advancements in composite indices, particularly
in integrating uncertainty, distributional considerations, and adaptive weighting mechanisms.
This work underscores the necessity of robust, multidimensional approaches to sustainability
measurement, ensuring that policy interventions effectively balance social progress, environmental
constraints, and public engagement.

1 Introduction

Sustainable development is a multidimensional challenge that requires an integrated understanding
of social progress and environmental constraints. At its core, it necessitates an analytical balance
between two fundamental imperatives: fulfilling an array of social and economic goals to meet human
needs while simultaneously safeguarding environmental integrity to ensure that these achievements
remain viable for future generations. Without a holistic approach, efforts to improve wellbeing may
lead to unsustainable patterns of resource consumption, undermining long-term sustainability and
intergenerational equity. Consequently, sustainability research must incorporate frameworks that
assess how societies can achieve social progress while maintaining livable conditions.

This binding chapter brings together the various research components of the thesis, demonstrating
their interconnectedness and collective contribution to sustainability discourse. It synthesizes key
findings from the thesis, focusing on environmental efficiency of social progress, composite wellbeing
measurement, and climate change perception. Through a structured review, this chapter enhances
clarity, positions the research within broader academic and policy discussions, and highlights its
significance in addressing global sustainability challenges. By integrating these perspectives, it
provides a comprehensive framework that links different strands of sustainability research, offering
insights that extend beyond isolated disciplinary approaches.

The overarching goal of the thesis, which consists of this binding chapter and seven research papers,
is to develop robust methods for assessing sustainability while maintaining a balance between
environmental and social dimensions of sustainable development . To achieve this, novel composite
indicators are introduced, enabling cross-country comparisons over time. The research is structured



around three core themes: (i) addressing methodological and conceptual challenges in wellbeing
measurement, (ii) measuring environmental efficiency of social progress using composite indicators,
and (iii) examining public perceptions of climate change. Although distinct, these themes share
a common focus on sustainability assessment and policy relevance. This chapter explores their
interconnections, reinforcing the argument that sustainability must be evaluated holistically to
capture its multifaceted nature.

2 Overview of the Dissertation Research Themes and Outcomes

The first theme addresses the complexities involved in constructing and refining composite indi-
cators for wellbeing measurement. Conventional economic indicators often fail to account for the
multidimensional nature of wellbeing, necessitating a broader approach that integrates social and
environmental dimensions. This thesis contributes to this area by enhancing composite measurement
frameworks, particularly through the use of the Social Progress Index (SPI), which provides a more
comprehensive perspective on societal development beyond income-based metrics. In addition, it
explores advanced methodological approaches such as time-varying weighting schemes and non-
compensatory aggregation techniques. These refinements help ensure that composite indicators
remain adaptable to changing development priorities, improving their relevance and reliability for
policymakers seeking to craft informed sustainability strategies.

The second core theme examines the relationship between social progress and environmental
impacts, emphasizing the challenge of balancing development with ecological integrity. Achieving
environmental efficiency in social progress requires evaluating how effectively countries utilize natural
resources to enhance societal well-being while minimizing environmental impacts. This is particularly
significant in discussions of just transition, where equitable and lasting progress must align with
sustainable environmental practices. The Just Transition Score (JTS) and the Carbon Efficiency
of Social Progress (CESP) developed in this thesis offer a systematic way to assess sustainability
performance by measuring the extent to which nations achieve social advancement with minimal
environmental impacts. By identifying disparities across countries, these metrics provide critical
insights into policy interventions that can facilitate more sustainable development pathways.

The third core theme delves into the role of public perceptions in shaping climate change responses
and sustainability efforts. While scientific research and economic policies provide the backbone of
climate action, their success ultimately depends on public awareness and engagement. People’s views
on climate risks, mitigation policies, and environmental responsibility influence both individual
behavior and collective action. Without public support, even the most well-designed policies can
face resistance, limiting their effectiveness and long-term impact. This thesis takes therefore a
multidimensional approach to examining climate change perception, analyzing how awareness and
action vary across different socio-economic and cultural settings. By identifying key factors that shape
public understanding and responses, the research sheds light on the social complexities influencing
climate change perception. Integrating perception data with environmental and social indicators
allows for a more comprehensive view of how societies interpret and engage with climate challenges.
This perspective helps policymakers design communication strategies and policy interventions that
resonate with public concerns, ultimately encouraging greater societal involvement in sustainability
efforts.

Under the broader dissertation topic, these three research themes have been tackled in seven papers
which have been (at least) submitted to respected academic journals. These more specific research



pieces, that together with this binding chapter form an integral part of the dissertation thesis, are

listed in Table 1.

Societal Wellbeing Over
31 Years

Research Theme Title Authors Status of the Paper
Social Progress Index | Petra Krylova, Jaromir | Accepted and undergoing

Composite ~ Wellbeing 1990-2020: Measuring | Harmacek & Mohamed | editorial production as of

Measurement Htitich March 27%%, 2025, in Inter-

national Journal of Social
Research Methodology (IF

3.0, Q1)

Inequalities Beyond In-
come. A Worldwide
Longitudinal Perspective
Through the Lens of the
Social Progress Index

Petra Krylova, Jests
Peir6-Palomino, Mo-
hamed Htitich & Jaromir
Harmécek

Accepted book chapter in
The Elgar Companion to
Data and Indicators for
the Sustainable Develop-
ment Goals as of March
13", 2025

sustainability of social
progress

méacek

The Evolving “Impor- | Mohamed Htitich, | Under review in Global
tance” of Social and | Jaromir Harméidek & | Policy as of March 28",
Governance Measures | Petra Krylova 2025 (IF 2.3, Q1)
Over Time
Environmental Efficiency | Just Transition Score: | Mohamed Htitich, Petra | Published in Environmen-
of Wellbeing Measuring the relative | Krylova & Jaromir Har- | tal and Sustainability In-

dicators as of July 23rd,
2024 (IF 5.4, Q1)

Achieving Just Transition
Through Convergence in
the Carbon Efficiency of
Social Progress

Mohamed Htitich,
Jaromir Harmécek &
Petra Krylova

Under review in Geogra-
phy and Sustainability as
of March 28" 2025 (IF
8.0, Q1)

Climate Change Percep-
tion

Multidimensional Cross-
Country Measurement of
Climate Change Percep-
tions

Mohamed Htitich,
Jaromir Harmacek,
John Lisney & Petra
Krylova

Published in Measure-
ment:  Interdisciplinary
Research and Perspectives
as of May 21st, 2024 (IF

1.0, Q3)

Dissimilarities in the
Socio-economic Predictors
of Climate Change Worry
and Action Across 30
Countries

Mohamed  Htitich &
Jaromir Harmacek

Under review in Journal
of Computational Social
Science as of March 28",
2025 (IF 8.0, Q2)

Table 1: Overview of research papers included in the thesis

Beyond methodological contributions, these papers, and therefore also the thesis, advance empir-
ical knowledge on sustainability performance across nations. By analyzing trends in wellbeing ,
environmental efficiency, and climate change perception, the research provides valuable insights
into sustainability trajectories. The findings illuminate disparities in performance, highlight key
drivers of convergence and divergence, and offer perspectives on policy interventions. This first
chapter distills these insights, demonstrating their significance for theoretical discourse and practical
application.

Moreover, the importance of an interdisciplinary approach to sustainability research is underscored
as well. The thesis employs diverse procedures, from environmental efficiency metrics to Bayesian
latent variable models for composite index construction, alongside comparative analyses of climate
change perception. This methodological breadth enhances the thesis’ contributions, enabling a



nuanced exploration of sustainability challenges. The following text weaves these approaches into a
coherent framework, illustrating their collective role in refining sustainability assessment.

Ultimately, this binding chapter serves to unify the thesis’s key insights, ensuring their clear and
coherent presentation. By linking different research strands into a structured discussion, it reinforces
the overarching argument and strengthens the thesis’ contribution to sustainability measurement
and policy discourse. The synthesis provided here aims to facilitate further research and inform
evidence-based policy decisions in the pursuit of a just transition and sustainable development.

2.1 Composite Measurement of Wellbeing

Economic growth alone does not guarantee improvements in societal wellbeing, particularly when
inequalities in social conditions persist. As a result, composite indicators have gained prominence as
more comprehensive tools for assessing development. These indices incorporate multiple dimensions
of human progress, capturing economic, social, and environmental aspects to provide a more holistic
picture of wellbeing. This thesis builds upon established frameworks, particularly the Social Progress
Index (SPI), to refine wellbeing measurement methodologies. The SPI represents a major step forward
in composite measurement by assessing non-economic aspects of development, such as access to
education, healthcare, and environmental quality. However, constructing composite indices presents
methodological challenges, particularly in selecting relevant indicators, determining appropriate
weighting schemes, and applying aggregation techniques that accurately reflect multidimensional
wellbeing.

One of the key contributions of the dissertation research is the exploration of innovative approaches
to weighting and aggregation. Conventional composite indices often apply static weighting methods,
but this thesis introduces time-varying weighting techniques that adjust to evolving development
priorities. Additionally, non-compensatory aggregation methods are examined to prevent dominant
indicators from overshadowing others, ensuring that all dimensions of wellbeing are adequately
represented. The empirical findings reveal that while significant progress has been made in global
wellbeing, substantial inequalities remain.

The first paper, Social Progress Index 1990-2020: 31 Years of Societal Wellbeing (see Table 1),
provides a longitudinal analysis of societal wellbeing using the Social Progress Index (SPI) across
1724 countries from 1990 to 2020. The study highlights global trends in social progress, showing
that while social outcomes have improved in most countries, the rate of progress has slowed in
recent years. Some countries, particularly those that started from lower levels of development, have
made significant gains, while others have stagnated or even reversed their earlier progress. The
research underscores the importance of measuring social outcomes independently from economic
indicators, as GDP-based assessments often overlook crucial aspects of human development. A key
methodological contribution of the paper is the adaptation of the SPI framework over three decades,
requiring adjustments in indicator selection and weighting methods to ensure comparability over
time. This approach provides valuable insights into regional disparities, sustainability challenges,
and policy effectiveness in improving social wellbeing.

The second paper, Inequalities Beyond Income: A Worldwide Longitudinal Perspective Through
the Lens of the Social Progress Index (see Table 1), expands on the SPI methodology by exploring
non-economic inequalities in societal wellbeing. It argues that cross-country disparities in education,
healthcare, and social rights persist even among high-income nations, challenging the notion that
economic growth alone leads to lower inequality. Using a panel dataset on social outcomes for 172



countries over 1990-2020, the analysis finds that while some dimensions of social progress, such
as access to basic education and healthcare, have improved globally, others, such as inclusiveness
and personal freedoms, have stagnated or declined. Globally, while disparities in key areas of well-
being—such as nutrition, access to electricity, and sanitation—have narrowed significantly, striking
differences persist in dimensions related to personal freedoms and equal opportunities. The study
provides empirical evidence that composite wellbeing indicators must incorporate distributional
aspects of social outcomes to reflect the true extent of inequalities beyond income-based measures.

The third paper, The Evolving Importance of Social and Governance Measures Over Time (see Table
1), examines how the weighting of social and governance indicators should react to the evolving
global conditions . It introduces time-varying weighting methodologies that allow for dynamic
adjustments in the relative importance of different indicators based on global trends and policy
shifts. The findings show that governance-related measures, particularly those linked to institutional
trust and democratic stability, have gained prominence in assessing social progress, reflecting their
increasing influence on long-term development outcomes. The study highlights the methodological
challenges of weighting schemes in composite indices, demonstrating how different approaches—such
as entropy-based methods and Bayesian techniques—can impact the interpretation of social progress
trends.

Together, these three studies provide a comprehensive empirical foundation for understanding the
methodological and conceptual challenges in composite wellbeing measurement. They reinforce the
argument that social progress cannot be adequately captured by static, income-based measures but
instead requires adaptive, multidimensional indicators that reflect evolving societal priorities. These
insights contribute to the Composite Measurement of Wellbeing section of the binding chapter by
demonstrating the need for robust measurement frameworks that ensure comparability over time
while remaining flexible enough to account for shifting development challenges.

2.2 Environmental Efficiency of Social Progress

Achieving sustainability requires an assessment of how well countries balance social progress with
environmental constraints. Environmental efficiency, in this context, refers to the ability of a
country to improve societal wellbeing while minimizing environmental impacts. Frameworks such
as the Just Transition Score and the Carbon efficiency of Social Progress (introduced in detail
later) play a critical role in assessing how well countries manage the dual challenge of advancing
social progress while minimizing environmental harm. These frameworks serve as essential tools for
policymakers, enabling them to move beyond GDP-based assessments and adopt a more nuanced
evaluation of sustainability. By integrating social and environmental indicators, these measures
allow for a comparative analysis of national performance over time, shedding light on disparities in
sustainability efforts and identifying effective policy approaches.

The application of such frameworks, designed and constructed as part of this thesis, extends beyond
basic assessment; they provide insights into how different governance structures, economic models,
and development strategies influence environmental efficiency. By analyzing patterns of resource use
and social advancement, these tools help identify best practices for sustainable progress. Additionally,
they highlight the trade-offs that nations must navigate when pursuing development while ensuring
environmental sustainability.

Environmental efficiency is increasingly relevant given the mounting global pressures on natural
resources and ecosystems. Rapid industrialization and economic expansion have undeniably im-



proved living standards, but they have also intensified environmental degradation. Countries that
achieve higher environmental efficiency manage to decouple social progress from ecological harm,
demonstrating the feasibility of sustainable development models. This thesis explores country-level
variations in environmental efficiency, identifying best practices and governance structures that
facilitate the integration of environmental and social objectives.

The first paper addressing this issue is titled Just Transition Score: Measuring the Relative Sus-
tainability of Social Progress (see Table 1), introduces the Just Transition Score (JTS) as a novel
metric for evaluating the environmental efficiency of social progress across countries. The JTS is
designed to assess how well nations achieve improvements in societal wellbeing while minimizing
environmental damage, using a ratio-based approach that accounts for both carbon footprint and
material footprint per unit of social progress. Covering 161 countries from 2011 to 2019, the study
finds significant disparities in sustainability performance. While countries like Portugal, Spain,
and Costa Rica exhibit high environmental efficiency and achieve social progress with relatively
low environmental costs, others, particularly oil-rich and high-emission nations, score poorly due
to excessive environmental degradation relative to their social advancements. The findings under-
score the trade-offs in balancing development and ecological sustainability, highlighting the need
for context-specific policy measures to ensure that environmental efficiency is improved without
compromising social progress.

The second paper, Achieving Just Transition Through Convergence in the Carbon Efficiency of
Social Progress (see Table 1), extends the discussion by examining whether countries are converging
in their ability to balance social progress with carbon efficiency. Using a panel dataset of 160
countries from 1990 to 2020, the study introduces the Carbon Efficiency of Social Progress (CESP),
a measure that captures how effectively nations achieve social progress with minimal per capita
carbon emissions. Employing time-varying factor models, the study reveals a mixed pattern of
convergence: low-emitting countries show signs of catching up in carbon efficiency, while middle-
emitting nations diverge, suggesting barriers to transitioning toward more sustainable development.
This divergence indicates that despite the growing focus on sustainability, many countries still
face structural challenges in decoupling social progress from environmental harm. The study
highlights the importance of differentiated sustainability strategies that take into account the specific
development pathways and emission profiles of different country groups.

Together, these studies contribute to the Environmental Efficiency of Social Progress framework by
offering a quantitative assessment of sustainability performance and tracking the evolving patterns of
convergence across countries. They reinforce the argument that achieving a just transition requires
not only improving environmental efficiency but also ensuring that the transition is equitable across
different economic and social contexts. By integrating these insights, the binding chapter situates
the discussion of environmental efficiency within a broader sustainability framework, emphasizing
the need for robust composite indicators to guide policy and assess progress toward sustainable
development goals.



2.3 Climate Change Perception

Public perception of climate change is a crucial yet often underestimated factor in shaping sustain-
ability efforts and policy effectiveness. While scientific research and economic incentives play major
roles in climate action, public engagement and awareness determine the extent to which policies are
accepted and implemented. Societal attitudes toward climate risks, environmental responsibilities,
and mitigation policies influence not only government strategies but also individual behaviors that
drive collective change.

This thesis examines climate change perception through a cross-country comparative analysis,
highlighting variations in awareness, concern, and willingness to act across different socio-economic
and cultural contexts. The findings suggest that although climate awareness is growing globally,
significant differences persist in how climate risks are perceived and prioritized. Education levels,
media influence, political ideologies, and institutional trust play substantial roles in shaping public
attitudes toward environmental policies. These variations directly impact the effectiveness of climate
governance, as policies that fail to align with public concerns may face resistance, weakening their
implementation and impact.

A key contribution of this research is the integration of perception metrics with environmental
and social indicators to provide a multidimensional understanding of climate engagement. By
analyzing the intersection of public attitudes and policy effectiveness, this study offers insights into
how governments can design more targeted and culturally attuned communication strategies. The
findings emphasize the importance of developing inclusive climate policies that address socio-economic
disparities in climate awareness and action. Strengthening public engagement in sustainability efforts
requires tailored interventions that bridge knowledge gaps and build trust in climate governance,
ensuring that climate policies resonate across diverse populations.

The first paper, Multidimensional Cross-Country Measurement of Climate Change Perceptions
(see Table 1), introduces the Climate Perceptions Index (CPI) as a composite measure of public
perceptions of climate change across 107 countries. The CPI is structured around three key
dimensions: awareness, risk perception, and commitment to action, providing a holistic framework
for assessing how climate change is understood and prioritized globally. Using survey data from
over 100,000 Facebook users, the study finds significant cross-country disparities in climate change
perceptions, with no clear correlation between economic development and high perception levels.
While European countries tend to have high awareness scores but low risk perception and commitment
to action, Latin American nations show stronger risk perception and action-oriented engagement
despite moderate awareness levels. A key finding is that higher awareness does not necessarily
translate into higher risk perception or commitment to action, suggesting that climate communication
strategies must go beyond knowledge dissemination to address factors that influence behavioral
engagement with climate issues.

The second paper, Dissimilarities in the Socio-Economic Predictors of Climate Change Worry
and Action Across 30 Countries (see Table 1), expands on this analysis by investigating the socio-
economic drivers of climate change concern and action using data from a cross-national Facebook
survey. Employing latent variable modeling and machine learning techniques, the study identifies
substantial variation in how climate concern and willingness to act are shaped across different
national contexts. In countries that are highly vulnerable to climate change , climate worry and
action are driven by a broader range of socio-economic factors, including education, exposure to
extreme weather, and political beliefs. In contrast, low-vulnerability countries exhibit more uniform



socio-economic influences, indicating that climate change concern in these nations is shaped by
more consistent, structural determinants rather than immediate environmental risks. The findings
highlight the importance of tailoring climate communication and policy strategies to reflect the
distinct socio-economic and cultural drivers of climate change engagement in different regions.

Together, these studies contribute to the Climate Change Perception framework by offering empirical
evidence that climate awareness, risk perception, and commitment to action do not follow a
straightforward, linear relationship. They reinforce the need to integrate climate perception metrics
into broader sustainability assessments, as variations in public engagement can significantly impact
the success of environmental policies. These insights support the binding chapter’s discussion on
climate change perception by demonstrating that policy effectiveness depends not just on scientific
evidence but also on how societies interpret and react to climate risks. By incorporating social and
psychological dimensions into climate action strategies, sustainability frameworks can be better
aligned with public attitudes, fostering stronger and more sustained environmental engagement.

Overall, this binding chapter brings together the various research components of the thesis, demon-
strating their interconnectedness and collective contribution to sustainability discourse. It synthesizes
key findings from the thesis, focusing on environmental efficiency of social progress, composite
wellbeing measurement, and climate change perception. Through a structured review, this commen-
tary enhances clarity, positions the research within broader academic and policy discussions, and
highlights its significance in addressing just transition challenges. By integrating these perspectives,
the commentary provides a comprehensive framework that links different strands of sustainability
research, offering insights that extend beyond isolated disciplinary approaches.

2.4 Significance of the Thesis

This thesis makes several significant contributions to the study of sustainability and wellbeing
measurement by integrating environmental, social, and governance dimensions into a unified
analytical framework. Through the development of novel composite indicators and empirical
analyses, the research advances understanding of how countries navigate trade-offs between social
progress and environmental efficiency, offering methodological and conceptual innovations that
enhance policy relevance.

One of the major contributions of this work is the introduction of the Just Transition Score (JTS)
and the Carbon Efficiency of Social Progress (CESP), which provide refined metrics for assessing
sustainability performance beyond GDP-based indicators. These indices capture the efficiency
with which nations achieve social progress while minimizing environmental impacts, addressing
a critical gap in sustainability assessment. By incorporating environmental efficiency measures
into development evaluations, this thesis offers a more balanced and policy-relevant framework for
understanding sustainable growth trajectories.

In the field of well-being measurement, a major advancement has been the long-term assessment of
social progress over the past three decades (1990-2020). This extended timeframe not only reveals
the trajectory of social improvements across multiple dimensions but also enables a detailed analysis
of convergence patterns among countries during this period. Furthermore, through the exploration
of time-varying weighting techniques and non-compensatory aggregation methods, the research
enhances the robustness and adaptability of composite indices. These methodological advancements
ensure that wellbeing measurement frameworks remain reflective of evolving societal priorities,
making them more applicable to long-term sustainability assessments.



Additionally, this thesis advances knowledge in climate change perception research by developing a
multidimensional framework that links public attitudes to environmental policies and governance
effectiveness. The empirical findings highlight the crucial role of socio-economic and cultural factors
in shaping climate perception, demonstrating that awareness alone does not guarantee climate action.
By integrating perception metrics with sustainability indicators, this research provides actionable
insights into how public engagement can be strengthened to support more effective climate policies.

Collectively, these contributions reinforce the thesis’ broader significance in advancing sustainabil-
ity and wellbeing measurement, and policy development. By bridging conceptual gaps between
environmental efficiency, wellbeing assessment, and climate perception, the research provides an
integrated framework for understanding sustainable development in a multidimensional context.
The findings have direct implications for policymakers, offering evidence-based insights into how
different countries can improve sustainability performance while ensuring equity and long-term
environmental resilience.

3 Concepts, Methods, and Insights in Cross-Country Sustainable
Development Analyses

The following section offers a comprehensive conceptual and methodological grounding for cross
country sustainable development analyses, which is reflected through the three core themes explored
across this dissertation: composite well-being measurement, environmental efficiency of well-being,
and climate change perception.

The historical and policy context surrounding the “Beyond GDP” movement and the evolution
of alternative indices (such as the HDI, SPI, and OECD frameworks) directly inform the first
set of articles, where new measures of social progress are developed, refined, and extended over
time. These papers contribute empirically to the global debate on how to measure human develop-
ment more holistically, and align with the policy applications discussed here—particularly those
concerning inequality, inclusion, and environmental sustainability as central to national planning.
Methodologically, the section discusses the implications of common design choices and highlights
potential innovations in the construction of composite well-being measures. Regarding environmental
efficiency, it reviews diverse empirical strategies, placing particular emphasis on the theoretical
underpinnings of the ratio-based approach employed in the development of the JTS and CESP.

Finally, the third theme—climate change perception—is situated within this broader framework
through the development of a novel Climate Perception Index (CPI), which applies composite
index theory to public attitudes, risk perception, and behavioral commitment. The conceptual
and technical foundations presented in this section therefore serve as both context and analytical
justification for the empirical contributions made across the dissertation’s core articles.

3.1 Composite Wellbeing Measurement: Historical and Empirical Context

For much of the 20th century, Gross Domestic Product (GDP) was the dominant yardstick of
development. Over time, however, scholars and policymakers recognized that GDP — a measure
of economic output — is an incomplete proxy for societal well-being. This led to a shift toward
composite indices that encompass health, education, and other quality-of-life factors beyond income.
Key milestones in this evolution include following;:



1990 — Human Development Index (HDI)

The United Nations Development Programme introduced the HDI to “emphasize that people and
their capabilities should be the ultimate criteria for assessing the development of a country, not
economic growth alone” (UNDP 1990). Devised by Mahbub ul Haq with Amartya Sen’s input,
the HDI combined indicators of longevity, education, and income into a single score, shifting focus
toward human well-being rather than just national income. Its creators explicitly wanted to “shift
the focus of development economics from national income accounting to people-centered policies”,
reflecting the belief that GDP fails to adequately measure improvements in people’s lives (Haq
1995).

2009 — Stiglitz-Sen-Fitoussi Commission

A major turning point was the report of the Commission on the Measurement of Economic
Performance and Social Progress, led by Joseph Stiglitz, Amartya Sen, and Jean-Paul Fitoussi
(Stiglitz et al. 2009). This high-profile commission, convened by France, concluded that GDP is an
insufficient metric of progress and recommended a broader dashboard of indicators covering quality
of life and sustainability. It called for measures of health, education, environmental sustainability,
and subjective well-being to complement GDP. The commission’s report (often referenced as
“Mismeasuring Our Lives”) became a cornerstone of the “beyond GDP” movement and spurred
governments and international organizations (like the OECD and EU) to invest in well-being metrics.

2011 — OECD Better Life Index

In response to the beyond-GDP agenda, the OECD launched the Better Life Index in 2011 as part of
its Better Life Initiative (Kerényi 2011). This interactive index allows comparison of countries across
11 dimensions of well-being — including housing, jobs, community, life satisfaction, and environment
— rather than a single income metric. It was unveiled on the OECD’s 50th anniversary with the
slogan “Better Policies for Better Lives,” signaling a shift in policy emphasis. The Better Life Index
and accompanying How’s Life? reports provided a framework for countries to monitor progress in a
people-centered, multi-dimensional way (OECD 2011).

2014 — Social Progress Index (SPI)

Around the same time, non-governmental efforts also emerged. The Social Progress Index, developed
by the Social Progress Imperative (with academics like professors Michael Porter and Scott Stern),
offered a holistic measure of societal well-being independent of GDP. First released in 2014, the SPI
compiles 50+ indicators across Basic Human Needs, Foundations of Wellbeing, and Opportunity to
score countries’ social and environmental performance (Porter 2015). Notably, the SPI excludes
GDP and other economic metrics altogether, focusing only on outcomes such in education, health,
personal safety, rights, and environmental quality. Its creators were explicitly influenced by Sen’s
capabilities approach and the Stiglitz Commission’s call to “measure what matters” for citizens’
lives (Porter 2015).

Several other alternative metrics have also been developed, including the Gross National Happiness
(GNH) index in Bhutan (Ura et al. 2012), the Happy Planet Index (HPI) (Abdallah et al. 2009) and
the Sustainable Development Index (Hickel 2020). Additional indices include the Multidimensional
Poverty Index (Alkire and Foster 2011), the Inclusive Wealth Index (Managi and Kumar 2018),
and the Genuine Progress Indicator (Kubiszewski et al. 2013). More recent efforts also include the
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Doughnut Economics framework (Raworth 2017). However, among these, the Human Development
Index (HDI) (UNDP 1990), the Social Progress Index (SPI) (Stern et al. 2022), and the OECD’s
well-being framework (OECD 2011) stand out in global use. Over the past few decades, this
evolution from GDP to broader indices represents an expanding consensus that development means
more than just economic growth—it encompasses human well-being and sustainable progress.

Research comparing GDP with multidimensional well-being measures reveals that economic growth
does not always translate into social progress, and vice versa. Generally, countries with higher GDP
per capita tend to score better on indices like HDI or SPI — there is a positive correlation — but
significant discrepancies are common (Porter 2015; Stern et al. 2022). These discrepancies underscore
why relying on GDP alone can mislead assessments of true progress. There are cases where a
nation’s economy expands strongly yet broader well-being stagnates. For example, the United States
has the highest GDP per capita among G20 countries, but its Social Progress Index outcomes rank
below many peers, indicating shortfalls in areas like health and safety despite its wealth. Similarly,
fast-growing emerging economies such as China and India have not yet achieved the level of social
development that their GDP growth could enable — improvements in education, healthcare, and
environmental quality have lagged behind economic gains (Social Progress Imperative, Stern et al.
2022).

Oil-rich countries in the Middle East present another pattern: high per-capita income but moderate
performance on human development indicators (due to gaps in education, gender equality, etc.).
These examples highlight that GDP is far from destiny for social outcomes; growth can be “unequal
or non-inclusive,” benefiting only a segment of society while broader indicators barely improve.
Empirical analyses have linked such imbalances to social instability — for instance, Russia and Egypt
saw robust GDP growth in certain years but lagging social progress, a divergence accompanied by
political unrest (Porter 2015). In short, more money does not automatically mean better lives for
all citizens.

Conversely, some countries achieve strong well-being outcomes despite relatively modest incomes.
Costa Rica is a frequently cited example — with barely one-third of Italy’s GDP per capita, Costa
Rica nonetheless outranks Italy on social indicators like health and education, achieving a higher
Social Progress Index score (Stern et al. 2022). This indicates Costa Rica has been highly efficient
at converting limited economic resources into longer lives, literacy, and environmental conservation.
Other cases include countries like New Zealand and Senegal, which outperform on translating income
into social progress compared to peers at similar or higher income levels. Even within the developed
world, some lower-GDP nations excel in well-being (for instance, the Nordic countries) while some
richer ones underperform on dimensions such as work-life balance or income inequality. Such outliers
demonstrate that policy choices and social investments — not just wealth — drive well-being. As
the Social Progress Index data shows, “wealth alone is not a determinant of social progress” and
substantial gains in health, education, or equity can be made at various income levels.

3.2 Policy Implications of Multidimensional Well-Being Measures

The rise of well-being indices has significant implications for governance and policy, as they provide
a more nuanced toolkit to guide public decision-making. By highlighting specific areas of progress
or shortfall, these metrics inform governments where to target interventions in order to raise overall
quality of life. In practice, multidimensional well-being measures have started to shape national
strategies, budgeting, and sustainability plans in several ways:
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Informing Integrated Social Policies

Multidimensional well-being indices encourage cross-sectoral policy responses. Since these measures
span areas like health, education, housing, safety, and income, they push governments to design
comprehensive strategies — for example, a low ranking in “education and skills” (as seen in the
OECD Better Life Index for some countries) might lead to simultaneous investments in school
infrastructure, teacher training, and affordable access, while also addressing related factors like
child nutrition or digital access. The HDI’s use has similarly led countries to ask “why are our
education outcomes lagging despite income gains?” and then adjust policies (UNDP 1990). In
this way, well-being metrics serve as a diagnostic tool: they pinpoint whether under-performance
in overall development is due to, say, poor healthcare, high inequality, or lack of basic services.
Governments can then tailor social policies to those specific deficits. For example, after observing
multidimensional poverty indices, some countries launched targeted programs for the worst-off
regions (focusing on multiple deprivations at once). In sum, these indices have elevated issues like
literacy, life expectancy, and social inclusion on policy agendas, ensuring that progress in these fields
is pursued alongside economic growth.

Addressing Inequality and Inclusion

Unlike GDP, which is an aggregate, many well-being frameworks explicitly track distributional
aspects (such as inequality, gender gaps, or regional disparities). This has policy implications for
promoting inclusive growth. For instance, the OECD’s well-being framework and the SPI both
include measures of inequality (e.g., income inequality or unequal access to education). When
countries benchmark themselves, they may find that high average income coexists with large
inequality — prompting initiatives to spread opportunities more evenly. The Stiglitz-Sen-Fitoussi
Commission had recommended incorporating the distribution of income and wealth into performance
metrics (Stiglitz et al. 2009), a principle that is now reflected in various national indicator sets. As a
result, governments are increasingly setting targets to reduce inequality and social gaps. A concrete
case is New Zealand’s wellbeing budget: one of its priorities was explicitly to reduce inequalities
faced by indigenous Maori and Pacific people (Mintrom 2019).

Similarly, the Sustainable Development Goals (SDGs) adopted by all UN member states in 2015
include a goal on reducing inequality (SDG 10) alongside goals for poverty, health, education,
etc. (United Nations 2015). By measuring and reporting on these dimensions, policymakers have
justification to implement redistributive policies, anti-poverty programs, or anti-discrimination
efforts as integral to development — rather than treating inequality as an afterthought. In essence,
multidimensional well-being measures have helped institutionalize the idea that “no one should be
left behind” in development progress, guiding policies toward marginalized groups and poorer areas.

Promoting Environmental Well-being and Sustainability

A critical policy implication of going beyond GDP is the integration of environmental outcomes
into the definition of progress. Traditional GDP growth often ignores natural resource depletion or
pollution, whereas new well-being indices incorporate environmental indicators (e.g., air quality,
access to clean water). Environmental wellbeing, and possibly also sustainability, has thus become a
core consideration. The OECD’s Better Life Index, for example, has an environment dimension, and
the SPI includes a component of environmental quality (among other indicators more or less related
to environmental outcomes). This encourages governments to pursue “green growth” — balancing
economic and environmental objectives. As a consequence, many countries now track their carbon
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footprint or pollution levels alongside GDP, and some have adopted adjustments like “Green GDP”
or separate sustainability indices.

The policy effect is that issues like climate change and resource management are on equal footing
with economic issues in national plans. Internationally, the emphasis on sustainability in well-being
metrics influenced agreements like the Paris Climate Accord and the SDGs (which devote multiple
goals to environmental sustainability such as SDG 13 Climate Action, and SDG 15 Life on Land,
United Nations 2015). National development strategies increasingly contain explicit environmental
targets (e.g., renewable energy share, forest cover) as a result of this paradigm shift. In practice, one
can see this in initiatives such as Bhutan’s Gross National Happiness, which weighs environmental
conservation heavily in policy, or in New Zealand’s priority of transitioning to a low-emission
economy as a well-being goal (Mintrom 2019).

By measuring well-being “beyond GDP,” which includes the state of the environment, policymakers
are incentivized to enact sustainable practices — for instance, investing in public transit to improve
both environmental quality and citizens’ well-being, or regulating industries to protect air and water
quality as part of social progress. Over time, this integration aims to ensure that today’s well-being
gains do not come at the cost of future generations’ welfare, addressing the long-term aspect of true
development.

Multidimensional well-being measures have moved from academic concepts to practical policy
tools. They reshape how governments define success: rather than focusing narrowly on increasing
national income, leaders are using these indices to pursue balanced progress in social, economic,
and environmental spheres. Agencies now routinely publish well-being dashboards, and countries
compare performance in health, education, inequalities, or sustainability — spurring a healthy
competition to improve human outcomes. The OECD notes that its well-being framework is
“informing people-centric and integrated policy making across |...] many dimensions that matter for
people and the planet” (OECD 2024). Likewise, the UN and development banks use these indicators
to guide their aid and investments (for example, allocating resources according to the rates of
multidimensional poverty). The policy implication is clear: what gets measured gets managed. By
measuring well-being more holistically, policymakers are better equipped to manage and improve it.
The end result is a more comprehensive approach to development — one that aims for economic
prosperity that is translated into healthier, better-educated, more equitable and sustainable societies.

However, in this context, it is crucial to stress the following issue. While it is possible to include
environmental wellbeing or outcome indicators into composite indices of wellbeing, integrating global
environmental impact indicators directly into such indices would significantly distort their meanings
and rankings. For instance, the SPI is designed to rank countries on social outcomes independent of
economic indicators — it uses 50+ social and environmental outcome metrics to create a score purely
reflecting societal well-being (Stern et al. 2022). If one were to add, for example, CO2 emissions
per capita as a negative indicator within the SPI framework, a country with high social progress
but high emissions (e.g., a wealthy country) would see its overall score pulled down, and a country
with modest social progress but low emissions might rise in rank. On the surface this may seem
desirable from a sustainability standpoint, but methodologically it mixes two different phenomena:
the first country’s score would now conflate how well its people are doing and how much carbon
the economy emits. The composite no longer strictly measures “social progress”; it becomes an
amalgam of progress and impact. This can lead to inconsistencies and confusion.
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For instance, year-to-year changes in the index could occur due to environmental data swings
(e.g., a recession lowers emissions and suddenly boosts the well-being score) even if there was no
real improvement in social conditions. Likewise, countries could game the ranking by outsourcing
carbon-intensive production abroad (reducing domestic footprint without improving domestic well-
being), thus scoring better on a “Social-Carbon” index despite no true social gain. These issues
illustrate how additive integration of environmental impacts into a well-being index violates the
conceptual framework and purpose of indices like SPI, which aim to strictly measure social outcomes
(Usubiaga-Liano and Ekins 2024). The European Commission’s Joint Research Centre, which
provides guidance on composite indicators, emphasizes that the selection of components must align
with a clear conceptual framework — adding incongruent indicators can reduce the validity of the
index (Nardo et al. 2008).

Attempts to promote sustainability by embedding global environmental impact indicators within a
well-being composite such as the SPI is theoretically and methodologically problematic. It blurs
the meaning of the index, violates the design principles of composites, and could mislead rankings.
The preferred approach — grounded in both theory and practice — is to measure well-being and
sustainability separately yet in parallel, and use approaches like efficiency ratios or complementary
indices to illustrate the interaction between the two. This way, we maintain a clear view of social
progress on its own terms, while also holding countries accountable for the global environmental
impacts associated with that progress. Such a framework provides a clearer representation of
sustainable development: it shows whether a country is advancing human well-being “within safe
environmental limits” (Rockstrom et al. 2009; Raworth 2012) and highlights the adjustments needed
to move toward truly sustainable social progress. These issues are addressed in more details in
section 3.3.

3.3 Methodological Choices and Innovations in Composite Well-Being Measure-
ment

Composite well-being indices aggregate diverse dimensions (health, education, income, environment,
etc.) into a single summary measure. This simplification aids communication, but it must balance
inclusivity (capturing broad societal aspects and stakeholder values), comprehensiveness (covering all
relevant dimensions of well-being), and interpretability (producing results that are understandable
and policy-relevant). In this section, the theoretical and practical implications of the common
methodological choices in the composite measurement of wellbeing are briefly discussed, and
methodological innovations that might address these challenges are then presented. Namely, time-
varying weighting schemes, Bayesian latent variable analysis, and non- or semi-compensatory
aggregation techniques.

3.3.1 Implications of Common Methodological Choices in Composite Measurement
of Wellbeing

Composite indices of well-being distill complex, multidimensional phenomena into a single summary
metric, making it easier to compare and communicate overall quality of life across populations.
However, the usefulness and credibility of a well-being index heavily depend on how it is constructed.
Key methodological steps — indicator selection, normalization, and aggregation (with weighting) —
involve subjective choices that can profoundly influence the index’s accuracy in representing “true”
well-being, its interpretability, and its relevance for policy. As experts note, “composite indicators
may send misleading, non-robust policy messages if they are poorly constructed or misinterpreted,”
because each design decision (what indicators to include, how to scale them, how to weight and
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combine them) “will affect the message brought by the composite index” (Nardo et al. 2005). In the
context of well-being measurement, carefully considering these steps — both in theory and practice —
is crucial to ensure the index is a valid and useful guide for decision-makers.

A major challenge in composite measurement is determining how to assign weights to different
indicators or dimensions, as these choices reflect implicit value judgments about the relative
importance of each aspect of well-being. A commonly used approach is equal weighting, where
all indicators or dimensions receive the same weight, as seen in the Human Development Index
(HDI) and the Social Progress Index (SPI). This method has the advantage of simplicity and
transparency, avoiding the perception of arbitrary prioritization. However, equal weighting assumes
all dimensions contribute equally to well-being, an assumption that may not hold in practice. If
one domain is represented by multiple indicators, it might receive disproportionate influence in
the final index. Additionally, equal weighting does not account for differences in variability or
redundancy among indicators—highly correlated variables may effectively be counted twice. Despite
these limitations, equal weighting remains widely used because it circumvents contentious debates
about how well-being components should be prioritized.

Other methods attempt to refine weighting through expert judgment or statistical analysis. Expert-
driven weighting relies on structured elicitation methods such as Delphi surveys or analytic hierarchy
processes, where specialists assign weights based on perceived importance. This approach enhances
policy relevance, ensuring that the index reflects societal priorities, such as emphasizing health
in contexts where it is deemed fundamental to well-being. However, expert weighting introduces
subjectivity and potential bias, as different groups may disagree on the relative importance of
indicators. Alternatively, statistical methods such as principal component analysis (PCA) or factor
analysis assign weights based on patterns in the data, reducing redundancy by capturing the most
explanatory variation. While this method enhances objectivity, it may produce unintuitive or
normatively problematic weight distributions, such as down-weighting critical well-being dimensions
if they show little statistical variation. These trade-offs illustrate the tension between conceptual
soundness, empirical validity, and practical interpretability in weighting choices.

Beyond weighting, aggregation choices also shape the final index values. A common approach is linear
aggregation, where scores are summed using assigned weights. This method is intuitive and easy to
communicate but allows for full compensability, meaning high scores in some dimensions can offset
deficits in others. In contrast, nonlinear aggregation methods, such as geometric means or minimum
function approaches, impose constraints on compensation, ensuring that extreme deficits in one
dimension have a stronger negative impact on the overall index score. The geometric mean, adopted
in the revised HDI methodology since 2010, penalizes imbalance across dimensions, reinforcing the
notion that well-being requires a minimum level of achievement across all domains. More restrictive
approaches, like Bhutan’s Gross National Happiness index, require individuals to meet specific
thresholds in multiple domains before being considered “happy,” reflecting a policy stance that
well-being is inherently multidimensional and non-compensatory. The choice of aggregation thus
fundamentally shapes the interpretation of an index, influencing its role as a tool for policy and
public communication.

3.3.2 Time-Varying Weighting Schemes

Composite indices traditionally use fixed weights for components, often chosen by expert judgment or
statistical methods. Fixed weights ensure comparability over time, but they may become misaligned
with evolving societal priorities. Time-varying weighting schemes allow the relative importance of
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dimensions to change over time, enhancing the index’ adaptability. This reflects the reality that
what society values (and thus what well-being means) can shift — for example, rising environmental
consciousness or mental health awareness would warrant higher weights on those dimensions in
recent years than in past decades. In essence, if the goal is tracking a consistent bundle of outcomes,
constant weights suffice, but if the goal is identifying best practices or emergent priorities at each
time, “weights should necessarily change over time” (OECD 2008).

By analogy, economists use a fixed-weight Laspeyres price index to study inflation over time, but
a Paasche index updates weights to current consumption patterns (Tarantola 2008). Likewise, a
well-being index with time-sensitive weights can remain inclusive of new concerns and comprehensive
in scope as societal values change. For instance, an index might gradually increase the weight
of environmental quality as climate change impacts intensify. This adaptability makes the index
more interpretable in a specific context — stakeholders can see that the index gives more emphasis
to dimensions that are pressing. However, changing weights do complicate direct comparisons of
index scores over long periods (Mazziotta and Pareto 2015). A careful balance is needed, such as
transparently reporting both a fixed-weight trend (for long-term progress) and a dynamic-weight
index (for current well-being), to maintain interpretability. Overall, time-varying weighting schemes
enhance the policy relevance and inclusivity of composite well-being measures by aligning them with
contemporary priorities and stakeholder preferences, while still retaining comparability through
appropriate methodological choices (OECD 2008; Tarantola 2008).

3.3.3 Bayesian Latent Variable Analysis

Another innovative approach is to view composite well-being as a latent variable — an unobserved
construct inferred from many observed indicators. Bayesian latent variable analysis uses statistical
modeling to estimate this latent well-being factor, treating the composite not as a simple weighted
sum but as a probabilistic model output. This approach offers several advantages in terms of
uncertainty incorporation and measurement robustness.

First, the Bayesian framework naturally produces credible intervals (or confidence ranges) for
each country or unit’s well-being score, explicitly acknowledging uncertainty in the measurement
(Hgyland et al. 2012). For example, if data for some dimensions are sparse or noisy, the model will
reflect that in wider intervals for the composite score, cautioning users against over-interpreting
small differences. This improves interpretability by not giving a false sense of precision in rankings.
Hgyland et al. (2012) demonstrate that applying a Bayesian latent model to well-being pillars can
quantify the uncertainty underlying country index rankings — often the differences between countries
are not statistically significant once uncertainty is accounted for, a fact obscured by traditional
methods that yield single point estimates.

Second, Bayesian latent analysis can handle missing data and measurement errors more robustly.
Instead of dropping indicators or imputing ad-hoc, the model estimates the latent well-being score
even for cases with partial data, using the relationships among all available indicators. In a long-term
well-being dataset with patchy historical data, Rijpma (2016) constructs a composite using a latent
variable model that deals well with missing data and measurement error issues, providing reasonable
estimates even for countries or periods with sparse information. The uncertainty from these estimates
is transparently carried into the composite’s confidence intervals. This means the index remains
inclusive and comprehensive — no country or important indicator is dropped due to missing values —
yet the interpretability is guarded by clearly indicating higher uncertainty where appropriate.
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Third, the Bayesian latent approach improves robustness by statistically learning the weights
(loadings) from the data structure rather than fixing them a priori. Essentially, indicators that
co-move strongly and consistently get higher implicit weight in explaining the latent well-being
factor, while those that diverge contribute less (Jackson 2009; Rijpma 2016). This data-driven
weighting can be more stable and objectively grounded, reducing subjective bias. It also often
yields an effective weighting scheme that varies by context (e.g., an era or region) within the model,
without the analyst having to manually adjust weights. The result is a composite index that is
comprehensive (uses all relevant indicators), yet parsimonious in capturing common information,
and explicitly accounts for uncertainty in both data and modeling. By embracing uncertainty and
complexity through Bayesian latent variable analysis, we get a more nuanced and robust picture of
well-being — one that policymakers can still interpret (through scores and their credible ranges) but
with greater caution and insight into the reliability of the measurements (Jackson 2009; Hoyland et
al. 2012).

3.3.4 Non- and Semi-Compensatory Aggregation Techniques

A critical issue in composite indices is the compensability of dimensions — can excellence in one
aspect of well-being offset a deficit in another? Traditional linear (additive) indices assume full
compensability, meaning a high score in one dimension could balance out a low score in another.
This can undermine interpretability and inclusivity: a country might rank high overall despite
catastrophic failure in one essential dimension (for example, very high income but very poor health
outcomes). Non-compensatory aggregation rules address this by ensuring that poor performance in
critical dimensions is not masked by strengths elsewhere. In other words, they impose the notion
that some trade-offs are not acceptable (Munda and Nardo 2009).

One simple semi-compensatory approach is the geometric mean (used in the revised Human
Development Index) which is less compensatory than the arithmetic mean — low values in one
indicator only partially substitute high values in others. The switch by UNDP to a geometric mean
for HDI in 2010 was explicitly to penalize unbalanced development — a country must show progress
in all key dimensions (health, education, income) to achieve a high HDI, since a low score in one
will drag down the geometric average (United Nations Development Programme (UNDP) 2010).
This is a semi-compensatory strategy: it still allows some trade-off but with diminishing returns to
extreme imbalance, thus improving interpretability (Klugman et al. 2011). Users of the index can
no longer ignore a glaring deficit; an overall score will drop sharply if any component is very low,
aligning with the intuitive notion that comprehensive well-being requires balanced achievements.

Fully non-compensatory techniques go further, disallowing any compensation between certain
dimensions. One method is the outranking approach from Multi-Criteria Decision Analysis (MCDA),
where alternatives (countries) are compared pairwise on each dimension and an overall ranking
emerges without collapsing everything into a single trade-off metric (Zhang and Zhou 2018). Zhang
and Zhou (2018) apply an outranking-based composite indicator for low-carbon development, arguing
that full substitutability of environmental indicators with economic ones is not desirable. In their
non-compensatory index, a city that performs terribly on carbon emissions cannot outrank another
city that is only mediocre on emissions simply by virtue of better performance in another area —
critical sustainability thresholds are respected (Zhang and Zhou 2018).

Another family of methods uses a “penalty for bottleneck”: for example, the Mean—Min function
takes an average but subtracts a penalty proportional to the distance of the worst-performing
dimension from the others (Casadio Tarabusi and Guarini 2013; Mazziotta and Pareto 2015). This

17



creates an intermediate case between full compensation and none — some compensation is allowed,
but a larger imbalance incurs a bigger penalty, so no dimension can be completely overshadowed
without consequence (Casadio Tarabusi and Guarini 2013). Such approaches uphold inclusivity
by treating each dimension as indispensable to some degree and enhance interpretability: a high
composite score genuinely signals all-around good performance, while an “imbalanced” profile is
clearly visible through a lower composite score or separate penalty term (Mazziotta and Pareto
2015).

From a comprehensiveness standpoint, non- and semi-compensatory aggregations acknowledge that
well-being is multi-faceted and that certain minimum achievements in each facet are necessary. They
align with the concept of “weak vs. strong sustainability” in environmental/ecological economics:
under strong sustainability, natural capital (environment) cannot be perfectly substituted by human
capital, analogous to how in a non-compensatory index a dimension like environmental quality
has a non-negotiable role (Neumayer 2012). By embedding this principle, composite measures
become more policy-actionable — a low score in a crucial sub-index pinpoints an area needing urgent
improvement, instead of being drowned out by other highs. In practice, adopting non-compensatory
aggregation can make an index more credible and salient to diverse stakeholders.

3.3.5 Applications in the Thesis

The three articles in this thesis reflect a deliberate engagement with both established and innovative
methodologies in composite well-being measurement, allowing for a broad and nuanced exploration
of global development patterns. The first two papers — the historical analysis of the Social Progress
Index (SPI) and the book chapter on SDG 10 — apply traditional composite index construction
techniques, including fixed weights and linear aggregation, aligned with the SPI framework. These
contributions prioritize interpretability and policy relevance. By extending the SPI back to 1990,
the historical paper enables long-term trend analysis, highlighting structural shifts in well-being and
revealing how countries have converged or diverged in different dimensions over time. Meanwhile,
the SDG 10 chapter emphasizes the institutional and political salience of multidimensional indicators
in addressing social inequalities, showing how composite indices like the SPI can inform inclusive
policy design.

Both of these articles embody the strengths of equal weighting and additive aggregation: they
offer transparency, comparability, and ease of communication, which are essential for influencing
public discourse and policy. While this approach does not penalize imbalances across dimensions,
it aligns with the SPI’s core principle of measuring well-being outcomes in a people-centered and
GDP-independent manner. In terms of the broader methodological debate, these articles are
especially relevant to discussions in section 3.2.1 of this chapter regarding the trade-offs between
simplicity and nuance. They demonstrate how well-constructed traditional indices can still provide
powerful insights, particularly when the research objective is historical mapping or agenda-setting
for inclusive development.

In contrast, the third paper in the thesis introduces several methodological innovations aligned
with the approaches discussed in sections 3.2.2 through 3.2.4. It employs a time-varying weighting
scheme derived from entropy-based methods to analyze the evolving importance of different well-
being dimensions across time and regions. This dynamic weighting captures how disparities and
convergence patterns shift over decades, offering a more responsive view of social progress than
fixed-weight indices. By using entropy to quantify variation and assign weights accordingly, the
paper embraces both conceptual inclusivity and empirical sensitivity — dimensions that fluctuate
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more across countries and years receive higher weights, reflecting their increasing salience in a
globalized and unequal world. This approach addresses critiques of static indices by allowing the
measurement framework to adapt as new social challenges (e.g., governance or digital access) rise in
importance.

3.4 Environmental Efficiency of Wellbeing: Conceptual Foundations

A key concept linking well-being and sustainability is environmental efficiency, sometimes termed
ecological efficiency. In sustainability science, environmental efficiency refers to the ability to
achieve human well-being with minimal environmental impact. Formally, it can be defined as the
ratio of useful output (human well-being) to environmental input (ecological footprint or resource
use) (Tamburino and Bravo 2024). This notion is analogous to efficiency in physics — maximizing
desirable outcomes (e.g., health, happiness, or social progress) per unit of energy, material, or
emissions expended. Dietz et al. (2009) introduced the related idea of the “environmental intensity
of well-being”, essentially the inverse of efficiency, measuring environmental impact per unit of
human well-being. Their research argued that sustainability should be rethought as improving
well-being relative to ecological costs, rather than pursuing well-being at any cost. In practical
terms, a society that achieves high life expectancy and life satisfaction with low carbon emissions,
low resource consumption, and low pollution exemplifies high environmental efficiency (Knight and
Rosa 2011).

Environmental (or ecological) efficiency has become a central indicator for sustainable development
since it captures the essence of decoupling economic or social progress from environmental degradation.
In empirical studies, researchers have quantified metrics like “CQOs9 emissions per unit of human
development” or “material footprint per capita of life expectancy” to compare how efficiently
different countries convert natural resource use into well-being (Knight and Rosa 2011; O’Neill et
al. 2018). For example, Hickel (2020) proposes a Sustainable Development Index that divides a
country’s human development (as measured by a modified HDI) by its ecological overshoot, thereby
measuring the ecological efficiency of human development. Such metrics reveal large disparities:
some high-income nations attain high well-being but at very high environmental cost (low efficiency),
whereas some countries achieve moderate well-being with relatively low impact (higher efficiency,
Hickel 2020).

Overall, the goal in sustainability is to improve environmental efficiency so that quality of life can
be maintained or raised while absolute impacts on climate, ecosystems, and resources decline. This
concept underpins the idea of green growth and circular economy strategies — improving technology
and practices so that each unit of well-being “output” requires ever fewer inputs of energy and
materials (Schandl et al. 2016). However, researchers also caution that efficiency alone may not be
sufficient; phenomena like the Jevons paradox show that efficiency gains can be offset by increased
consumption if not coupled with wise policy (Alcott 2005). Thus, environmental efficiency is a
crucial but not standalone component of sustainability — it must be complemented by absolute
limits (as highlighted by planetary boundaries) and equitable transition strategies to truly achieve
sustainable well-being.

3.4.1 The Just Transition: Equity in Sustainability Transitions

As societies strive to improve environmental efficiency and shift toward sustainable systems, the
concept of a Just Transition has emerged to ensure these changes are equitable and inclusive. A
“Just Transition” refers to a fair and inclusive process of moving toward a low-carbon, sustainable
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economy that protects livelihoods and enhances social justice (McCauley and Heffron 2018). In
other words, it emphasizes that the burdens and benefits of sustainability transitions (such as
phasing out coal, expanding renewable energy, improving resource efficiency) should be shared fairly,
without leaving workers, communities, or less-developed regions behind. The term originally gained
prominence in the labor and environmental justice movements and has since been integrated into
global climate policy discourses — notably, the United Nations Framework Convention on Climate
Change (UNFCCC) (2016) acknowledges “the imperatives of a just transition of the workforce and
the creation of decent work” in its preamble.

McCauley and Heffron (2018) define a just transition as a “fair and equitable process of moving
toward a post-carbon society”, stressing that this framework brings together climate, energy, and
environmental justice. It calls for addressing distributional justice (who bears costs and who
gains from the transition), procedural justice (inclusive decision-making processes), and recognition
justice (acknowledging and respecting the rights of all stakeholders, including vulnerable groups) in
sustainability policies (McCauley and Heffron 2018; Jenkins et al. 2020).

The significance of Just Transition in equitable sustainability transitions cannot be overstated.
Without deliberate attention to justice, policies like carbon pricing, coal plant closures, or land
conservation can impose disproportionate hardships on certain communities (e.g., fossil fuel industry
workers, low-income households, indigenous peoples). A just transition approach aims to mitigate
such outcomes through measures like re-skilling programs for workers, social safety nets, community
engagement, and investment in alternative livelihoods (ILO 2015). For example, the International
Labour Organization’s (ILO) guidelines on Just Transition outline strategies to secure workers’ rights
and incomes during green transitions, ensuring that climate action also enhances social well-being
(ILO 2015).

Likewise, the European Union has established a Just Transition Fund to support coal-dependent
regions in shifting to sustainable industries, exemplifying how the concept shapes real policy
(European Commission 2020). By putting social well-being and equity at the center, Just Transition
frameworks strengthen the political and ethical legitimacy of sustainability initiatives. They recognize
that true well-being is not only about aggregate outcomes but also about who benefits — reinforcing
that environmental sustainability and social justice must progress hand in hand. In the context of
well-being measurement, the inclusion of “just transition” considerations means tracking indicators
of quality of life alongside carbon reductions and efficiency gains (Newell and Mulvaney 2013).
Ultimately, the idea of Just Transition seeks to harmonize the goals of environmental efficiency and
improved well-being with the principles of fairness and “leaving no one behind”, as advocated in the
UN Sustainable Development Goals (United Nations 2015).

3.4.2 Conceptual Relevance of Weak vs. Strong Sustainability Paradigms

Underpinning the discussions of well-being and sustainability is a fundamental theoretical debate:
weak vs. strong sustainability. These paradigms offer differing answers to the question of how
far human-made capital (infrastructure, technology, knowledge) can substitute for natural capital
(ecosystems, resources, biodiversity) in supporting human well-being. Weak sustainability posits that
various forms of capital are largely substitutable, meaning that as long as the total aggregate stock
of capital (natural + produced + human capital) is maintained or grows, sustainable development
can be achieved (Solow 1993; Neumayer 2012). In this view, natural resources and ecosystem
services can be depleted or degraded so long as we compensate by increasing wealth or technological
capabilities that confer equal or greater benefits to future generations.
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A classic articulation of weak sustainability is that it “does not matter whether the current generation
uses up non-renewable resources or dumps COs in the atmosphere as long as enough machineries,
roads and ports are built in compensation” (Neumayer 1999). This perspective underlies economic
models like the Hartwick rule (Hartwick 1977), which suggests that investing the rents from
resource depletion into produced capital can preserve the total wealth for the future. Proponents of
weak sustainability tend to have confidence in human innovation and market mechanisms to solve
environmental problems (through, for example, cleaner technologies or resource substitution), and
often endorse monetary compensation for environmental damage as an acceptable trade-off (Ekins
et al. 2003).

In contrast, strong sustainability argues that natural capital is fundamentally non-substitutable
in many cases, because ecosystems provide critical life-support functions that built capital cannot
replicate once lost (Daly 1995; Ekins et al. 2003). Strong sustainability holds that there are
critical natural capital stocks and planetary life-support systems — e.g., a stable climate, fertile
soil, biodiversity, ozone layer — that must be maintained in kind, not merely in value, to ensure
long-term human well-being. Proponents point out qualitative differences: the destruction of a
forest or species is often irreversible, whereas man-made capital can usually be rebuilt or replaced
(Ekins et al. 2003). Moreover, the uncertainty and complexity of ecological systems mean we often
cannot predict which losses might prove catastrophic (Dietz and Neumayer 2007).

Therefore, strong sustainability calls for strict limits and a precautionary principle regarding natural
capital use: certain environmental thresholds should not be crossed, and some natural losses
cannot be justified by gains in man-made wealth (Goodland 1995). In practical terms, a strong
sustainability approach might insist on conserving critical ecosystems, reducing material throughput
, and respecting planetary boundaries even if there is an opportunity cost in terms of conventional
economic growth. This paradigm aligns with the idea that sustainable well-being requires living
within the means of nature, not merely compensating for environmental degradation with income or
technology.

The weak vs. strong sustainability debate has important empirical and policy implications. For
instance, the World Bank’s Genuine Savings indicator (also known as Adjusted Net Saving) is rooted
in weak sustainability — it subtracts natural resource depletion and pollution damage from national
savings rates, but treats different forms of capital as interchangeable in monetary terms (Hamilton
and Hartwick 2014). If a country’s genuine savings remain positive, it is deemed “sustainable” in
the weak sense, even if it is drawing down certain natural assets. In contrast, advocates of strong
sustainability would criticize such an approach for potentially masking irreversible ecological loss;
they argue for physical indicators of natural capital preservation (e.g., forest cover, fossil fuel reserves
left unburned) and for maintaining critical natural capital intact (Ekins et al. 2003).

The tension between these paradigms is also reflected in international policy debates: should “green
growth” be pursued (an essentially weak sustainability notion that economic growth can continue
as it becomes more efficient and cleaner), or “post-growth” or “degrowth” pathways need to be
envisioned, that respect absolute ecological limits (strong sustainability)? (Jackson 2009; Hickel
and Kallis 2020) Increasingly, scientific evidence of climate change, biodiversity loss, and resource
constraints lends weight to strong sustainability arguments that some natural systems’ integrity
is a non-negotiable foundation for long-term well-being. This is where the concept of planetary
boundaries becomes a crucial framework, reinforcing the view that certain environmental thresholds
define a safe operating space for humanity.
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3.4.3 Key Contributions of Planetary Boundaries and the Safe Operating Space

The planetary boundaries framework, introduced by Rockstrom et al. (2009) and refined by Steffen
et al. (2015), identifies a set of nine biophysical thresholds that delineate a “safe operating space’
for human development on Earth. These boundaries — including climate change, biodiversity
loss, biogeochemical flows (nitrogen and phosphorus cycles), land-system change, freshwater use,
stratospheric ozone depletion, ocean acidification, atmospheric aerosol loading, and novel entities
(chemical pollution) — represent limits which, if persistently exceeded, could trigger destabilizing
environmental changes at the global scale.

9

Contextualizing well-being and sustainability within the planetary boundaries framework means
recognizing that human progress is embedded in Earth’s systems and must operate within ecological
limits. Rockstrom et al. (2009) argued that crossing these boundaries risks abrupt or irreversible
environmental shifts (e.g., ice sheet collapse, ecosystem regime shifts) that would severely undermine
human well-being. Indeed, several boundaries (notably climate, biosphere integrity, and biogeo-
chemical flows) are already in a zone of uncertainty or beyond safe limits due to the scale of human
activity (Steffen et al. 2015). This scientific framework has profound implications for how we
measure and pursue well-being: it implies that true sustainable well-being requires achieving social
goals without overshooting critical planetary capacities.

Planetary boundaries align closely with the strong sustainability paradigm by underscoring non-
negotiable ecological constraints. They emphasize that certain environmental processes cannot
simply be substituted or offset by economic gains — for example, no amount of manufactured capital
can compensate for a runaway climate change or mass extinction event. In this sense, respecting
planetary boundaries is a precondition for long-term human well-being; it sets the outer envelope
within which humanity can thrive. The concept of a “safe and just operating space” has emerged by
combining planetary boundaries with social foundations for well-being (Raworth 2017; O’Neill et
al. 2018). Raworth (2012) proposed the idea of a doughnut-shaped space: the outer ring are the
planetary boundaries (ecological ceiling) and the inner ring are minimum social requirements (a
social foundation of basic well-being such as access to food, education, healthcare, etc.). Sustainable
development, in this view, means meeting all people’s essential needs and improving quality of life
without overshooting the Earth’s ecological limits — essentially, finding a safe and just space for
humanity.

Unfortunately, empirical analyses show a substantial challenge: countries that achieve high human
development tend to exceed planetary boundaries, while countries that stay within per-capita fair
shares of planetary limits often still have unfulfilled human needs. For example, O'Neill et al. (2018)
found that no country meets all basic needs (like life expectancy, sanitation, income sufficiency) for
its citizens within its fair share of planetary boundaries; high-income nations overshoot especially on
carbon emissions and nutrient cycles, highlighting a gap in sustainable well-being. This underscores
the necessity of dramatically improving environmental efficiency (the amount of well-being per unit
of environmental use) and rethinking development models if we are to achieve well-being for all
within the planet’s carrying capacity. In policy terms, the planetary boundaries framework has
started to inform global sustainability agendas — from the scientific underpinnings of the Paris
Climate Agreement’s goal to limit warming (climate boundary) to discussions of a global deal for
nature to protect biosphere integrity. It serves as a scientific guardrail for human progress, reminding
policymakers that any long-term strategy for improving lives must remain compatible with Earth
system stability.
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3.4.4 Policy and Theoretical Implications

The integration of well-being beyond income, environmental efficiency, just transition principles, and
the insights of sustainability paradigms within planetary boundaries is reshaping global sustainability
policies and governance. Well-being indices and broader progress measures have begun to influence
policy decisions at national and international levels. Following the Stiglitz-Sen-Fitoussi report
(Stiglitz et al. 2009), organizations like the OECD and UN launched the Beyond GDP initiatives,
leading to regular well-being reporting and new indices that guide policy. Several countries
(e.g., New Zealand, Scotland, Bhutan, Costa Rica) have formally incorporated well-being metrics
into governance: Bhutan’s Gross National Happiness index pioneered this approach by guiding
development policy with surveys of psychological well-being, cultural integrity, and ecological
resilience (Ura et al. 2012). New Zealand’s government now publishes a Wellbeing Budget
that allocates spending based on well-being priorities such as mental health, child welfare, and
environmental quality, rather than solely on economic growth projections (Mintrom 2019). These
examples illustrate a broader trend of governments and international bodies recognizing that
measuring success “beyond income” leads to different priorities — for instance, more emphasis on
poverty reduction, public health, and environmental protection — and helps track progress on the
UN Sustainable Development Goals (many of which explicitly pertain to non-income dimensions
of well-being). In theoretical terms, this shift operationalizes Sen’s ideas and capability-based
definitions of development into concrete metrics that can complement or even replace GDP in
decision-making (Stiglitz et al. 2018).

Environmental efficiency metrics likewise play an increasing role in sustainability governance. At
the global level, the UN Sustainable Development Goals include targets for decoupling economic
growth from environmental degradation (e.g., SDG 8.4 and 12.2 call for improving resource-use
efficiency and reporting material footprint per capita). Many countries track indicators such as
energy intensity (energy per GDP) and carbon intensity (COs per GDP) as part of their climate
strategies, aiming to increase efficiency as a means to achieve green growth. The Paris Agreement
encourages nations to peak emissions and then reduce them, implicitly relying on improvements
in carbon efficiency of well-being to allow continued development while cutting emissions. On a
policy level, frameworks like the Inclusive Wealth Index (which accounts for natural capital, human
capital, and produced capital) reflect attempts to incorporate efficiency and sustainability into
national accounting — if a country’s inclusive wealth per capita is stagnant or falling, it indicates
that well-being gains may be unsustainable (Managi and Kumar 2018).

Furthermore, corporate and urban governance use environmental efficiency metrics through tools
like eco-efficiency analysis, life-cycle assessment, and sustainability reporting (e.g., measuring water
or energy use per unit of service delivered). Such metrics help translate the abstract concept of
sustainability into quantifiable performance indicators, informing policies like building efficiency
standards, waste reduction goals (improving material efficiency), and technology benchmarks (e.g.,
fuel efficiency requirements for vehicles). The theoretical implication is a move toward quantified
sustainability, where maximizing well-being output per environmental input becomes a normative
goal (Bergh 2011). However, governance must also guard against simply optimizing efficiency in
the short term while ignoring absolute scale — hence parallel efforts to set caps or boundaries (for
example, carbon budgets consistent with the 1.5°C climate boundary).

Crucially, the principle of Just Transition has been increasingly woven into international climate and
sustainability policies, reflecting a recognition that the shift to sustainability must be socially fair
to be politically sustainable. For instance, at COP26 in 2021, numerous countries and development

23



banks pledged funding for just transition partnerships to help coal-dependent developing countries
move to renewables while supporting affected workers and communities. The European Green Deal
(Fetting 2020) includes a robust Just Transition Mechanism with financial instruments to alleviate
socio-economic impacts in regions facing green transition challenges.

This policy embedding of just transition illustrates how the concept’s core tenets — equity, inclu-
sion, stakeholder engagement — are becoming standard considerations in climate action plans and
energy policies worldwide (Jenkins et al. 2020). Theoretically, it brings social justice theory into
sustainability governance, ensuring that measures of well-being in sustainability include process
fairness and not just end-states. It also expands the governance discourse from focusing purely
on efficiency or technology to incorporating values of distributive justice (who gains/loses) and
procedural justice (who has a voice in shaping transitions). In practice, this could mean that when
governments evaluate policies (say, closing a coal plant for emissions reduction), they also measure
and address the impacts on employment, community well-being, and inter-generational equity, rather
than evaluating success solely on emissions metrics.

The debate between weak and strong sustainability further influences policy orientations: many
mainstream economic policies and international financial institutions still operate on a weak
sustainability model, promoting solutions like carbon pricing or investment in eco-innovation to
solve environmental problems without questioning growth paradigms (OECD 2011). Yet, there
is a growing counter-movement in policy circles influenced by strong sustainability and planetary
boundaries. This is evident in calls for establishing ecological limits in policy — for example, some
countries are exploring legal rights for nature or constitutional environmental thresholds (as seen in
countries like Ecuador with rights of nature, or proposals for “Earth system boundaries” treaties).
The Stockholm+50 conference (Baste and Watson 2022) and the formation of the Earth Commission
are signs that planetary boundaries thinking is penetrating global governance, aiming to set science-
based targets for Earth system integrity that policymakers should heed (Rockstrom et al. 2021).
Theoretical work on “doughnut economics” (Raworth 2017) has even influenced city planning (e.g.,
Amsterdam adopting a City Doughnut model) and discussions of a post-growth economy focused on
human thriving within ecological ceilings.

These concepts collectively shape an emerging sustainability governance paradigm in which well-being
is the ultimate goal, environmental efficiency is a key means, equity and justice are guiding principles,
and planetary boundaries define the necessary conditions. Well-being indices and sustainability
indicators are used to inform budgeting, policy priorities, and performance evaluation. Environmental
efficiency metrics guide innovation and measure progress toward decoupling, while just transition
policies ensure the human impacts of these shifts are managed with care. Meanwhile, the tension of
weak vs strong sustainability plays out in debates between those advocating technological optimism
and market solutions versus those urging precaution, conservation, and perhaps new economic
models. The planetary boundaries framework provides a scientific backdrop that anchors these
discussions, constantly reminding decision-makers that sustainability is not only a socio-economic
aspiration, but also a biophysical necessity. As global challenges like climate change and biodiversity
loss accelerate, integrating these insights is increasingly seen not just as an academic exercise but as
foundational to designing policies for a resilient and thriving future.
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3.5 Methodologies for Measuring Environmental Efficiency of Well-Being

Measuring environmental efficiency of well-being involves evaluating how effectively societies convert
environmental inputs (or impacts) into human well-being outcomes. Two broad approaches are
commonly used: ratio-based metrics and non-parametric frontier methods. Each approach offers
distinct insights and has different implications for policy and sustainability assessments. Below, we
expand on these methodologies, including their theoretical underpinnings, formulae, key examples,
and how methodological choices can influence policy interpretation in the context of sustainability
and Just Transition principles.

3.5.1 Ratio-Based Metrics of Environmental Efficiency of Well-Being

Ratio-based metrics provide a straightforward quantification of well-being achieved per unit of
environmental impact (or vice versa). Fundamentally, a ratio-based indicator can be expressed as:

W.
Ef ficiency = EZ

)

Where Wj is a measure of well-being for entity i (e.g., a country or region), and E; is an environmental
pressure or resource use for the same entity. A high value of this ratio indicates that a high level
of well-being is achieved with relatively low environmental cost, signifying greater sustainability.
Conversely, the inverse ratio % sometimes termed the environmental intensity of well-being — a
lower value of this intensity implies more environmentally efficient well-being (Dietz et al. 2009).
In practice, researchers choose specific indicators for well-being and environment, yielding various

metrics:
Environmental Efficiency of Well-Being (EWEDB)

This concept was introduced as a holistic sustainability metric relating human welfare to environ-
mental impact (Dietz et al. 2009). For example, well-being can be represented by life expectancy or
a composite index, and environmental impact by per capita carbon emissions or ecological footprint.
An early cross-national analysis measured EWEB as the ratio of life expectancy to per capita ecolog-
ical footprint, finding wide international disparities (Knight and Rosa 2011). Countries like Costa
Rica and Cuba emerged as examples of high EWEB, achieving long life expectancies with modest
resource use, whereas some high-income nations had lower efficiency due to disproportionately large
footprints. These findings highlight that sustainability can be reframed as maximizing well-being
per unit of environmental burden, not just minimizing emissions in absolute terms.

Carbon and Ecological Intensity of Well-Being

Many studies focus on the inverse ratio — environmental impact per well-being — often termed
intensity. For instance, the carbon intensity of human well-being (CIWB) is defined as annual CO,
emissions per capita divided by a well-being indicator (often life expectancy) (Jorgenson 2014).
Similarly, ecological intensity of well-being (EIWB) uses ecological footprint in the numerator.
These intensity measures are conceptually the reciprocals of efficiency: lower intensity corresponds
to higher efficiency. Jorgenson (2014) demonstrated that as countries develop economically, their
CIWB does not automatically improve without targeted policies — some high-income nations still
emit large CO2 for marginal gains in life expectancy. Recent research has explored how CIWB
and EIWB evolve with development and environmental policy, including tests of Environmental
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Kuznets Curve dynamics for these metrics (Barak et al. 2024). Such studies show, for example,
that expanding forest cover or investing in cleaner technologies can bend the trajectory of CIWB
downward, enabling nations to sustain health and longevity while curbing emissions (Barak et al.
2024).

Composite Indices

In addition to simple ratios, composite indicators have been devised to encapsulate sustainable well-
being. The Happy Planet Index (HPI), for example, combines subjective well-being (survey-based
life satisfaction), life expectancy, inequality adjustments, and ecological footprint into a single index
that essentially reflects “well-being per planetary resource unit” (Abdallah et al. 2009). While not
a pure ratio, it is grounded in the ratio concept of maximizing well-being and equity for each unit
of environment used. Such indices have gained visibility in policy discussions to illustrate which
countries achieve more happiness per carbon or health per hectare. They underscore conceptual
implications: high well-being need not come with high emissions — a decoupling central to Just
Transition goals.

Ratio-based measures are intuitive and easily communicated. A higher ratio signals that a society
delivers more well-being for each unit of environmental impact. This directly aligns with sustainability
ideals of decoupling human progress from resource consumption and emissions. However, the choice
of numerator and denominator matters. Well-being can be measured in diverse ways (life expectancy,
a multidimensional index, subjective happiness, etc.), and environmental impact can range from
carbon emissions to ecological footprint or material consumption. Different choices can lead to
different rankings and policy messages. For example, using life expectancy may favor countries
with strong public health systems, whereas using a happiness index might highlight other leaders.
Policymakers should thus be aware of what each ratio captures. Nonetheless, the overall message of
ratio metrics is clear and policy-relevant: improve the denominator (reduce environmental impact)
and/or improve the numerator (increase well-being) to achieve better sustainability performance.
This provides a simple yardstick for progress toward goals like the SDGs and Paris climate targets:
ideally, countries should strive to increase well-being while shrinking their per-capita footprint,
thereby moving to a higher EWEB (Dietz et al. 2009; Knight and Rosa 2011).

3.5.2 Other Non-Parametric Frontier Approaches

DEA is a linear programming technique originally developed to evaluate the efficiency of production
units (Charnes et al. 1978). In the context of environmental efficiency of well-being, a country
can be conceptualized as a “Decision Making Unit” that uses environmental inputs to “produce”
well-being outputs. For example, inputs could include per capita CO9 emissions, energy or material
use, and outputs could include indicators of human development such as life expectancy, education
level, or an aggregate well-being index. DEA computes an efficiency score for each unit by finding
the optimal weighted output-input ratio for that unit, subject to the constraint that no other unit
exceeds an efficiency of 1 under the same weights (Charnes et al. 1978). In effect, each country’s
performance is compared to a convex combination of peer countries — the frontier represents the
highest attainable well-being for a given environmental input level, based on observed data.

DEA has been widely applied in environmental and sustainability assessments (Zhou et al. 2008). It
generalizes the ratio approach: if there is one output and one input, DEA efficiency is just the simple
ratio (normalized to the best performer). With multiple factors, DEA considers the best possible
weighted ratio, which means it does not require analysts to pre-decide the relative importance of,
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say, health vs education, or CO2 vs material footprint — the data determine the most favorable
weights for each unit. This is advantageous in a policy context because it avoids subjective weighting
and can handle trade-offs explicitly. For example, a country with moderate CO2 emissions and high
life expectancy and education may achieve an efficiency score of 1 by emphasizing the weights on
those well-being outputs, identifying it as a best-practice case for sustainable human development
(Chansarn 2014). In Chansarn’s cross-country DEA analysis of 115 nations, countries like Sweden
and Portugal were found to be 100% efficient in converting resources (energy use, CO2 emissions,
etc.) into human development (life expectancy, schooling, income), setting benchmarks for others
(Chansarn 2014). Such results indicate that those countries achieve a balance of high social outcomes
with relatively low environmental inputs, embodying the ideals of a just and sustainable pathway.

A technical challenge in DEA for environmental applications is that pollution or resource use are
“bad” outputs or inputs. DEA models have been adapted so that undesirable outputs (e.g. emissions)
are treated appropriately — for instance, by modeling pollutants as inputs to be minimized, or by
using directional distance functions and slacks-based measures that allow reduction of bad outputs
in efficiency improvement projections (Fére et al. 1989; Zhou et al. 2008). These extensions
ensure that a unit that simply produces a lot of well-being and a lot of pollution is not erroneously
deemed efficient. Instead, efficiency requires comparatively low pollution for the level of well-being.
Modern DEA studies often use such approaches to derive an eco-efficiency score or sustainable
well-being efficiency score. For example, an analysis of EU countries over 2005-2012 used an
enhanced DEA model incorporating undesirable outputs to rank nations’ environmental efficiency
(Hermoso-Orzaez et al. 2020). Likewise, slack-based DEA models have assessed how countries
could reduce specific resource uses or emissions while maintaining human development, pinpointing
concrete improvements for policy (Chansarn 2014).

3.5.3 Findings and Policy Relevance of the Environmental Efficiency of Wellbeing
Measures

Each methodology for measuring the environmental efficiency of well-being carries unique implications
for policy interpretation and the pursuit of sustainability and a Just Transition. Maintaining technical
rigor while ensuring policy applicability is crucial.

Ratio-based indicators are simple and transparent, which aids communication with the public
and policymakers. A metric like “COs per life-year” or “well-being per hectare” can succinctly
illustrate the challenge of sustainable development. For example, the narrative that “Country A
emits 10 tons of COq per year for its average citizen to live to 75, whereas Country B only emits 5
tons for the same life expectancy” is compelling and easy to grasp. This clarity supports policy
dialogues around efficiency and equity — it becomes evident who is using more than their fair share of
environmental capacity for similar outcomes. However, simplicity can mask trade-offs. A high ratio
might be achieved by excelling in one well-being dimension while neglecting others (e.g., long life
expectancy but perhaps poor subjective life satisfaction). In contrast, DEA can incorporate multiple
facets (health, education, income, etc.), aligning with the multi-dimensional nature of wellbeing.
This complexity provides a richer diagnostic for policy — highlighting which aspect of well-being is
achieved efficiently and which aspect may be lagging. Yet, the complexity means results must be
carefully communicated to non-experts, and transparency can be a challenge (since the weights in
DEA are not fixed and can be hard to explain). The choice may thus depend on the context: if a
policy goal is narrowly defined (e.g., maximize health with minimal carbon), a simple ratio suffices;
if it is broad (improve overall quality of life sustainably), a DEA approach is more informative.
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While the JTS and the CESP developed in this thesis are ratio-based approaches, they address
key limitations of simpler ratio metrics by integrating multiple dimensions of well-being and
environmental impact. As discussed earlier, ratio-based measures offer intuitive and transparent
comparisons, making them particularly effective for tracking efficiency trends and communicating
sustainability challenges. However, traditional ratio indicators often focus on a single aspect of
well-being, such as life expectancy or life satisfaction, without capturing broader social progress.
By contrast, the JTS and CESP account for multiple well-being dimensions, ensuring a more
comprehensive assessment of how efficiently countries translate environmental resources into social
outcomes. The findings align with previous studies demonstrating that while high-income nations
achieve superior well-being, their environmental efficiency remains low (Knight and Rosa 2011;
Fanning et al. 2022). Likewise, the identification of relatively efficient middle-income countries
mirrors research on sustainable development trajectories (Hickel 2020), reinforcing the argument that
well-being can be decoupled from excessive resource consumption under the right policy conditions.

The empirical results of both the JTS and CESP reveal striking disparities in the environmental
efficiency of social progress across world regions. High-income countries generally achieve top scores
in absolute well-being, but their relative performance falls sharply once environmental costs are
factored in. This is particularly evident among OECD members, many of which remain heavily
reliant on carbon-intensive consumption patterns and exceed per capita ecological thresholds despite
high social outcomes. In contrast, several middle-income countries—such as Costa Rica, Albania,
and Sri Lanka—emerge as comparatively efficient performers. These countries achieve moderate to
high well-being scores while maintaining significantly lower CO2 emissions and material footprints,
thus positioning themselves closer to the normative vision of sustainable development. These
findings substantiate earlier claims that high social performance need not be contingent upon high
environmental impact, and that policy choices—rather than income alone—play a crucial role in
shaping sustainability outcomes.

Building on the empirical disparities highlighted above, the CESP also reveals distinct convergence
dynamics that are crucial for understanding the potential for a global just transition. Specifically, the
convergence analysis shows that while countries as a whole are moving toward greater environmental
efficiency in achieving social progress, this trend is highly uneven across emission groups. Low-
emitting countries, which represent nearly half of the global population, exhibit strong sigma
convergence, with rapidly improving CESP scores and diminishing performance disparities. Their
convergence signals the potential for relatively low-carbon development pathways that still ensure
substantial social outcomes. High-emitting countries also show early-stage convergence, albeit at a
much slower pace, reflecting marginal efficiency gains but persistent overconsumption patterns. In
stark contrast, middle-emitting countries—often emerging economies—are diverging, with significant
internal stratification. This divergence is driven by a subset of countries (notably China, Russia,
and Turkey) that have failed to improve their carbon efficiency over time, placing a third of the
world’s population on an increasingly unsustainable path. These findings underscore the need to
tailor just transition strategies to distinct convergence profiles, as global averages mask the urgent
structural challenges in the middle-emitting group.

3.6 Conceptual Foundations of Climate Change Perception

Climate change perception refers to the ways in which people understand, interpret, and feel
about climate change — including their awareness of the issue, beliefs about its causes, level of
concern or risk perception, and willingness to support climate actions. Measuring these perceptions
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is crucial because public opinion can powerfully influence political will and individual behavior
related to climate change (Lee et al. 2015). Within the broader context of sustainable development,
understanding climate change perceptions helps ensure that climate policies and initiatives align with
public values and knowledge, thereby enhancing their effectiveness. This section provides a structured
review of climate change perception measurement and patterns, covering conceptual foundations,
methodological approaches, cross-national patterns, and linkages to policy and governance. By
examining both how perceptions are measured and what those measurements reveal, we can better
integrate public sentiment into climate action strategies for global sustainability.

In research, “climate change perception” is a multidimensional concept encompassing awareness
(whether people have heard of climate change), cognitive beliefs (e.g., accepting that it is happening
and human-caused), affective responses (level of worry or concern), risk perceptions (perceived
seriousness or threat to oneself, others, or the world), and behavioral intentions related to climate
action (Lee et al. 2015). For instance, Leiserowitz (2005) found that Americans generally perceived
climate change as a moderate risk that would mostly affect distant places and future generations —
a phenomenon often described as psychological8l distance. This highlights that perception is not
just binary (believe or disbelieve) but involves gradations of concern and perceived relevance.

Theoretical frameworks from environmental psychology and risk research shed light on what drives
these perceptions. For example, psychometric risk theory suggests people intuitively evaluate hazards
based on characteristics like dread and familiarity — climate change tends to be a slow-moving,
abstract risk, which can dampen personal sense of urgency (Weber 2010). Similarly, psychological
distance theory posits that people see climate change as distant in time (affecting future generations),
space (happening in faraway countries or the global level), and social relevance, which leads to
underestimating its personal impact (Leiserowitz 2005; Weber 2010). On the other hand, direct
experiences with extreme weather (such as heatwaves or floods) can reduce this distance, making
the risk more salient and immediate, as shown by studies linking personal experience to increased
concern (Spence et al. 2011).

Decades of research in behavioral and environmental psychology, climate communication, and
political science have identified numerous factors shaping climate change perceptions. At the
individual level, cognitive factors like knowledge and understanding of climate science play a role —
those with higher climate literacy are often more aware of the issue, though knowledge alone does
not guarantee concern (Linden 2015). Affective and experiential factors are critical: feelings of worry,
personal experience with climate impacts, and overall trust in science influence how serious people
judge the threat (Weber 2010; Van der Linden 2017). Cultural and social factors, including values
and norms, also guide perceptions. The value-belief-norm (VBN) theory (Stern 2000) suggests that
people with strong altruistic or biospheric values are more likely to believe in the seriousness of
environmental problems and feel a personal moral obligation to act, whereas those with strong
egoistic values may be less concerned.

Similarly, social norms (what people perceive others in their community believe and do) can reinforce
climate attitudes — if climate concern is common in one’s peer group, individuals are more likely
to also view it as important (Linden 2015). In many Western countries, climate change has also
become a politicized issue; political ideology and partisan identity strongly influence perception.
In the United States, for example, conservatives tend to be far more skeptical about the reality
and risks of climate change than liberals, a divide that has grown over the past two decades
(McCright and Dunlap 2011). This polarization is reinforced by media echo chambers and elite cues
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— people often take signals from political leaders or media outlets aligned with their ideology, shaping
whether they downplay or emphasize climate threats (McCright and Dunlap 2011). Cross-cultural
research indicates that the importance of these drivers can vary by context. In some countries, basic
awareness of climate change correlates most with education and access to information, whereas in
others personal observation of environmental changes is more influential (Lee et al. 2015). Overall,
a comprehensive model of climate change risk perception (Linden 2015) groups determinants into
three categories: cognitive (knowledge, understanding, and beliefs about causes/effects), experiential
(personal experience and emotional reactions), and socio-cultural (values, norms, and trusted
information sources). These factors interact to shape whether an individual perceives climate change
as an immediate, serious threat or a distant, negligible concern.

From a conceptual standpoint, measuring climate change perception is not only about assessing
public opinion — it is about understanding the readiness of society to engage in climate action
and the potential barriers to such engagement. Perceptions influence behavior; for instance, if
people perceive low personal risk from climate change, they may be less likely to support mitigation
policies or adopt pro-environmental behaviors (Weber 2010). Moreover, misperceptions or lack
of awareness can impede sustainable development initiatives. The United Nations Framework
Convention on Climate Change (UNFCCC) explicitly recognizes in its Article 6 the importance of
public education, awareness, and participation regarding climate change, underlining that addressing
climate change is as much a social challenge as a technical one. Therefore, understanding how the
public perceives climate change — conceptually and empirically — is a cornerstone for designing
effective communication, education, and policy strategies in the pursuit of sustainability.

3.7 Trends and Patterns in Climate Change Perceptions

Measuring climate change perceptions across different countries has revealed notable patterns
and divergences. These patterns are shaped by socioeconomic development, cultural context,
exposure to climate impacts, and political discourse, among other factors. Understanding these
trends is important for tailoring communication and policy strategies to different audiences and for
fostering international cooperation under frameworks like the Paris Agreement and the Sustainable
Development Goals.

One striking global pattern is the gap between awareness and concern. Lee et al. (2015) found that
in wealthier, industrialized countries (North America, Europe, Japan, etc.), public awareness of
climate change is very high — often above 90% of adults have heard of climate change. By contrast,
in many developing countries, especially in parts of Africa and South Asia, awareness is much lower;
large portions of the population have limited familiarity with the concept of “climate change” as a
planetary issue. This is often linked to education levels and access to media — education emerged as
the strongest predictor of climate awareness worldwide, with more educated individuals far more
likely to have heard of climate change (Lee et al. 2015).

However, when looking at concern or risk perception among those who are aware, the pattern
often flips. People in developing countries who know about climate change tend to perceive it as a
very serious threat, often more so than people in developed countries. For example, surveys have
shown that respondents in countries like Bangladesh, Kenya, or the Philippines (which are highly
vulnerable to climate impacts) frequently rate their personal risk from climate change as high,
whereas a significant minority in the US or Europe might downplay personal risk even though they
acknowledge climate change in the abstract (Carle 2015). This likely reflects the lived experiences
— developing regions are already experiencing severe impacts (floods, droughts, crop failures) and
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have fewer resources to cope, making climate change less abstract. In contrast, individuals in
richer nations may feel insulated or think the worst effects will happen elsewhere or in the future,
contributing to a more complacent attitude.

Globally, concern about climate change has generally risen over the past decade, though with
fluctuations. In many countries, public concern dipped slightly around 2010-2012 (possibly due
to the global financial crisis shifting priorities, and events like the “Climategate” controversy that
temporarily undermined trust in climate science for some) and then rebounded strongly in the
late 2010s as climate impacts became more evident and climate movements (e.g., school strikes,
Extinction Rebellion) gained momentum. For instance, Eurobarometer surveys in Europe show an
upward trend in the proportion of citizens rating climate change as one of the most serious problems
facing the world from the early 2010s to 2019 (Commission 2019). In the United States, Yale’s
tracking surveys (Climate Change in the American Mind series) indicate that the percentage of
Americans “very worried” about global warming increased between 2015 and 2020, and the segment
of “Dismissive” (strong deniers) shrank somewhat during that period (Leiserowitz et al. 2021).

However, perceptions can be volatile — extreme weather events like catastrophic hurricanes or
wildfires often trigger short-term spikes in concern and discussion, while other crises (such as the
COVID-19 pandemic in the early 2020s) can temporarily eclipse climate change in the public’s mind.
A Center (2022) survey of 19 advanced economies found that a median of 75% of the public viewed
climate change as a “major threat” to their country — making it one of the top-rated global threats —
suggesting that in many countries concern is at historically high levels. Notably, in that 2022 survey,
Furopeans were especially likely to rank climate change as the top global threat, even above issues
like pandemics or cyber-attacks (Center 2022).

Building on these political and ideological divides, the thesis provides a comprehensive cross-
country analysis of the socio-economic factors influencing climate change worry and action (article
title: Dissimilarities in the socio-economic predictors of climate change worry and action across 30
countries). By constructing latent variables that encapsulate these dimensions, we uncover significant
disparities in how different demographic and socio-economic attributes shape climate perceptions.
Gender emerges as the most prominent factor in several countries, with women generally exhibiting
higher levels of concern and willingness to engage in climate action. This finding aligns with prior
research suggesting that women tend to have stronger pro-environmental attitudes and a heightened
perception of climate risks due to socialization processes that emphasize care and responsibility
(McCright and Dunlap 2011). Meanwhile, education plays a crucial role in shaping concern in
multiple high-vulnerability countries, reinforcing the notion that increased knowledge and exposure
to climate science lead to greater awareness of risks and support for action (Lee et al. 2015).

Moreover, our results highlight notable differences in the determinants of climate change perception
between countries with high and low vulnerability to climate risks. In high-vulnerability nations, a
wider range of socio-economic predictors influence climate change worry and action, suggesting that
these countries experience a more complex interplay of economic, demographic, and cultural factors.
In contrast, low-vulnerability countries display more uniform socio-economic influences, with gender
and education emerging as the dominant factors. This implies that in highly vulnerable contexts,
policies aiming to enhance public engagement with climate action must account for a broader set
of socio-economic and institutional dynamics, while in lower-vulnerability nations, interventions
targeting gender and education disparities may be more effective.
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Crucially, these findings align with previous studies on climate perception, confirming the significant
role of demographic attributes in shaping attitudes toward climate change (Leiserowitz 2005; Linden
2015). While political ideology remains a key determinant in polarized societies, our study reinforces
the broader influence of socio-economic factors across diverse national contexts. These insights
emphasize the need for tailored climate communication strategies that consider both structural
socio-economic differences and country-specific vulnerability levels to maximize public engagement
in climate action.

3.8 Composite Measurements of Climate Change Perception

Measuring climate change perception across countries requires carefully combining multiple indicators
into composite indices. Researchers aim to capture how people know about, feel about, and respond
to climate change. These efforts involve making methodological choices about which survey questions
or data points to include, how to gather comparable data worldwide, and how to construct an
index that is meaningful for policymakers. This analysis examines two key aspects of such index
construction: (1) Indicator Selection & Conceptual Framework, (2) Data Sources & Sampling.

3.8.1 Indicator Selection & Conceptual Framework: The Climate Perception Index

Composite indices of climate change perception typically encompass multiple dimensions of how
the public understands and reacts to the issue. A common conceptual framework is to include
indicators for awareness, risk perception, and action or behavioral commitment. In a research which
is part of this dissertation thesis, Htitich et al. (2024a) developed a Climate Perceptions Index
(CPI) covering these three dimensions across 107 countries. This multidimensional approach is theo-
retically grounded in prior perception research that distinguishes cognitive, affective, and behavioral
components of environmental attitude (Linden 2015). For example, the knowledge—attitude—practice
model in environmental psychology suggests that knowing about an issue (cognitive) influences
concern (affective), which in turn can shape action (behavioral). By selecting indicators representing
each stage, composite indices aim to reflect an individual’s progression from understanding climate
change to feeling at risk and finally to willingness to act.

Generally, awareness indicators often measure basic knowledge and recognition of climate change.
These can include survey questions on self-assessed understanding of climate change, belief in the
reality of global warming, awareness of its causes, and exposure to information (e.g., how often one
hears about climate change). The rationale for including such indicators is that public awareness is
a prerequisite for informed concern — people must first know about climate change before they can
form opinions on its risks. However, research also shows that awareness alone is not sufficient and
can be misleading if taken in isolation. Single-item knowledge self-assessments (e.g., “I know a lot
about climate change”) often yield inconsistent findings (Leiserowitz 2006) and may not correlate
strongly with concern. Some individuals claim high knowledge yet downplay risks, while others with
similar knowledge are very worried. Thus, an index should go beyond awareness to capture how
that knowledge translates (or fails to translate) into perception of threat.

Risk perception indicators gauge the level of concern and perceived threat from climate change.
These items probe how serious people think climate change is for themselves, their community, or
future generations. For instance, a composite index might include questions on personal worry about
climate change or belief that climate change poses a serious threat to one’s country or the world
(Lee et al. 2015). In the CPI example, the risk perception dimension included perceived personal
harm and concern for future generations (Htitich et al. 2024a). The theoretical justification comes
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from extensive literature on risk perception: perceiving climate change as a high risk is often linked
to affective responses like worry or dread (Leiserowitz 2006) and is a known predictor of support
for climate policies. Established frameworks such as the value-belief-norm theory posit that threat
perceptions (belief that climate change is dangerous) are a key motivator for personal norms to act
(Stern 2000). Including risk perception indicators aligns the index with these frameworks, ensuring
it captures the affective dimension of public opinion that drives concern-driven behaviors. It is also
consistent with cross-national findings that concern varies widely by context — for example, awareness
of climate change is relatively high worldwide, but the level of worry or perceived seriousness shows
more variation (Lee et al. 2015). An index that separately measures risk perception can thus
highlight where awareness exists but public urgency is lacking.

Action or commitment indicators reflect the behavioral or conative aspect — what people are willing
to do or support in response to climate change. This dimension can include personal behaviors (e.g.,
willingness to adopt sustainable practices), policy preferences (support for government action or
climate policies), and the personal importance placed on climate change as an issue. For example,
the CPI’s “Commitment to Action” dimension incorporated how important climate change is
to the respondent, and their support for government involvement and national responsibility in
addressing it. Theoretical justification for including action-based indicators lies in the observation
that concern does not automatically translate into action due to various barriers. Psychological
research emphasizes the role of efficacy and contextual factors: even highly concerned individuals
may not act if they feel powerless or lack opportunities (Grothmann et al. 2013). By explicitly
measuring willingness or self-reported action, the CPI index captures this critical gap. It recognizes
action as a distinct component of perception, consistent with frameworks highlighting that perceived
efficacy and social norms mediate the step from concern to behavior (Jugert et al. 2016). In other
words, a person can know about climate change and even fear its impacts, yet remain inactive — a
composite index should reveal such disparities.

Indeed, in our CPI research, we note that some countries score high on awareness but much lower on
willingness to act, or vice versa, underscoring the importance of treating these dimensions separately
(Htitich et al. 2024a). This multidimensional design echoes established perception models and allows
researchers to test relationships between the dimensions. For instance, one can examine whether
greater awareness strengthens the link between risk perception and action — a hypothesis consistent
with the idea that knowledge can empower concern to spur behavior (Maartensson and Loi 2022).

In practice, selecting specific indicators for each dimension involves both theory and empirical
testing. For example, in the CPI construction, 16 candidate questions were available from a global
survey managed by Facebook. Being granted the access to the survey data, the authors chose 12 of
those questions (four per dimension) based on conceptual relevance and tested that each set of four
formed a unidimensional scale (Htitich et al. 2024a). They reported that inter-item correlations and
a principal component analysis supported the three-factor structure, with each dimension showing
good internal consistency (e.g., acceptable Cronbach’s alpha) across countries.

This approach ensures that each indicator included contributes meaningfully to measuring its latent
concept and that combining them is psychometrically sound. The result is a composite index
underpinned by an explicit conceptual framework (awareness—risk—action) that is well-aligned with
established theories in climate perception research. Other studies have followed similar logic — for
example, Lee et al. (2015) distinguished awareness (heard of climate change) from risk perception
(consider it serious) in their global analysis, and recent surveys often include separate items on
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knowledge, concern, and willingness to act (Leiserowitz et al. 2022). In sum, careful indicator
selection grounded in theory yields a multidimensional index that captures the complexity of climate
change perception, rather than relying on any single question or proxy.

3.8.2 Data Sources & Sampling

Measuring climate change perception globally poses significant data collection challenges. Traditional
survey-based approaches and newer digital data sources each have strengths and limitations. A
crucial methodological consideration is how to obtain comparable, representative samples in different
countries so that the index scores truly reflect population perceptions (and not artifacts of sampling
bias).

Most academic studies on climate perception rely on surveys with nationally representative samples.
Examples include the Gallup World Poll, Pew Global Attitudes surveys, the World Values Survey,
and regional barometers (Eurobarometer, Afrobarometer, etc.), which have incorporated climate
change questions. These surveys typically use stratified sampling of the adult population (via
face-to-face interviews, telephone, or online panels) to approximate the demographic makeup of
each country. The advantage of such surveys is greater representativeness: they attempt to include
people of all backgrounds, including those without internet access, ensuring urban-rural, age, and
gender representation. For instance, Lee et al. (2015) used Gallup poll data covering 119 countries
to analyze global awareness and concern, benefitting from Gallup’s rigorous sampling (random-digit
dialing or area probability sampling in each country).

However, traditional surveys are resource-intensive — high costs often limit the number of countries
or frequency of polling. Questions may also vary from survey to survey, complicating the task
of assembling a consistent cross-national index. Despite best efforts, even reputable surveys can
have nonresponse bias (certain groups not participating) or coverage gaps (e.g., excluding remote
areas or people without phones). Researchers must often apply statistical adjustments such as
post-stratification weights (aligning the sample to known population margins like age, gender,
education levels) to improve representativeness.

In recent years, global tech platforms have emerged as an alternative way to sample public opinion
rapidly across many countries. One prominent example is the Facebook-based climate change
perception survey done by Meta’s Data for Good program in partnership with researchers (Leiserowitz
et al. 2022). This approach uses Facebook’s enormous user base to distribute questionnaires to users
in dozens of countries. The 2022 “International Public Opinion on Climate Change” survey reached
respondents in over 100 countries via Facebook, providing a trove of data on climate knowledge,
beliefs, and policy preferences (Leiserowitz et al. 2022). The benefit is scale and consistency: the
same questions were asked worldwide at roughly the same time, yielding a harmonized dataset for
index construction. Moreover, it accessed opinions in many developing countries where dedicated
climate polling is rare, thus filling important data gaps. The trade-off, however, is that a social
media sample is not fully representative of the general population. Facebook users tend to be
younger and more urban, and in some regions Facebook penetration is low or skewed toward certain
demographics.

To mitigate this, the Meta survey used stratified sampling and weighting techniques (Leiserowitz
et al. 2022). Despite weighting adjustments, some biases may remain in social-media-based data.
Internet penetration varies greatly — in low-income countries, the survey samples may still exclude
large segments of society (those without internet or not on Facebook). Additionally, response bias
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is possible: Facebook users had to opt in to take the climate survey, so those who chose to respond
might be systematically different (perhaps more interested in climate issues) than those who ignored
it.

Researchers who work with such data usually acknowledge these limitations. For example, the
Facebook dataset was used also for the construction of the CPI, and Htitich et al. (2024a) note that
these data can introduce homophily and “echo chamber” effects — people’s information environments
online may reinforce existing beliefs. This means a respondent’s self-reported knowledge or concern
on Facebook could be influenced by algorithm-curated content or peer groups, which is a dynamic
less present in random household surveys. Moreover, in some authoritarian contexts, social media
samples might underrepresent those fearful of expressing opinions. FEach of these factors can
introduce cross-country differences that are not due to true opinion differences but due to sampling
artifacts.

In the CPI example, Htitich et al. (2024a) addressed this comparability issue by selecting ques-
tions that performed well across diverse countries and by statistically validating that each set of
indicators formed a consistent dimension worldwide. To calculate the Index, survey responses
were aggregated at the country level and normalized using a min-max scaling approach, ensuring
cross-country comparability. The aggregation follows a straightforward arithmetic mean, reflecting
a fully compensatory framework where a high score in one dimension can offset a lower score in
another. Alternative aggregation techniques, such as geometric mean and principal component
analysis, were tested but yielded similar results. Internal consistency of the dimensions was validated
through correlation analysis, Cronbach’s alpha, and principal component factor analysis, confirming
that the selected survey items appropriately capture the three core dimensions. Additionally, the
study examines the interrelationships among these dimensions, exploring how awareness moderates
the link between risk perception and commitment to action.

Another key methodological contribution of the CPI paper (Htitich et al. 2024a) is the use of
hierarchical model trees to assess how different levels of awareness influence the relationship between
risk perception and commitment to action. The results suggest that this relationship is strongest at
lower awareness levels and weakens as awareness increases, potentially due to normalization effects
or ideological biases. These findings align with previous research on climate change perception
(Linden 2015; Shi et al. 2016), which highlights the complexity of translating knowledge into action.
The CPI thus provides an empirically grounded measure of climate change perceptions that can
inform policy and communication strategies aimed at fostering greater public engagement with
climate action.

4 Synthesizing Wellbeing, Sustainability, & Perceptions measure-
ments

Sustainability emerges as a holistic concept when viewing environmental and social dimensions in
tandem. This thesis’ three core themes — the composite well-being measurement, environmental
efficiency of wellbeing, and climate change perception — are deeply interconnected facets of that
holistic view. Composite well-being measurement provides multidimensional metrics needed to
evaluate societal development beyond GDP alone [Stiglitz et al. (2009); Fleurbaey (2009)). Such
indices capture health, education, (in)equality, and other facets of wellbeing, ensuring that progress
is evaluated in people-centered terms rather than just economic output. The environmental efficiency
of well-being examines how effectively societies convert natural resources into societal outcomes,
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embodying the ideal of “doing more with less” (Dietz et al. 2009). This reflects the sustainable
development imperative to achieve high quality of life within ecological limits (Hickel 2020). These
two perspectives then extends to the domain of public perception, where public attitudes toward
climate change are considered as a vital component of sustainability, and captured to comprehensively
measure the cognitive and behavioral dimensions of sustainability.

Crucially, the first two themes are complementary: robust wellbeing indices supply the “output”
side of the efficiency equation, while environmental metrics supply the “input” side, allowing us to
assess how sustainably well-being is achieved (Knight and Rosa 2011). The third theme, climate
change perception, adds a critical behavioral and policy context. Public perception of climate
change influences societal response and willingness to support sustainable policies (Weber 2010; Lee
et al. 2015). If people do not perceive climate threats or value sustainability, advances in efficiency
or measurement may not translate into action. By synthesizing these themes, the thesis underscores
that true sustainability requires both efficient resource use and high social wellbeing, underpinned
by an informed and engaged public. In other words, achieving human development within planetary
boundaries (O’Neill et al. 2018) hinges not only on technical or economic factors but also on social
awareness and values.

Together, the three research themes contribute to a more comprehensive understanding of sustain-
ability — one that integrates what we strive for (broad human wellbeing), how we achieve it (with
maximal environmental efficiency, i.e., least possible environmental impacts), and why it ultimately
succeeds or fails (public perception and support for change). This integrated perspective aligns
with the broad vision of sustainable development set out by the Brundtland Commission’s call
to meet present needs without compromising future generations (WCED 1987), highlighting that
environmental health and human prosperity must advance hand-in-hand.

4.1 Key Contributions of The Dissertation Research

This research makes several novel contributions to the fields of sustainability science, wellbeing
measurement, and climate change perception. First, it introduces innovative metrics for evaluating
the environmental efficiency of social progress. Notably, the thesis developed the Just Transition
Score (JTS) and the Carbon Efficiency of Social Progress (CESP), which together quantify how
well countries translate resources and emissions into improved social outcomes. These indicators fill
a critical gap by extending traditional development indices to include ecological efficiency, offering
a new way to compare countries’ sustainable development performance (Dietz et al. 2009; Hickel
2020).

By capturing the ratio of human well-being (e.g., Social Progress Index scores) to environmental
impact (e.g., CO2 emissions per capita), the JTS and CESP highlight cases of “smart” development
— where social gains are high but environmental costs are low — and expose where progress remains
coupled with unsustainable resource use (Htitich et al. 2024b) . This contribution advances the
state of knowledge methodologically (through novel index design) and substantively (by revealing
global variability in efficiency), equipping policymakers with more balanced metrics beyond GDP-
based rankings. It directly informs sustainability debates by showing that some countries achieve
high wellbeing at much lower ecological cost than others, thereby charting pathways for efficient,
low-carbon social progress (Knight and Rosa 2011). For instance, our findings indicate that
while low-emitting countries exhibit strong convergence towards higher carbon efficiency of social
progress, middle-emitting countries remain fragmented, with some advancing and others stagnating
or even regressing. This divergence suggests structural challenges in decoupling social progress from
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environmental impacts at intermediate levels of development. At the same time, high-emitting
countries show signs of slow convergence, likely driven by technological advancements and policy
shifts towards decarbonization.

Second, the thesis refines composite wellbeing measurement techniques. Building on the “beyond
GDP” movement (Stiglitz et al. 2009), the measurement of social progress was expanded to cover
three decades (1990-2020), providing an unprecedented perspective on the long-term evolution of
global social conditions and enabling a detailed analysis of disparities across key dimensions of
quality of life. Related dissertation research paper also improved the composite indices methodology
by exploring dynamic weighting and aggregation methods. In particular, it pioneered the use of time-
varying weights to reflect changing societal priorities and explored non-compensatory aggregation
alternatives to ensure that poor performance in one dimension (say, health or education) is not
completely masked by excellence in another. These methodological innovations represent a step-
change in composite index construction. They contribute to the literature by increasing index
robustness and sensitivity to context, addressing common critiques of composite indicators (e.g.,
arbitrary weighting).

Third, the thesis breaks new ground in understanding climate change perception through a mul-
tidimensional, comparative lens. It develops and applies a composite Climate Perception Index
(CPI) framework (or similar multidimensional analysis) to gauge public awareness, risk perception,
and willingness to act on climate change across countries (Htitich et al. 2024a). This is a notable
contribution to climate social science, as previous studies often examined single aspects of perception
or were limited in scope (Leiserowitz 2006; Lee et al. 2015). By combining survey data on climate
knowledge, concern, and behavioral engagement, the research provides one of the first cross-country
indices capturing how populations perceive and respond to climate change.

This multidimensional analysis is further enriched by insights from research on socio-economic
predictors of climate change worry and action across 30 countries. By employing advanced statistical
techniques, such as latent variable modeling and random forest analysis, this study reveals significant
disparities in how different socio-economic factors shape public climate concerns and actions across
diverse national contexts. Notably, countries that are highly vulnerable to climate change exhibit
a broader range of influential predictors, highlighting the diverse socio-economic drivers behind
climate perception and engagement. On the other hand, nations with low vulnerability to climate
change display more uniform patterns. These findings reinforce the necessity of context-specific
climate communication strategies and further validate the need for a composite index approach to
effectively capture the multidimensionality of climate change perception.

Such insights enrich academic knowledge by revealing how socio-economic development, education,
and cultural context shape climate perceptions worldwide (Lee et al. 2015). For example, the results
also showed that better education often correlates with greater climate awareness, but also uncovered
exceptions where even well-informed publics may not support climate action due to economic or
political factors. Methodologically, this work demonstrates how to construct a valid composite index
from perception data — including careful indicator selection, weighting, and validation — contributing
a new tool for climate perception research. Substantively, it highlights a key insight: awareness and
concern do not automatically translate into action, pointing to “gaps” where policy can intervene
(Weber 2010; Jugert et al. 2016).

37



By linking the CPI with sustainability indicators (like emissions or adaptation policies), the thesis
offers policy-relevant evidence that stronger public engagement often aligns with more ambitious
climate action, and that enhancing public perception of climate risks can be a lever for sustainability.
This has direct implications for climate communication and education policy, underlining the need
for improving public understanding as part of the sustainability transition. Overall, by integrating
climate perception into the sustainability assessment framework, the thesis broadens the scope of
sustainability science to explicitly include societal readiness and support, an often overlooked but
crucial component of achieving environmental goals.

Collectively, these contributions advance the state of knowledge and have high policy relevance. The
research bridges traditionally separate domains — environmental efficiency analysis, composite social
indicator development, and environmental psychology — demonstrating the value of interdisciplinary
approaches in sustainability studies. It provides policymakers and scholars with improved metrics
and insights to navigate the trade-offs and synergies between human well-being and environmental
integrity.

For instance, the new efficiency metrics can help identify best practices for sustainable development
(showing how some nations attain progress with low emissions), while the improved well-being indices
and perception insights ensure that less inequality and more public support are central in crafting
climate policies. In advancing methodological frontiers (e.g., composite index design, integration
of perception data) and producing actionable findings (e.g., which policy levers might decouple
wellbeing from carbon emissions), the thesis contributes to a more evidence-based, comprehensive
toolkit for pursuing the Sustainable Development Goals (United Nations 2015). It reinforces the
idea that measuring and achieving sustainability is not one-dimensional, but requires concurrent
progress on multiple fronts — a message that this research operationalizes with concrete tools and
data.

4.2 Future Research Directions

Building on these findings, future research can further enhance sustainability assessment through
several methodological and empirical avenues. One important direction is refining composite
indices for wellbeing and sustainability. Future studies could experiment with more advanced
weighting techniques, such as participatory weights derived from public surveys or machine learning
algorithms that adjust weights based on predictive accuracy. These could complement the time-
varying approach pioneered in this thesis, making indices even more responsive to emerging global
priorities. Additionally, incorporating distributional aspects into composite measures is a frontier
worth exploring — for example, adjusting national wellbeing scores to penalize high inequality, so
that “sustainable development” implies broad-based progress (Stiglitz et al. 2018).

There is also scope to extend environmental efficiency metrics: researchers might develop analogous
indices for other environmental pressures (water use, biodiversity loss) linked to social outcomes,
or apply the JTS/CESP framework at sub-national scales (cities or regions) to inform local
sustainability policies. Advancements in data availability will be a key enabler in this context.
Future composite indices could integrate new data sources such as high-resolution satellite data (to
measure environmental degradation in real time), and big data on human wellbeing (e.g., mobility
data as a proxy for access to services, sentiment analysis of social media for real-time wellbeing
or climate concern signals). Merging traditional indicators with big-data streams can improve the
timeliness and richness of sustainability metrics, though careful validation will be needed to maintain
reliability.
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Another promising avenue is the longitudinal and causal analysis of the environment—wellbeing
relationship. While this thesis took important steps in measuring and comparing, future work could
employ panel data and quasi-experimental methods to identify how improvements in efficiency or
wellbeing indices translate into long-term sustainability outcomes. For instance, do countries that
improve their JTS (i.e., becoming more resource-efficient in social progress) subsequently show slower
environmental degradation? Answering such questions would deepen our causal understanding and
inform policy on the most effective levers for change.

Similarly, in the realm of climate change perception, future research can expand the multidimensional
approach by integrating psychological and cultural variables more explicitly. There are opportunities
to incorporate insights from behavioral science — for example, including measures of climate-related
emotions (hope, fear) or cognitive biases in perception studies (Linden 2015). This could yield
a more granular Climate Perception Index that captures not just factual awareness but also the
motivational factors that drive action. Repeating the perception index over time (longitudinal
surveys) would be valuable to track how public opinion shifts with events or policies, enabling
researchers to evaluate the impact of climate communication strategies or education campaigns.

Interdisciplinary approaches will be crucial in all these future endeavors. Combining expertise from
environmental science, economics, sociology, and psychology can lead to innovative methods — such
as using systems modeling to link an economic wellbeing model with a climate model, or applying
machine learning to fuse diverse datasets (e.g., linking remote-sensing environmental data with
household survey well-being data). This could help address complex questions like how climate
change impacts feed back into human wellbeing and perception, forming a sustainability loop.

Finally, translating improved metrics into policy application remains an ongoing priority. Future
research should work closely with policymakers to integrate composite sustainability indices into
decision-making frameworks. For instance, using the JTS or similar indicators to evaluate the
sustainability of policy proposals (“sustainability impact assessments”), or adopting climate per-
ception measures to tailor public engagement programs. Developing user-friendly dashboards or
tools based on these indices can bridge the gap between academic research and practical governance,
ensuring that the next generation of sustainability metrics directly inform strategic planning and
international reporting (e.g., for the SDGs or national development plans).

In short, the path forward lies in refining measurement techniques, embracing new data and cross-
disciplinary methods, and enhancing the real-world relevance of sustainability assessments. By doing
o, future research can continue to advance the comprehensive, multi-dimensional understanding of
sustainability that this thesis has begun — moving us closer to a world where high wellbeing, low
environmental impact, and an engaged citizenry coalesce to define progress.

5 Conclusion

This chapter has brought together the key empirical and methodological insights developed across
the thesis, with a focus on composite well-being measurement, environmental efficiency of social
progress, and climate change perception. Together, these dimensions provide a multidimensional
and policy-relevant framework for assessing sustainable development. The research demonstrates
that while substantial improvements in social outcomes have been achieved globally, the challenge
of aligning these gains with environmental sustainability and equitable climate engagement remains
significant. By integrating methodological innovation with empirical analysis, the thesis advances
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the field of sustainability measurement and offers new tools to evaluate how societies can transition
toward more just and resilient development pathways.

The development of the JTS and CESP illustrates the need for refined sustainability metrics
that go beyond GDP or conventional well-being indicators. These indices assess how efficiently
countries convert environmental inputs into social outcomes, highlighting best-performing nations and
identifying structural inefficiencies in high-income countries. Importantly, the CESP’s convergence
analysis reveals uneven trajectories: while some lower-emitting nations are catching up, many
middle-income countries remain trapped in inefficient patterns, underscoring the role of institutional,
economic, and technological constraints. These findings emphasize the necessity of differentiated
policy strategies that accommodate varying development stages and environmental burdens, while
promoting convergence in sustainable outcomes.

In parallel, the thesis contributes to ongoing efforts to measure well-being in a conceptually sound
and empirically rigorous way. Through time-varying weights and Bayesian latent variable modeling,
the research demonstrates how composite indices can better reflect dynamic societal priorities
and complex trade-offs between well-being components. When combined with analyses of public
climate change perception, these approaches reveal that technical policy solutions must be coupled
with social engagement and inclusive communication. The convergence of measurement innovation
and empirical insight reaffirms the central argument of the thesis: that sustainable development
must be approached holistically, accounting for environmental constraints, social equity, and public
participation. This integrated perspective is critical for informing the next generation of sustainability
metrics and guiding effective policy responses in a rapidly changing world.
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Abstract

Measuring people’s wellbeing has been at the heart of policy and research efforts
for decades. The Social Progress Index 1990-2020 offers a unique approach by
focusing only on social outcomes, leaving out economic and input-oriented
metrics. This paper describes in detail the methodology and calculation of the
Social Progress Index over an extensive period from 1990 to 2020. The
longitudinal assessment, based on publicly available data, covers 172+ countries.
Over the observed period, social progress improved in nearly all countries around
the world. Some countries made remarkable gains and clearly advanced their
people's standard of life. However, the rate of progress has slowed in recent years
and many countries have experienced stagnation. Some have even reversed
progress that was previously achieved. The results also indicate an uneven rate
and spatial distribution of progress, with some components of the Index faring
better than others.
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1 Introduction

The better measurement and understanding of societal welfare have been the focus of
research and policy efforts for decades. Gross domestic product (GDP) as the predominant
metric of countries’ success has been increasingly criticized in recent years (see for example
Stiglitz et al. (2010); Fleurbaey & Blanchet (2013)), despite its limitations having already
been acknowledged at its inception by Simon Kuznets (1934).

The first significant effort to produce a comprehensive, multidimensional assessment of
welfare was pioneered by Amartya Sen (Robeyns & Byskov, 2021). His concept of
‘capabilities’ was foundational for the Human Development Reports, initiated in 1990 by
the United Nations Development Programme, and for the construction of the Human
Development Index, which has ever since been the leading alternative metric of country
performance (UNDP, 2023).

Following the introduction of the Human Development Index, many other efforts
incorporating a wider range of social performance metrics have sprung up, often emphasizing
their “beyond GDP” nature (Stiglitz et al., 2018). These include metrics such as the
Organization for Economic Cooperation and Development’s Better Life Index (OECD,
2020), the Social Progress Index (Social Progress Imperative, 2022a), The Legatum
Prosperity Index (Legatum Institute, 2023), and more recently, efforts to measure the
Sustainable Development Goals (SDGs), such as the SDGs Index (Sachs et al., 2022).

Among these efforts, the Social Progress Index stands out for two mutually reinforcing
reasons: (1) as an applied policy tool; (2) with a unique set of design principles. The Social
Progress Index, published annually by the Social Progress Imperative, assesses countries’
performance by relying on publicly available data sources. The Index employs unique design

48



principles (discussed later in detail), most notably that it only takes into account social and
environmental outcome indicators, which make it “the first available metric of purely social
and environmental aspects” (Annoni & Scioni, 2022).

Since its first publication in 2013, the Index’s approach and methodology have been applied
by policy makers on various levels of administration in different parts of the world. The
European Commission adopted the Social Progress Index for the NUTS2? regions of the EU
(Annoni et al., 2016; Annoni & Bolsi, 2020, De Dominicis et al., 2024). It has been applied
for the states of Australia (Centre for Social Impact, n.d.), the provinces of South Africa
(IQbusiness, 2018), Thailand (Sasin School of Management, n.d.), and Costa Rica (Instituto
Costarricense de Turismo, 2019). Smaller administrative units, e.g., the region of Kosice,
Slovakia (Author[s]), and London’s Borough of Barking and Dagenham (LBBD, 2022) have
also used the Index. The Index is also increasingly used in academic research, such as by
Pritchett (2022), Ottaviani et al. (2021), Charles & D’Alessio (2020), O’Sullivan &
Kraisornsuthasinee (2019), Syrovatka & Schlossarek (2019), and Malay (2019).

In the 2022 edition (Social Progress Imperative, 2022a), the Index included 60 social and
environmental outcome indicators covering 169 countries, spanning 12 years (2011-2022).
While this is a sufficiently long period to offer insights on countries' current performance
and on global trends, it does not allow for an in-depth understanding of longer-term societal
wellbeing. Therefore, this paper presents the methodology and key findings of a novel and
unprecedented Social Progress Index constructed for a 31-year long period of 1990-2020, and
in doing so, it aims to make the following three contributions:

Firstly, the paper contributes to the methodologies used for constructing composite
indicators (see the subsequent section for more details about composite indicators). While
the Index generally follows standard methodological approaches (summarized for example
in Nardo et al., 2008), its global coverage of more than 170 countries over 31 years with 52
indicators required tailored and less common solutions, which could have a potentially
broader applicability. Secondly, the paper provides a contribution to defining and solidifying
social progress as a research and policy field. The application of the Social Progress Index
principles and methodology over 31 years represents an unprecedented effort of longitudinal
measurement of social progress on a global scale. Thirdly, the paper provides insights and a
greater understanding of social progress over time for the world as a whole and for individual
countries.

While the Social Progress Index 1990-2020 follows an established methodology and
approaches of an existing index, it should be noted that it is essentially a new metric. While
other attempts to replicate the Social Progress Index methodology and produce such a

9 NUTS stands for Nomenclature of territorial units for statistics, which is a system for dividing up the territory of the
European Union.
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longitudinal assessment are acknowledged (Peir6-Palomino et al., 2023), these efforts differ
in several aspects. Notably, they cover fewer countries (139), over a shorter period of time
(1995-2017), and use fewer indicators (45).

The paper begins with a conceptual establishment of social progress as defined by the Social
Progress Index. It continues to discuss in detail the data and methodological choices for the
construction of the Social Progress Index 1990-2020. It concludes with a discussion of its

main findings and insights.

2 Defining social progress

In order to establish a measurement approach, it is necessary to define what constitutes
social progress in the first place. While scientific consensus on the definition of social progress
has been difficult to find (Welzel et al., 2003), the policy dialogue has perhaps achieved more
substantive outcomes. While the Stiglitz, Sen and Fitoussi report (Stiglitz et al., 2009) does
not define social progress per se, it provides a useful framework for further elaboration by
summarizing three key conceptual approaches used to define and measure the quality of life:
(1) subjective well-being, (2) the notion of capabilities, and (3) the notion of fair allocations.
Furthermore, it proposes eight dimensions to be considered simultaneously when assessing
well-being: (i) Material living standards (income, consumption and wealth); (ii) Health; (iii)
Education; (iv) Personal activities including work; (v) Political voice and governance; (vi)
Social connections and relationships; (vii) Environment (present and future conditions);

(viii) Insecurity, of an economic as well as a physical nature.

Based on these conceptual groundings, the Social Progress Imperative, a US-based global
think-tank, established the Social Progress Index, which defines social progress as “the
capacity of a society to meet the basic human needs of its citizens, establish the building
blocks that allow citizens and communities to enhance and sustain the quality of their lives,
and create the conditions for all individuals to reach their full potential.” (Porter et al.,
2014). This definition alludes to three broad dimensions of social progress: the provision of
people’s Basic Human Needs; establishing the Foundations of Wellbeing for individuals and
communities to sustain the quality of their lives; and Opportunity for all individuals to reach
their full potential. Each dimension consists of four components, which are further defined
by a set of indicators responding to conceptual questions the components seek to answer
(see Annex D in the online supplementary file). While defaultly used with countries — which
are still the most common unit of measurement (as in this paper) — the aforementioned
definition of social progress has been applied to various levels of administration (as already

shown).

The composition of the Social Progress Index builds on the many philosophies and thoughts
that have been developed about what constitutes human well-being. Among these, the
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Natural Rights theory has been foundational for defining and conceptualizing the Social
Progress Index framework (O’Sullivan, 2014). The Basic Human Needs dimension is
grounded in its moral and political philosophy, which outlines that for the spiritual well-
being and fulfillment of human potential, certain rights should be respected as absolute for
every human being except to the extent that they may infringe on the rights of others. The
most basic rights are those related to survival, which implies to live in security, with
adequate shelter, sufficient water and food, and basic medical care to be able to survive to
maturity (Van Duffel, 2011). In the Foundations of Wellbeing dimension, O’Sullivan (2014)
also refers to the Natural Rights theory for basic knowledge, access to information and
environmental quality. Health and Wellness is, in his view, anchored in a utilitarian value
judgment about well-being. Burgers (2022) and Jones (2021) extend the application of the
Natural rights theory to environmental concerns. Finally, the Opportunity dimension is
anchored in the thoughts of John Locke, who argued that the rights to liberty are intrinsic
to human beings, thus forming the basis for individual freedoms and opportunities in society
(Van Duffel, 2011).

3 Social Progress Index 1990-2020: data and methodology

This section addresses the data and methodology used in constructing the Social Progress
Index 1990-2020, thus covering 31 years of social progress. It provides an account of the key
challenges for indicator selection and discusses in detail each step of the calculation.

The Social Progress Index is a composite indicator. The Index is built based on the Social
Progress Index standard framework and methodology (Social Progress Imperative, 2022b),
and follows the Handbook on Constructing Composite Indicators, which lays the foundations
for constructing composite measures (Nardo et al., 2008). While our intention is to follow
the standard methodology whenever possible, developing an index with a significantly longer
time coverage requires modifications and adaptations stemming from the many conceptual
challenges discussed below. While the basic framework of the Index is kept intact in terms
of its core structure, i.e., components and dimensions, indicators were selected and methods
adapted to reflect the longitudinal nature of the entire 31-year period. In this sense, the
presented Index should be regarded as a new metric of social progress.

Data

With more than 200 countries around the world, with distinct contexts and cultures, any
comparative assessment effort will essentially encounter data challenges. Moreover, the 1990-
2020 period witnessed many significant historical events as diverse as the global expansion
of democracy after the fall of the “iron curtain”, wars and the rise of the digital world. This
inherently implies conceptual measurement challenges, which can be summarized under

three broader aspects: what is measured and how; what is not measured; and who measures.
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In terms of what the Index measures and how, it follows the key design principles of the
Social Progress Index: (1) It considers exclusively social and environmental indicators, which
allows for a more rigorous and systematic analysis of the relationship between economic
development (measured, for example, by GDP per capita) and social development. Prior
efforts to move beyond GDP have commingled social and economic indicators, making it
difficult to disentangle the two dimensions of development. This shows that the Index is a
true representative of the “Beyond GDP” agenda which has gradually become the
cornerstone of development metrics (Stiglitz et al., 2018). (2) The Index measures the
outcomes that matter to people, and not the inputs. For example, the Index considers
metrics that assess people's health status and educational attainment, and excludes
indicators such as quantities of schools and hospitals. (3) As the coverage of the Index is
global, all indicators need to be relevant to all (or nearly all) units of observation, i.e.,
countries. For this reason, some specific issues such as malaria deaths cannot be included as
they do not affect all countries. However, indicators are selected carefully to ensure the
different contexts are captured, e.g., measuring premature deaths from non-communicable
diseases. (4) The Index is meant to provide evidence to inform decision making and
advancing social progress, and this is also reflected in the selection of indicators.

The Index only considers reliable and credible indicators that are as complete as possible
and offer an objective account of the period. Indicators are selected only if they are measured
well, with consistent methodology, by the same organization and across all (or essentially
all) countries in the sample. These principles ensure consistency in measurement across
countries. Each indicator is evaluated to ensure that it meets these quality criteria and that
it captures what it purports to capture. In total, 52 indicators from 12 data sources were
used to construct the Social Progress Index 1990-2020, and a further 13 supportive indicators
were used to calculate new indicators and impute missing values (discussed below). The
Index framework is captured in Figure 1. Detailed information for all indicators (including
the supportive ones) is included in Annex A and Annex B, respectively, in the supplementary
file.

Despite our best efforts, many critical societal concerns are not directly measured by the
Index, and some are only measured through imperfect proxies. Mental health, the rights and
freedoms of LGBTQI+ communities, as well as the rights of migrants and other minorities
are just a few examples of such issues that are insufficiently addressed. This is partly due to
the lack of global, comparative metrics, which meet the above criteria for indicator selection.

Retrospective measurement also meant that we had to face difficult tradeoffs in the indicator
selection process. We acknowledge that the Index is anchored in the present, defining
historical measurement retrospectively. This is best demonstrated in the Access to
Information and Communications component where the conceptual approach reflects the
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current period of internet access and mobile devices but considers the past through access

to landlines.
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of data sources (Annex C) in the online supplementary file.

The question of “who measures” can significantly affect the rigor and objectivity of data.
While we have striven to consider the implicit bias of any indicator source, and construct a
combination of indicators that would eliminate the influence of such bias to provide a robust
and comprehensive assessment of each concept, this often proved difficult due to the
unavailability of data. Some components have been affected more than others. This is the
case in the Opportunity dimension and especially in the Personal Rights and Inclusiveness
components, which predominantly rely on the Varieties of Democracy dataset. While these
biases have been highlighted recently (Little & Meng, 2024), we are confident that they have
only a minimal effect on the conceptual validity of the measurement and are still a
meaningful assessment of social progress, especially when aggregated with other metrics.

In the light of these challenges, we argue that constructing a composite indicator is an
appropriate approach, as it enables complex, multi-dimensional issues to be summarized into
a single metric that is easier to interpret and compare across countries while also harnessing
the power of various methodological approaches that limit the influence of diverse cultural

and historical contexts.
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We acknowledge that these challenges had a direct influence on the indicator selection, and
thus on defining the concept of social progress, as well as on the measurement challenges
(discussed below) and, therefore, any interpretation of the results should reflect this.

Methodology

There are several core steps for calculating the Social Progress Index 1990-2020 that are
discussed in detail. These steps are preceded by the actual data collection for each individual
indicator. The data collection process follows the above-mentioned quality criteria but also
requires certain procedures of data management (e.g., country coding, year alignment) and
cleaning due to the variety of sources. Unlike the annual Social Progress Index, where the
assessment is lagged by one or two years, the 1990-2020 Index is precisely aligned, unless
there were issues with data availability (discussed later). The data collection took place in
2021 and 2022. Some of the data providers have since published new data (e.g., Varieties of
Democracy), while other sources retracted previously published information (Our World In
Data)™.

Once the full dataset is established, the core calculation methodology is as follows: 1)
calculating indicators derived from more than one original indicator, 2) addressing missing
values, 3) treating outliers and highly skewed indicators 4) establishing best- and worst-case
scenarios, 5) inverting indicators, 6) calculating component scores, 7) aggregating
components and dimensions to overall Social Progress Index scores, 8) testing for statistical
validity and 9) conducting robustness checks.

1) Indicator calculation
There are six indicators that are specifically created for the Index to achieve the best
conceptual and statistical fit. After the calculation the indicators are included in the final

list of indicators as shown in Figure 1.

(1) Diet low in fruits and vegetables was constructed using a simple average based on
two individual indicators measuring diet low in (i) fruits and (ii) vegetables. Both
indicators come from the same source (Global Burden of Disease Collaborative
Network, 2020a) and are measured on the same scale.

(2) Mobile and landline telephone subscriptions aggregates both landline and mobile
subscriptions (per 100 population; World Bank, 2022) to reflect the technological
evolution within the measurement period. This method of inclusion was preferred,
instead of considering the two indicators separately, or only relying on mobile phone
subscriptions, to account for the reality that landlines were the prevailing publicly

10 The Varieties of Democracy have since published a new edition of its dataset. Our World in Data no longer publishes
the Access to electricity indicator with its 1990-2016 timeseries.
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accessible mode of telephone communication in the initial decade of the measurement
period. The final indicator is the weighted average of landline and mobile phone
subscriptions per 100 population, where the weights are applied counter-parallelly
over five-year periods to reflect the (un)availability of the service in the following
manner:

e 1990-1994: 100% weight for landlines, 0% weight for mobile phone
1995-1999: 80% weight for landlines, 20% weight for mobile phone
2000-2004: 60% weight for landlines, 40% weight for mobile phone
2005-2009: 40% weight for landlines, 60% weight for mobile phone
2010-2014: 20% weight for landlines, 80% weight for mobile phone
2015-2020: 0% weight for landlines, 100% weight for mobile phone

(3,4) Gender parity in basic education, and Gender parity in tertiary education are
calculated to reflect the equality between boys and girls in a more gender-neutral
fashion. The indicators are transformed to express the absolute distance from 1, where
1 represents an equal number of girls and boys enrolled. While in most countries,
more boys are enrolled in education than girls, there are countries, and this trend is
more evident over time and in recent years, in which the opposite is true. Therefore,
the absolute distance from 1 is used to acknowledge the lack of parity for both boys

and girls across countries.

(5,6) Proportion of population with no education and Proportion of population with
advanced education were each calculated as population-weighted average of the same
indicator for males and females. All indicators come from the same source (Global
Burden of Disease Collaborative Network, 2020b) and are measured on the same

scale.

2) Missing values
The methodology strives to ensure that all indicators included in the Social Progress Index
19902020 are missing as few observations as possible to avoid jeopardizing the conceptual
quality of the Index. However, when measuring 52 indicators over 31 years for more than
170 countries, it is inevitable that some indicators will have missing observations either for
some countries, for some periods of time, or a mix of both. Missing values can stem from
the lack of coverage by the data source, as well as incomplete reporting by a country to

international organizations.

The treatment of missing values depends on the overall methodology of any composite
indicator. The imputation methods range from simple ‘untreatment’, i.e., disregarding the
missing values, to highly complex and technical statistical estimates. The more complex the
imputation procedure is, the less understandable is the Index for a wider audience, while

simple solutions might provide a misleading estimate.
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The Index applies a combination of approaches based on a careful consideration of each case.
Generally, there are two scenarios when data points are missing. In the first case, a country
lacks some, not all, indicator data within the examined time period. In the second case, a
country does not have any (i.e., is missing all) data points of an indicator. Each scenario
requires a different approach. In the first case, when a country is missing some data points
of an indicator, depending on when in the 31-year long period the value is missing, two
methods are applied: i) A future or historical value is carried back or forward (for the
maximum of 5 consecutive years) if a data point is missing at the beginning, or at the end
of the time-series''; ii) Gaps between years are imputed by applying linear interpolation (for
the maximum of 14 consecutive years). This ensures smooth year-to-year estimates based
on current and historical data, and by assuming linear change. If data are missing for longer
periods, regression predictions are used to calculate the missing values. If regression
imputations do not align with available data points, for the extrapolation and interpolation,
the methodology applies the regression trend that is anchored in the observed values.

The second scenario uses regression predictions to impute missing values for indicators that
lack all observations for a country. The regression method relies on all indicators within the
respective component to estimate the missing values. The indicator with missing data points
is predicted using all other indicators from the respective component as predictors. This
approach is generally applied only for countries that have missing values for no more than
one indicator per component. However, there are two notable exceptions; Access to
electricity and Tertiary school life expectancy indicators. These exceptions are allowed in
order to include more countries in the final ranking. To impute the missing values the
methodology first uses supportive indicators (listed in Annex B in the online supplementary
file), which correlate highly with the indicator in question and can therefore approximate
the missing data with better precision than other indicators. Only after this “pre-
imputational” step is the rest of the missing values calculated through the standard

component-based regression.

In addition, there are a few cases that require a more unconventional approach. The Index
includes a full Index score, ranks and relative performance for the West Bank and Gaza.
Some indicator sources provide data for the West Bank and Gaza, while others provide data
separately for the West Bank and for Gaza. In these cases, indicator values are calculated
as a population-weighted average to obtain one data point for the whole entity, which is
then used in the overall Index calculation. Similarly, to have a full Index score for Serbia,
raw values of Internet users (over 1990-2003) and both Mobile and Landline telephone
subscriptions (also over 1990-2003) are imputed as averages of countries of former
Yugoslavia (i.e., Slovenia, Croatia, Northern Macedonia, Bosnia and Herzegovina).

' The IHME Covariates dataset is available from 1980 to 2019, in this case the entire time series is shifted by one
year (i.e., 1989-2019 is used for 1990-2020).
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3) Outlier treatment and data transformation

When constructing a composite indicator, in an ideal case, the underlying indicators have a
near normal distribution. This is commonly measured by the skewness and kurtosis tests.
However, data are often not normally distributed, and include extreme values, i.e., outliers.
Both cases require treatment in order not to distort the final measurement. There is a
plethora of techniques to deal with outliers and imperfect distributions. Winsorization
methods are commonly used to cap an outlying value by replacing it with a lower value.
The application approaches range from simply using the next highest/lowest value (Saisana
et al., 2018) to more advanced such as one-sided winsorization (Chambers et al., 2000).
Indicators with high skewness are often treated with logarithmic transformation. However,
logarithmic transformation needs to be applied with extreme caution as it can distort the
data in a way that they “are often not relevant for the original, non-transformed data” (Feng
et al., 2014). Other common methods include square-root, Box-Cox, and reciprocal
transformation.

We strive to make as few adjustments as possible in order not to distort the information the
indicator provides. There are three occasions that require indicator transformation. In the
first case, data are transformed to meet the boundaries set by the indicator definition. In
the second case, extreme values that may distort results if left untreated are addressed.
Thirdly, indicators with extreme skewness are transformed. The main two techniques of
data transformation are to either cap an indicator (winsorization), setting a clear upper or
lower boundary cut-off value, or to use the square root of an indicator. We chose the square
root method instead of logarithmic transformation because it better preserves the original

performance levels and can be used with zero values, which is not the case for the latter.

We use two statistical tests to help identify indicators that should be considered for
transformation. The test of skew determines the degree of asymmetry of each indicator. The
Handbook (Nardo et al., 2008) recommends treating indicators with the coefficient of
skewness >2. After a careful assessment of all indicators, the Social Progress Index 1990-
2020 methodology applies a threshold of 1.5 skew for indicator transformation, where
indicators with the coefficient of skewness >2 are transformed using the square root, while
indicators with skewness between 1.5 and 2 are capped at the 99th/1st percentile value. The
square root transformation allows to retain the relative positioning of countries while
creating a more sensible distribution. Only two indicators are transformed using the square
root transformation: Deaths from lead exposure and Interpersonal violence.

The second test, which considers the difference between the indicator minima and the 1st
percentile, and the indicator maxima and the 99th percentile, helps to identify a single or a
handful of extreme values in an otherwise relatively less skewed distribution. If the difference
is greater than 2 standard deviations a cap is applied at the 99th/1st percentile value.
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Based on the above tests, the following indicators are capped at the 99th percentile value
(one indicator capped at the 1st percentile value):
e Child mortality
Deaths from infectious diseases
Deaths from unsafe water, sanitation, and hygiene
Deaths from household air pollution
Deaths from road injuries
Life expectancy at 60 (capped at the 1st percentile)
Premature deaths from non-communicable diseases

Deaths from outdoor air pollution

Early marriage

In addition, several indicators are capped based on theoretical boundaries. A floor is set at
0.03 for gender parity in education indicators to allow for measurement error based on the
recommendations of UNESCO (UNESCO Institute for Statistics, 2010). The Phone
subscriptions indicator is capped at 100 subscriptions to reflect the boundary set by its unit
of measurement (number of subscriptions per 100 people). Years of tertiary schooling is
capped at five years to avoid the influence of a few near-outliers and to be in line with the
established Bologna system of tertiary education (3+42). Lastly, the Proportion of the
population with advanced education is capped at 0.85 to reflect international targets and
current achievements (Eurostat, 2023).

4) Best- and worst-case scenarios

Establishing the boundaries for each indicator, i.e., the best- and worst-case scenarios, is a
crucial step in the methodology since it directly affects the level of final scores (0-100).
Therefore, while the best- and worst-case values are defined for each indicator, we strive to
follow the same method for similar metrics. For indicators with pre-defined boundaries (all
indicators from Varieties of Democracy, summary exposure values etc.) the upper and lower
cases are established based on the predefined scale. Natural boundaries are used for
indicators that have a natural best-case scenario, such as maternal mortality (zero) and
mobile phone subscriptions (100 per 100 population). For indicators that do not have a clear
worst case or where the probability of reaching the worst-case scenario is extremely unlikely
(e.g., child mortality, for which the theoretical worst case would be that every child dies
before the age of five), the boundary is based on the worst recorded performance in the
measurement period (i.e., 1990-2020). Caps constitute the boundaries for capped indicators.
Best- and worst-case indicator values are included as two additional observations within the
country dataset. See Appendix A (in the online supplementary file) for the specific values
used for each indicator’s best- and worst-case scenario.

5) Indicator inversion
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The inversion of indicators is required to align all indicators in the same direction.
Specifically, all indicators for which a higher value denotes lower social progress (e.g., death
rates) are transformed by a simple multiplication by -1. This inverts the direction of the
indicators to correspond with higher values entailing better performance. There are 25
inverted indicators in the 1990-2020 Social Progress Index, these are noted in Appendix A

in the online supplementary file.

6) Component scores

The calculation of component scores is based on the aggregation of indicators within each
component across all observations (i.e., countries and years) using the principal-component
factor (PCF) analysis (Favero & Belfiore, 2019). The PCF, using Stata's -factor, pcf-
command, is a data reduction technique for analyzing a group of indicators thought to
measure a single concept. It identifies composite elements from the indicators and combines
them into a common construct (Acock, 2023).!> For many of the twelve components, PCF
generates similar weights for the indicators. This is due to ensuring a fair level of correlation
between indicators within a component prior to the Index calculation.!®* However, for those
cases where indicators are less correlated within their component, such as Personal Safety
and Access to Information & Communications, PCF provides a good statistical approach
for determining these indicators’ contribution to the component scores while remaining
objective (ibid). For this reason, PCF is preferred over equal weighting to ensure that
indicators are meaningfully contributing to a component score, while accounting for
similarities between them.'* Weights derived by PCF are noted in Appendix A in the online
supplementary file. Component scores are scaled to 0-100 values using the min-max
standardization method, where the best-case scenarios constitute the maxima, while the
minimum value is represented by the worst-case scenarios. Prior to applying the PCF
method, indicators are standardized into z-scores, which result in values with a mean of 0

and standard deviation of 1.

7) Final aggregation

Each dimension score is calculated as the arithmetic average of the four components that
make up the dimension. The Index is then calculated as the arithmetic average of the three
dimensions. We choose arithmetic average over generalized means and geometric average
even though it allows for full compensability across components. We do so based on the
validation of robustness and considering the advantages of arithmetic average. Countries

12 The Stata command -factor, pcf- performs a factor analysis using principal component analysis (PCA) for factor
extraction. This provides basically identical results as running PCA for example in SPSS, but the two methods should
be regarded as different (see for example Mardia et al., 2024; Mulaik, 2009; Jollife, 2002).

13 As per recommendations (Nardo et al., 2008), the correlation coefficients should range between 0.30 and 0.92. From
the 92 correlation coefficients in the framework (all of which are significant at the 1% level), 10 are lower than 0.30
(the lowest value is 0.13, while the highest value is 0.92).

141t should be noted that PCF and other data-driven weighting methods have also received notable criticism in recent
years, see for example Greco et al. (2019).
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that do not have scores in all four components of a given dimension do not have a dimension
score. If a country does not have a dimension score, it does not have an Index score either.

8) Statistical validity

The statistical validity of the Index is tested multiple times during the calculation. We strive
to include only such indicators that adequately capture the concept of each component and
that are conceptually as well as statistically linked to one another. The statistical fit of
indicators pre-selected for a component is first assessed in the exploratory phase by
correlation and factor analysis. Indicators that are statistically incompatible with the rest of
the component are excluded from further consideration, and, if possible, are replaced with

alternatives. Statistical fit is repeatedly confirmed throughout the calculation process.

As per JRC guidelines (Nardo et al., 2008), ideally, there should be only one determining
factor per component (eigenvalue >1). This criterion has been met for all components of the
Index. Furthermore, the standard Social Progress Index methodology involves evaluating
the fit between the individual indicators by calculating Cronbach’s Alpha for each
component. The alpha statistic is measured on a 0-1 scale and provides a measure of internal
consistency of indicators within a component, i.e., the extent to which all items measure the
same concept or construct. As an applied rule of thumb, the alpha value should be above
0.7 for any logical grouping of variables (Social Progress Imperative, 2022b). The alpha
values calculated for the Index components are all above the threshold, however near the
limit in the case of Access to Information & Communications and Environmental Quality.
Lastly, the goodness of fit of indicators within each component is evaluated using the Kaiser-
Meyer-Olkin (KMO) measure of sampling adequacy. The measure reflects the proportion of
variance among variables that might be the common variance. The KMO values range from
0 to 1, while the mean KMO should be above 0.5 (Social Progress Imperative, 2022b). In
the Social Progress Index 1990-2020, all mean KMO values are greater than this threshold.
The statistical validity results are summarized in Annex E in the online supplementary file.

9) Robustness check
To assess the robustness of the calculation procedure, particularly that of the aggregation
and weighting methods, the Index is recalculated three times using different aggregation and
weighting approaches. The standard methodology uses principal component factor generated
weights for aggregation on the component level while it applies unweighted arithmetic
averaging in the final aggregation step (from components to dimensions and from dimensions
to the Index). The alternative options to this baseline that were tested are:

e (i) unweighted arithmetic averaging in all stages

e (ii) unweighted geometric averaging in all stages'

e (iii) PCF-generated weights and aggregation in all stages

15 The calculational sequence was adapted as well: the standardization of indicators (to 0-100 scores) was done prior
to aggregation to eliminate negative values.
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Comparing the three alternative approaches with the applied methodology (i.e., baseline),
we observe that the rank correlation (spearman) coefficients between the baseline and all
three alternative options are very high. Specifically, the lowest coefficient of 0.96 is observed
between the baseline and the second alternative that is based on geometric average.
However, while the high coefficients suggest a general robustness of the calculation
methodology (and limited sensitivity to changes in the aggregation approach), they may
also mask some significant differences in rankings of individual countries between the
baseline and the three alternative options. Indeed, the descriptive statistics of the rank
differences demonstrate this, especially when the baseline ranking is compared with that
based on geometric aggregation, which essentially confirms the finding highlighted above.
This is not unexpected, as the geometric average aggregation penalizes the uneven
performance of countries across components. The complete results of the robustness checks
are available in Annexes F and F.2 in the online supplementary file.

4 Discussion of results

The results of the Social Progress Index 1990-2020, covering 1704 countries, offer a
multitude of opportunities for analyses on a plethora of topics. This paper, however, focuses
only on the following aspects:
e Trends in social progress globally; based on aggregate analysis and individual country
analysis.
o Performance of social progress across countries; based on countries’ absolute and
relative performance, and distance to best-case-scenario method.

To examine trends in social progress globally we approximate the Social Progress Index
score for the world in the following manner: to calculate the scores, indicators are first
aggregated into population-weighted raw values, using data of all ranked (170+4) countries.
Weights generated by PCF (based on the original country sample) are applied prior to
calculating dimensions and the Index score. It is important to note that this method is
different from calculating population-weighted scores (i.e., applying weights on component
scores), and in essence treats the world as a country.

Based on this approach, the world score improved by 13.43 points between 1990 and 2020.
The world performance was the best in the Basic Human Needs dimension, for which its
score increased substantially from 63.23 in 1990 to 76.83 in 2020. Its performance in
Foundations of Wellbeing increased even more (from 44.01 to 63.64), driven largely by gains
in the Access to Information and Communications component. The Opportunity dimension,
however, does not conform to this growth pattern - while there was a consistent increase
from 1990 (48.89) to 2011 (56.64) it was followed by a period of stagnation (and even slight
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decline) until 2020 (55.93). A similar trend of uneven development is also observed across
all components (see Annex G in the online supplementary file).

The results demonstrate that while the social progress of the world improved over time, the
paths and trajectories of its dimensions and components were not the same. Some dimensions
and components retained their good performance, while others stalled and declined, but
some also achieved remarkable gains reversing their previously lagging position. The results
also indicate that the world’s social progress performance may be unevenly distributed over
time. To better understand this pattern, we further examine gains by decades and 5-year
periods (the results are available in Annex H in the online supplementary file).

Gains in the world’s social progress peaked between 2000-2010 (+5.64pts) but slowed down
in the following decade (+3.56pts). A similar trajectory is observed in both the Basic Human
Needs and the Foundations of Wellbeing dimensions. In contrast, the Opportunity dimension
recorded the highest gains in the 1990s, but experienced a decline in the most recent decade
(-0.15pts). This uneven progress over time is also an inherent feature of most components.

These results suggest an overall slowdown in social progress in the most recent decade.
Comparing the last five years to the preceding three periods reveals a substantial slowdown
for the Index, all dimensions and eleven components. This trend is also apparent when
examining the level of progress of individual countries over time. It can be shown for
example, that the most recent period recorded the highest number of countries either in

decline or in stagnation in terms of the overall Index.

Country level results

Social progress performance varies widely across countries. While countries’ scores are more
similar in 2020 than they were in 1990, variability remains high. The biggest gains in terms
of narrowing the spread in country performance were achieved in Basic Human Needs.
Foundations of Wellbeing recorded the largest overall increase whereas Opportunity lagged
both on the overall improvement, as well in terms of bringing countries closer together.
Component level analysis provides further insight (see Annex I and Annex J in the online
supplementary file).

Despite turbulent developments and uneven achievements across countries, seven of the top
10 performers in 1990 retained their top position also in 2020. Of the three countries that
have lost their premiership, the United States declined the most, falling to 31st place
(Belgium 12*, Australia 14™). On the other hand, Iceland improved by 11 places to make it
to the top 4 in 2020 (Austria improved by 7 and Netherlands by 3 places respectively).
Similarly, five of the bottom performers in 1990 still find themselves among the bottom ten
31 years later. Among these bottom countries that improved, Angola achieved the greatest
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jump (14 places) taking the 152" place in 2020. See Annex K in the online supplementary
file for the top and bottom 10 performers in 1990 and 2020.

While almost all countries improved significantly in terms of the Index score (148 out 170
countries improved by 10 and more points)'®, the gains were unevenly distributed. The top
5 improvers in terms of score change were Bhutan (429.73pts); Maldives (+27.68pts);
Myanmar (+26.96pts); Ethiopia (+26.85pts); Cambodia (+26.09pts). At the other end of
the spectrum, countries that did not do so well are Venezuela (-2.42pts); Tajikistan
(+0.53pts); Nicaragua (44.83pts); Belarus (+4.97pts); and Ukraine (+5.54pts). It should be
noted, however, that while only one country declined over the 31-year period, more countries
experienced declines in the most recent years as discussed above.

Furthermore, the uneven distribution of absolute gains was reflected in the relative order of
countries, i.e., in ranks. Countries that improved the most in this regard were the Maldives
(improved by 39 ranks), Bhutan (38), South Africa (34), Albania (33), and Cabo Verde (26).
At the other end, the countries that declined the most were Venezuela (decline by 59 ranks),
Tajikistan (45), Nicaragua (40), Turkmenistan (37), and North Korea (37).

Countries with initially lower scores achieved higher gains in social progress over the 31
years — this is indicated by a high negative correlation (r = -0.53) between countries’ initial
level of social progress (in 1990) and the change in points over the 1990-2020 period. This
is, to some extent, the consequence of the bounded nature of the Index, meaning that
countries closer to the best-case scenarios have slower growth rates than countries further
away from them. Therefore, it is useful to look at the performance of countries also from the
perspective of distance reduction to the best-case scenario. In this regard, the most successful
country over 1990-2020 was South Korea, which reduced its distance by 64.9%, followed by
Iceland (64.3%), Ireland (62.9%) and Switzerland (62.6%). The bottom 5 performers are
Venezuela (-7.4%), Tajikistan (1.2%), Central African Republic (9.4%), North Korea
(10.2%), and Nicaragua (11.2%). The correlation between countries’ initial level of social
progress and the percentage of distance reduced is positive and stronger (0.64), showing that
countries with higher initial levels of social progress are better in closing the gap to the ideal
performance. However, it can be argued that focusing on the reduction of the distance
discriminates against countries with initially the lowest scores since they have the longest
distance to cover (Easterly, 2009).

5 Conclusion

Despite conceptual and measurement challenges, we constructed a new Social Progress Index
spanning 31 years and covering 172 countries entirely and further 24 countries partially. The

16 Two countries are not considered as their data only became available later - Timor-Leste and South Sudan.
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Social Progress Index 1990-2020 was built using only publicly available data and credible
sources, and it represents an unprecedented effort in measuring the quality of life globally,
over an extensive time period. However, there are considerations that should be taken into
account when interpreting the results.

The Index is built in the present mind-set and only measures what was feasible to measure
due to data limitations, which entails that many issues are not captured directly by the
Index, including the most recent years and the impact of the Covid-19 pandemic. These
challenges required some uncommon solutions in terms of missing values imputations and

data transformations, but statistical validation confirms the Index is a robust metric.

While the results indicate there was an overall increase in social progress performance
globally from 1990-2020'", a closer analysis reveals that this progress has been very uneven
in terms of (i) elements of social progress, (ii) progress over time, and also (iii) distribution
of progress across countries. Only a few components improved consistently over time, with
reduced differences among countries. Some other areas stagnated or even declined over the
31-year period. During the last decade, and especially since 2015, the Index shows an overall
slowdown in almost all elements of social progress.

Differences between countries persist in terms of social progress levels, as well as in
trajectories. While many successful countries remain successful, and many unsuccessful
countries struggle to achieve significant progress, there are many examples of countries that
improved over time, but also of those that declined.

While this paper and its accompanying on-line annexes provide an overview of the findings,
we acknowledge that a more detailed analysis of the Index results would be both possible
and highly valuable. However, such an effort would require either a significant shift from
the methodological focus, or an extensive expansion of the paper. Therefore, we plan to
undertake a more detailed exploration of the results in future research, and we also encourage
other researchers interested in measuring social progress and societal wellbeing to utilize the
presented findings for their own analytical and research purposes.
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Annex A: Indicator list, best- and worst-case scenarios, and indicators’ weights

Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
Deaths from (deaths/100,000) Death rate caused by Institute for Health 0.00 1395.28 | Yes 16.7%
infectious HIV/AIDS, tuberculosis, Metrics and
diseases diarrhoea, intestinal infections, | Evaluation, Global
respiratory infections, otitis Burden of Disease,
media, meningitis, encephalitis, | edition 2019
diphtheria, whooping cough,
tetanus, measles, varicella,
herpes zoster, malaria, Chagas
disease, leishmaniasis,
trypanosomiasis,
o schistosomiasis, cysticercosis,
= cystic echinococcosis,
9 lymphatic filariasis,
3 .§ onchocerciasis, trachoma,
:%8 g dengue, yellow fever, rabies,
g o intestinal nematode infections,
g é food-borne trematodiases,
fas - leprosy, ebola, zika virus,
'% 8 guinea worm disease, sexually
ﬁg ‘S transmitted diseases (excluding
7 HIV), hepatitis, and other
E infectious diseases per 100,000
people.
Child mortality (deaths/1,000 live | Probability of dying between UN Inter-agency 0.00 220.90 | Yes 17.7%
births) birth and exactly 5 years of Group for Child
age, expressed per 1,000 live Mortality
births. Estimation
Child stunting (% of pop.) Prevalence of stunting in Institute for Health 0.00 63.40 | Yes 17.0%
children under 5 years of age. Metrics and
Evaluation, SDGs
Maternal (deaths/100,000 Maternal deaths per 100,000 Institute for Health 0.00 971.55 | Yes 17.5%
mortality live births) livebirths in women aged 10-54 | Metrics and

years.

Evaluation, SDGs
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Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
Nutritional (% of pop.) Age-standardized prevalence of | Institute for Health 0.00 0.52 | Yes 16.2%
deficiencies nutritional deficiencies. Metrics and
Evaluation, Global
Burden of Disease,
edition 2019
Diet low in fruits | (0=low risk; Risk-weighted, age- authors' calculations 0.00 100.00 | Yes 15.0%
and vegetables 100=high risk) standardized, average based on supportive
prevalence of nutrition low in indicators
fruits and vegetables as
measured by the summary
exposure value.
Improved (proportion of Proportion of population with Institute for Health 1.00 0.03 | No 25.3%
sanitation pop.) access to improved toilet types | Metrics and
as defined by the Joint Evaluation, Global
Monitoring Program (JMP). Burden of Disease,
g covariates, edition
'*3 2019
‘5 Improved water (proportion of Proportion of population with Institute for Health 1.00 0.13 | No 24.3%
(‘fg source pop.) access to improved water Metrics and
-c% sources as defined by the Joint | Evaluation, Global
5 Monitoring Program (JMP). Burden of Disease,
] covariates, edition
= 2019
No access to a (0=low risk; Risk-weighted prevalence of Institute for Health 0.00 100.00 | Yes 25.3%

handwashing
facility

100=high risk)

populations without access to a
handwashing facility, as

measured by the summary

Metrics and
Evaluation, SDGs
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Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
exposure value (SEV) for
unsafe hygiene (%).
Deaths from (deaths/100,000) Death rate attributable to Institute for Health 0.00 309.32 | Yes 25.1%
unsafe water, unsafe water, sanitation and Metrics and
sanitation and hygiene per 100,000 people. Evaluation, Global
hygiene Burden of Disease,
edition 2019
Deaths from (deaths/100,000) Death rate caused by Institute for Health 0.00 319.88 | Yes 33.6%
household air household air pollution from Metrics and
pollution solid fuels per 100,000 people. Evaluation, Global
Household air pollution Burden of Disease,
includes exposure to edition 2019
particulate matter less than 2.5
microns in diameter (PM2.5)
due to the use of solid fuels for
cooking, including coal,
charcoal, wood, agricultural
residue, and animal dung.
Access to (% of pop.) The percentage of the World Bank World 100.00 0.53 | No 33.1%
E electricity population with access to Development
E electricity. Indicators, and
2 supportive indicator
from Our World In
Data
Prevalence of (proportion of Household prevalence of Institute for Health 0.00 1.00 | Yes 33.3%

cooking with
coal /biomass

pop.)

cooking with coal or biomass

Metrics and
Evaluation, Global
Burden of Disease,
covariates, edition
2019
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Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
Interpersonal (deaths/100,000) Deaths per 100,000 people from | Institute for Health 0.00 103.61 | Yes 12.2%
violence interpersonal violence. Metrics and
Interpersonal violence is Evaluation, Global
defined as death or disability Burden of Disease,
from intentional use of physical | edition 2019
force or power, threatened or
actual, from another person or
group not including military or
police forces.
Deaths from (deaths/100,000) Age-standardised death rate Institute for Health 0.00 65.33 | Yes 21.7%
road injuries due to road injuries. Metrics and
Evaluation, SDGs
Political killings (0=low freedom; Physical violence index is Varieties of 1.00 0.00 | No 23.0%
o and torture 1=high freedom) based on indicators that reflect | Democracy (V-
E violence committed by Dem), Dataset
3 government agents and that Version 12
Té are not directly referring to
) elections.
E Intimate partner | (% of women aged | Age-standardised prevalence of | Institute for Health 0.00 52.37 | Yes 20.6%
violence against 15+4) ever-partnered women aged 15 | Metrics and
women years and older who Evaluation, SDGs,
experienced physical or sexual 2019 update
violence by a current or former
intimate partner in the last 12
months (%).
Political violence | (0=no violence; Political violence as the use of | Varieties of 0.00 4.00 | Yes 22.4%

4=violence often)

physical force to achieve
political objectives by non-
state actors. The restriction to
political objectives excludes
profit-driven crime-related
violence. By non-state actors
are individuals or entities that

Democracy (V-
Dem), Dataset
Version 12
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Dimension

Component

Indicator name

Unit of
measurement

Definition

Source

Best
case
scenario

Worst
case
scenario

Inverted
(Y=yes,
N=no)

Weight

are not formally part of the
state. Thus, politically oriented
militias and youth groups
count as non-state actors even
though they might potentially
be informally affiliated with
the ruling party or the state.
Political violence against
persons excludes psychological
and symbolic violence (e.g.
destruction of objects).

Foundations of Wellbeing

Access to Basic Knowledge

Population with
no education

(proportion of
pop.)

Proportion of population (age-
standardized) with 0 years of
education.

authors' calculations
based on supportive
indicators

0.00

0.94

Yes

27.6%

Equal access to
quality education

(0O=unequal;
4=equal)

Country experts' aggregated
evaluation of the question, "To
what extent is high quality
basic education guaranteed to
all, sufficient to enable them to
exercise their basic rights as
adult citizens?"

Varieties of
Democracy (V-
Dem), Dataset
Version 12

4.00

0.00

No

22.2%

Gender parity in
basic education

(distance from
parity)

The absolute deviation from
parity (=1) in education
attainment of women and men
with some but less than 12

years of education.

authors' calculations
based on supportive
indicators

0.03

0.78

23.3%

Mean years of
schooling

(years)

Average number of completed
years of schooling of a
country's population aged 25
years and older.

UNDP, Human
Development Index
2021

15.00

0.29

No

26.9%
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Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
Internet users (% of pop.) The estimated number of World Bank World 100.00 0.00 | No 39.7%
Internet users out of the total Development
a population, using the Internet Indicators
'.% from any device (including
é mobile phones) in the last 12
E months.
g Mobile and (subscriptions/100 | Subscriptions to mobiles and authors' calculations 100.00 0.00 | No 40.1%
o landline people) landlines. based on supportive
g telephone indicators
g subscriptions
'-g Alternative (0=low; 1=high) Country experts' aggregated Varieties of 1.00 0.00 | No 20.2%
é sources of evaluation of the questions: To | Democracy (V-
“g information what extent is the media (a) Dem), Dataset
': un-biased in their coverage or Version 12
- lack of coverage of the
g opposition, (b) allowed to be
< critical of the regime, and (c)
representative of a wide array
of political perspectives?
Life expectancy (years) The average number of years Institute for Health 29.17 9.24 | No 26.6%
at 60 that a person of 60 to 64 years | Metrics and
of age could expect to live, if Evaluation, Global
he or she were to pass through | Burden of Disease,
% life exposed to the sex- and edition 2019
% age-specific death rates
= prevailing at the time of his or
"g her 60 years, for a specific year,
2 in a given country, territory, or
ﬁd geographic area.
é Premature (deaths/100,000) Mortality rate due to Institute for Health 0.00 1147.06 | Yes 23.5%

deaths from non-
communicable

diseases

cardiovascular diseases,
cancers, diabetes, and chronic
respiratory diseases among
populations aged 30-70 years.

Metrics and
Evaluation, SDGs

76




Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
Equal access to (0O=unequal; Country experts' aggregated Varieties of 4.00 0.00 | No 22.9%
quality 4=equal) evaluation of the question, "To | Democracy (V-
healthcare what extent is high quality Dem), Dataset
basic healthcare guaranteed to | Version 12
all, sufficient to enable them to
exercise their basic political
rights as adult citizens?"
Universal health | (% of pop.) The universal health coverage Institute for Health 100.00 8.49 | No 27.0%
coverage (UHC) measures the coverage Metrics and
of 9 tracer interventions and Evaluation, Global
risk-standardized death rates Burden of Disease,
from 32 causes amenable to covariates, edition
personal healthcare, including 2019
vaccine-preventable diseases
(e.g., diphtheria, tetanus,
measles), respiratory infections,
cancer (breast, cervical,
uterine, testicular), heart
diseases, diabetes, kidney
disease), and the adverse
effects of medical treatment.
Deaths from (deaths/100,000) Age-standardized death rate Institute for Health 0.00 175.68 | Yes 24.9%
outdoor air per 100,000 people attributable | Metrics and
5 pollution to ambient particulate matter Evaluation, Global
% pollution, including emissions Burden of Disease,
5, from industrial activity, edition 2019
= households, cars and trucks.
g Deaths from lead | (deaths/100,000) Age-standardized death rate Institute for Health 0.00 101.95 | Yes 26.7%
g exposure per 100,000 people attributable | Metrics and
‘g to lead exposure. Lead Evaluation, Global
é exposure is defined as acute Burden of Disease,

exposure, measured by
micrograms of lead per decilitre
of blood, and chronic exposure,

edition 2019
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Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
measured by micrograms of
lead per gram of bone.
Particulate (mean annual Population-weighted mean Institute for Health 0.00 102.37 | Yes 27.8%
matter (2.5) exposure, jig/m3) levels of the particulate matter | Metrics and
pollution smaller than 2.5 microns in Evaluation, SDGs
aerodynamic diameter
(PM2.5).
Species (0=low; 100=high) | The Species Protection Index Environmental 100.00 0.00 | No 20.6%
protection measures how well a country's Performance Index
terrestrial protected areas
overlap with the ranges of its
vertebrate, invertebrate, and
plant species. The Index is
calculated using remote sensing
data, global biodiversity
informatics, and integrative
models to map suitable habitat
for over 30,000 terrestrial
species at high resolutions.
Access to justice | (0=non-existent; Country experts' aggregated Varieties of 1.00 0.00 | No 16.6%
1=observed) evaluation of the question, "Do | Democracy (V-
citizens enjoy secure and Dem), Dataset
effective access to justice?" Version 12
n Freedom of (0=no freedom,; Country experts' aggregated Varieties of 4.00 0.00 | No 15.1%
.‘? fﬁ religion 4=full freedom) evaluation of the question, "Is Democracy (V-
E ig there freedom of religion?" Dem), Dataset
é g Version 12
oa“ % Political rights (1=full rights; An evaluation of three Freedom House 1.00 7.00 | Yes 17.5%
[a W}

7=no rights)

subcategories of political rights:

electoral process, political
pluralism and participation,
and functioning of government
on a scale from 0 (no political
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Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
rights) to 40 (full political
rights).
Property rights (0=no rights; Country experts' aggregated Varieties of 5.00 0.00 | No 15.5%
for women 5=full rights) evaluation of the question, "Do | Democracy (V-
women enjoy the right to Dem), Dataset
private property?" Version 12
Freedom of (0=no freedom; Country experts' aggregated Varieties of 4.00 0.00 | No 17.5%
assembly 4=full freedom) evaluation of the question, "To | Democracy (V-
what extent do state Dem), Dataset
authorities respect and protect | Version 12
the right of peaceful
assembly?"
Freedom of (0=low; 1=high) Country experts' aggregated Varieties of 1.00 0.00 | No 17.8%
discussion evaluation of the question, Democracy (V-
"Are citizens able to openly Dem), Dataset
discuss political issues in Version 12
private homes and in public
spaces?"
Satisfied demand | (% satisfied The percentage of total United Nations 100.00 1.70 | No 20.8%
for contraception | demand) demand for family planning Population Division
among married or in-union
§ women aged 15 to 49 that is
60 satisfied with modern methods.
o Public sector (0=low corruption; | The perceived level of public Varieties of 0.00 1.00 | Yes 21.3%
8 corruption 1=high sector corruption based on Democracy (V-
g corruption) expert opinion, measured on a Dem), Dataset
g scale from 0 (highly corrupt) to | Version 12
= 100 (very clean).
'?é Early marriage (% of married The percentage of women aged | United Nations 0.00 50.69 | Yes 21.3%
@ women aged 15- 15-19 years who are married or | Population Division
~ 19) in-union.
Vulnerable (% of total Contributing family workers World Bank World 0.00 95.07 | Yes 22.5%
employment employment) and own-account workers as a Development
Indicators
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Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
percentage of total
employment.
Freedom of (0=low; 1=high) Country experts' aggregated Varieties of 1.00 0.00 | No 14.1%
domestic evaluation of the question, "Do | Democracy (V-
movement citizens enjoy freedom of Dem), Dataset
movement and residence?" Version 12
Equal protection | (0=low; 1=high) Country experts' aggregated Varieties of 1.00 0.00 | No 25.9%
of social groups evaluation of the question, Democracy (V-
"How equal is the protection of | Dem), Dataset
rights and freedoms across Version 12
social groups by the state?"
Equal access to (0=low; 1=high) Country experts' aggregated Varieties of 1.00 0.00 | No 26.0%
power evaluation of the question, Democracy (V-
"How equal is access to Dem), Dataset
] power?" Version 12
% Power (0O=extremely Country experts' aggregated Varieties of 3.00 0.00 | No 24.3%
'é distributed by unequal; 3=equal) evaluation of the question, "To | Democracy (V-
o) sexual what extent is political power Dem), Dataset
S orientation distributed according to sexual | Version 12
orientation?"
Access to public (0O=extremely Country experts' aggregated Varieties of 4.00 0.00 | No 23.8%
services unequal; 4=equal) | evaluation of the question, Democracy (V-
distributed by "Are basic public services, such | Dem), Dataset
social group as order and security, primary Version 12
education, clean water, and
healthcare, distributed equally
across social groups?"
"é Respect for (0=low; 1=high) Country experts' aggregated Varieties of 1.00 0.00 | No 18.1%
g o academic evaluation of the question, "To | Democracy (V-
2 .g freedom what extent is academic Dem), Dataset
i § freedom respected?" Version 12
E a Population with (proportion of Proportion of population (age- | authors' calculations 0.85 0.01 | No 28.0%
§ advanced pop.) standardized) with at least 12 based on supportive
< education years of education. indicators
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Dimension | Component | Indicator name Unit of Definition Source Best Worst Inverted | Weight
measurement case case (Y=yes,
scenario | scenario N=no)
Years of tertiary | (years) Number of years a person of UN Educational, 5.00 0.01 | No 27.6%
schooling tertiary school entrance age Scientific, and
can expect to spend within Cultural
tertiary education. Organization
Institute for
Statistics
Gender parity in | (distance from The absolute deviation from authors' calculations 0.03 0.88 | Yes 26.3%

advanced
education

parity)

parity (=1) in advanced
education attainment of
women and men with at least

12 years of education.

based on supportive
indicators
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Annex B: Supportive indicators

Dimension

Component

Indicator name

Unit of measurement

Source

Basic Human
Needs

Shelter

Access to electricity

(% of pop.)

Our World in Data, 1990-2016 series

Basic Human
Needs

Nutrition and Basic
Medical Care

Diet low in fruits

(0=low risk; 100=high
risk)

Institute for Health Metrics and Evaluation, Global
Burden of Disease, edition 2019

Basic Human
Needs

Nutrition and Basic
Medical Care

Diet low in vegetables

(0=low risk; 100=high
risk)

Institute for Health Metrics and Evaluation, Global
Burden of Disease, edition 2019

communications

Foundations of Access to Mobile telephone (subscriptions/100 World Bank World Development Indicators
Wellbeing information and subscritpions people)

communications
Foundations of Access to Landline telephone (subscriptions/100 World Bank World Development Indicators
Wellbeing information and subscriptions people)

Foundations of

Wellbeing

Access to Basic

Knowledge

Women with basic

education

(proportion of women)

Institute for Health Metrics and Evaluation, Global

Burden of Disease, covariates, edition 2019

Foundations of

Access to Basic

Men with basic

(proportion of men)

Institute for Health Metrics and Evaluation, Global

Education

education

Wellbeing Knowledge education Burden of Disease, covariates, edition 2019

Opportunity Access to Advanced Women with (proportion of women) Institute for Health Metrics and Evaluation, Global
Education advanced education Burden of Disease, covariates, edition 2019

Opportunity Access to Advanced Men with advanced (proportion of men) Institute for Health Metrics and Evaluation, Global

Burden of Disease, covariates, edition 2019
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Annex C: Data Sources

Environmental Performance Index
Wolf, M. J., Emerson, J. W., Esty, D. C., de Sherbinin, A., & Wendling, Z. A. (2022). 2022 Environmental Performance Index [New
Haven, CT: Yale Center for Environmental Law & Policy.]. https://epi.yale.edu/

Freedom House
Freedom House. (2022). FREEDOM IN THE WORLD 2022. Available from: https://freedomhouse.org/sites/default /files/2022-
02/FIW_2022_PDF_ Booklet_ Digital Final Web.pdf

Institute for Health Metrics and Evaluation, Global Burden of Disease, edition 2019
Global Burden of Disease Collaborative Network. (2020a). Global Burden of Disease Study 2019 (GBD 2019) [dataset]. Institute for
Health Metrics and Evaluation (IHME)

Institute for Health Metrics and Evaluation, Global Burden of Disease, covariates, edition 2019
Global Burden of Disease Collaborative Network. (2020b). Global Burden of Disease Study 2019 (GBD 2019) Covariates 19580-2019
[dataset]. Institute for Health Metrics and Evaluation (IHME). https://doi.org/10.6069/CFCY-WA51

Institute for Health Metrics and Evaluation, SDGs dataset
Institute for Health Metrics and Evaluation (IHME). (2018). Health-related SDGs. Available from http://vizhub.healthdata.org/sdg

UNDP, Human Development Index
UNDP. (2022). Documentation and downloads. In Human Development Reports. United Nations. https://hdr.undp.org/data-

center/documentation-and-downloads

UN Educational, Scientific, and Cultural Organization Institute for Statistics
UNESCO Institute for Statistics (UIS). (2022). UNESCO Institute for Statistics (ULS). http://data.uis.unesco.org/
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UN Inter-agency Group for Child Mortality Estimation
CME Info—Child Mortality Estimates. (2022). Available from https://childmortality.org/

United Nations Population Division
United Nations Population Division. (2022). Home Page | Data Portal. Population Division Data Portal.
https://population.un.org/dataportal /

Varieties of Democracy (V-Dem), Dataset Version 12

Coppedge, Michael, John Gerring, Carl Henrik Knutsen, Staffan I. Lindberg, Jan Teorell, Naz- ifa Alizada, David Altman, Michael
Bernhard, Agnes Cornell, M. Steven Fish, Lisa Gastaldi, Haakon Gjerlgw, Adam Glynn, Sandra Grahn, Allen Hicken, Garry
Hindle, Nina Ilchenko, Katrin Kinzelbach, Joshua Krusell, Kyle L. Marquardt, Kelly McMann, Valeriya Mechkova, Juraj
Medzihorsky, Pamela Paxton, Daniel Pemstein, Josefine Pernes, Oskar Ryd en, Johannes von R omer, Brigitte Seim, Rachel
Sigman, Svend-Erik Skaaning, Jeffrey Staton, Aksel Sund- str'om, Eitan Tzelgov, Yi-ting Wang, Tore Wig, Steven Wilson and
Daniel Ziblatt. (2022). V-Dem Dataset 2022 [dataset]. Varieties of Democracy (V-Dem) Project.
https://doi.org/10.23696/ VDEMDS22

World Bank World Development Indicators
World Bank. (2022). World Development Indicators | DataBank. https://databank.worldbank.org/source/world-development-

indicators#

Our World in Data
Our World in Data. (2021, July 21). Electricity access. Our World in Data. Data are no longer available. Retrieved from:
https://ourworldindata.org/grapher/share-of-the-population-with-access-to-electricity
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Annex D: Social Progress Index - conceptual framework

BASIC HUMAN NEEDS FOUNDATIONS OF WELLBEING OPPORTUNITY

O Nutrition & Basic Medical Care

Do people have enough food to eat and
are they receiving basic medical care?

o Water & Sanitation
Can people drink water and keep

themselves clean without getting sick?

@ svoner

Do people have adequate housing with

basic utilities?

Personal Safety
Are people safe?

Source: Social Progress Imperative (2022b).

@ Access to Basic Knowledge

Do people have access to an
educational foundation?

@ Access to Information &
' Communications

Can people freely access ideas and
information from anywhere in the
world?

@ Health & Wellness

Da peaple live long and healthy lives?

LA e

@ Environmental Quality

Does the environment support societal
well-being?
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@ Personal Rights

Are people’s rights as individuals
protected?

O Personal Freedom & Choice

Are people free to make their own life
choices?

) Inclusiveness

Is no one excluded from the opportunity
to be a contributing member of society?

" Access to Advanced Education

Do people have access to the world's
most advanced knowledge?



Annex E: Statistical validation results

Component Factor 1 Factor 1 Factor 2 Alpha KMO

eigenvalue proportion eigenvalue

(1) (2) 3) (4) (5)
Nutrition & Basic Medical Care 4.62 0.77 0.47 0.94 0.89
Water & Sanitation 3.40 0.85 0.26 0.94 0.86
Shelter 2.80 0.93 0.13 0.96 0.77
Personal Safety 2.42 0.48 0.92 0.72 0.68
Access to Basic Knowledge 3.01 0.75 0.67 0.89 0.71
Access to Information & 1.95 0.65 0.88 0.70 0.54
Communications
Health & Wellness 3.04 0.76 0.64 0.89 0.71
Environmental Quality 2.11 0.53 0.80 0.70 0.67
Personal Rights 4.62 0.77 0.50 0.94 0.90
Personal Freedom & Choice 3.00 0.60 0.88 0.83 0.80
Inclusiveness 2.96 0.74 0.46 0.88 0.79
Access to Advanced Education 2.75 0.69 0.74 0.84 0.78
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Source: authors’ calculations. Note: There should be only one determining factor per component (eigenvalue >1). This is shown in
columns (1), (2), and (3). The Cronbach’s Alpha (column 4) provides a measure of internal consistency of indicators within a component,
and as an applied rule of thumb, it should be above 0.7. The Kaiser-Meyer-Olkin (KMO) measure evaluates the goodness of fit of
indicators within each component by reflecting the proportion of variance among variables that might be the common variance. The
mean KMO should be above 0.5 (column (5).

Annex F: Spearman rank correlations of the applied methodology with three alternative options.

Option SPI BHN Fow OPP
unw__arithm 0.99 0.99 0.99 0.99
unw__geom 0.96 0.99 0.92 0.97
pcf 0.99 0.99 0.99 0.99

Source: authors’ calculations. Note: The alternative options to the baseline (i.e., the applied calculation methodology) are the following;:
(i) unweighted arithmetic averaging in all stages (unw_arithm); (ii) unweighted geometric averaging in all stages (unw_geom); (iii)
PCF-generated weights and aggregation in all stages (pcf).

Annex F.2: Descriptive statistics of differences in rankings based on the applied aggregation methodology against three alternative
options

1st 3rd

Ranks differences No. of obs. st.dev.| min . | median . max
quartile quartile

SPI standard vs. pcf 5297 (170-172 ranks yearly for all 31 years) 2.74 -12 -1 0 1 12
SPI standard vs.

Standard vs 5297 (170-172 ranks yearly for all 31 years) | 1.82 | -9 1 0 1 10
unw__arithm
SPI standard vs.

5297 (170-172 ranks yearly for all 31 years) 11.24 -64 -2 1 6 31

unw__geom
BHN standard vs. pcf 5297 (170-172 ranks yearly for all 31 years) 2.87 -10 -2 0 2 15
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BHN standard vs.
unw__arithm
BHN standard vs.
unw__geom

FOW standard vs. pcf 5297 (170-172 ranks yearly for all 31 years) 3.48 -18 -2 0 2 17
FOW standard vs.
unw__arithm
FOW standard vs.
unw_geom

OPP standard vs. pcf 5297 (170-172 ranks yearly for all 31 years) 1.64 -10 -1 0 1 11
OPP standard vs.

unw__arithm
OPP standard vs.

unw__geom

5297 (170-172 ranks yearly for all 31 years) 1.92 -13 -1 0 1 9

5297 (170-172 ranks yearly for all 31 years) 6.30 -58 -2 1 3 20

5297 (170-172 ranks yearly for all 31 years) 4.21 -20 -2 0 2 14

5297 (170-172 ranks yearly for all 31 years) 14.01 | -100 -4 1 7 69

5297 (170-172 ranks yearly for all 31 years) 2.26 -14 -1 0 1 10

5297 (170-172 ranks yearly for all 31 years) 11.39 -82 -3 1 5 30

Source: authors’ calculations. Note: The alternative options to the baseline (i.e., the applied standard calculation methodology) are the
same as specified above (in Annex F). The results show that there are some significant differences in the rankings of individual countries,
especially between the baseline ranking and that based on the geometric aggregation (unw__geom). This is evident from the values of the
standard deviations, as well as from the minima and maxima which record (clearly) the highest values. Some countries drop significantly
in the ranking when the geometric aggregation is used. The main reason for this is the uneven performance of countries in the Opportunity
dimension (compared to the other two dimensions), and it is especially the case for countries from Eastern Europe (Russia, Belarus),
Central Asia (Uzbekistan, Kazakhstan), the Gulf (Saudi Arabia, Qatar), as well as for some others (Cuba, North Korea).
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Annex G: Index, dimension, and component world scores 1990-2020
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Explanations:

BHN - Basic Human Needs;
FOW - Foundations of
Wellbeing;

OPP — Opportunity;

NBMC — Nutrition and Basic
Medical Care;

WS — Water and Sanitation;
SH — Shelter;

PS — Personal Safety;

ABK — Access to Basic
Knowledge;

AIC — Access to Information and
Communication;

HW — Health and Wellness;
EQ — Environmental Quality;
PR — Personal Rights;

PFC — Personal Freedom and
Choice;

INCL — Inclusiveness;

AAE — Access to Advanced
Education.



Annex H: Change in social progress over time

Entire Decades Five-year periods
Index od
elements 19%?;_1;020 1990-2000 2000-2010 2010-2020 | 1990-1995 1995-2000 2000-2005 2005-2010 2010-2015 2015-2020
SPI 13.43 4.23 5.64 3.56 1.81 2.42 2.59 3.05 2.24 1.32
BHN 13.60 4.68 5.19 3.73 2.08 2.60 2.75 2.44 2.21 1.52
FOW 19.63 3.69 8.84 7.10 1.46 2.23 3.27 5.57 4.06 3.04
OPP 7.04 4.31 2.88 -0.15 1.88 2.43 1.74 1.14 0.46 -0.61
NBMC 12.23 4.05 4.90 3.28 1.79 2.26 2.66 2.24 2.05 1.23
WS 17.34 6.09 6.34 491 3.13 2.96 3.33 3.01 2.70 2.21
SH 22.82 7.29 7.69 7.84 3.36 3.93 3.56 4.13 4.15 3.69
PS 2.01 1.26 1.86 -1.11 0.03 1.23 1.48 0.38 -0.07 -1.04
ABK 11.49 5.30 3.73 2.46 2.89 2.41 1.98 1.75 1.47 0.99
AIC 53.32 6.39 26.11 20.82 1.72 4.67 8.60 17.51 12.06 8.76
HW 12.24 3.65 6.01 2.58 1.36 2.29 2.83 3.18 1.44 1.14
EQ 1.49 -0.59 -0.46 2.54 -0.13 -0.46 -0.32 -0.14 1.27 1.27
PR 0.63 5.68 0.52 -5.57 2.56 3.12 1.09 -0.57 -2.65 -2.92
PFC 8.01 3.84 2.59 1.58 1.76 2.08 1.42 1.17 1.52 0.06
INCL -1.65 1.35 0.59 -3.59 0.08 1.27 0.50 0.09 -0.82 -2.77
AAE 21.18 6.40 7.79 6.99 3.13 3.27 3.94 3.85 3.80 3.19

Source: authors’ calculations, note: the values indicate the difference between the final and the initial year of each respective period,
positive gains entail an increase in score, whereas a loss entails the opposite.
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Annex I: Index and dimension-level scores distribution in 1990 and 2020
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Source: authors’ calculations. Explanations: SPI — Social Progress Index; BHN — Basic Human Needs;
FOW — Foundations of Wellbeing; OPP — Opportunity.
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Annex J: Component-level scores distribution in 1990 and 2020
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Source: authors’ calculations. Explanations:

NBMC — Nutrition and Basic Medical Care; WS — Water and Sanitation; SH — Shelter; PS

— Personal Safety; ABK — Access to Basic Knowledge; AIC — Access to Information and Communication; HW — Health and Wellness;
EQ — Environmental Quality; PR — Personal Rights; PFC — Personal Freedom and Choice; INCL — Inclusiveness; AAE — Access to

Advanced Education.
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Annex K: Top and bottom performing countries

in 1990 and 2020

Top 10 performers in

Top 10 performers in

Bottom 10 performers

Bottom 10 performers

1990 2020 in 1990 in 2020

1 Canada 84.56| 1 Switzerland 93.66|161 CAR 27.30|163 Niger 43.92

2 Sweden 84.34 2 Norway 93.51(162 DRC 27.06 (164 Guinea 43.12
Guinea-

3 Norway 83.76| 3 Denmark 93.50|163 Bissau 25.20(165 Afghanistan 42.28

4 Denmark 83.75| 4 Iceland 92.99(164 Chad 24.81 (166 Burundi 39.63
Equat.

5 Switzerland 83.04| 5 Germany 92.67(165 Guinea 24.58 1167 Yemen 39.30

6 Finland 82.79| 6 Finland 92.61(166 Angola 23.56 168 Eritrea 37.05

7 Germany 81.92| 7 Sweden 92.22|167 Eritrea 21.83(169 Chad 35.19

United
8 States 81.55| 8 Netherlands 92.15[168 Afghanistan 20.44(170 CAR 34.13
9 Belgium 81.53| 9 Canada 92.14|169 Somalia 19.67|171 Somalia 33.33
South
10 Australia 81.01[10 Austria 91.82]|170 Ethiopia 19.61 (172 Sudan 30.82

Source: authors’ calculations
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SDG10: Inequalities beyond income. A worldwide
longitudinal perspective through the lens of the
Social Progress Index

Petra Krylova, Jests Peir6-Palomino, Mohamed Htitich & Jaromir Harméacek

1 Introduction

Inequality has resurfaced to the forefront of political and policy agendas in recent years, but
it has been part of policy and political debates as well as research efforts for centuries. It is
a complex and multidimensional concept that is difficult to define and to measure as it
intersects all realms of life. Understanding what inequality is and what it means to people
evolved over time and so did the measurement approaches. Koh (2020, p. 269) defines
inequality as a ‘phenomenon of unequal and/or unjust distribution of resources and
opportunities among members of a given society [which] encompasses distinct yet overlapping

economic, social, and spatial dimensions’.

The Millennium Development Goals (MDG), adopted in 2000, included some aspects of
inequality, especially in MDG 3 Promote Gender Equality and Empower Women, MDG 1
FEradicate Extreme Poverty and Hunger, and MDG 8 Global Partnership for Development.
However, it was not until the Sustainable Development Goals (SDG) were adopted in 2015
that reducing inequality was finally agreed as an explicit global policy target.

In the context of the Sustainable Development Goals, inequality is addressed by SDG 10
which aims to reduce income inequality within and among countries. SDG 10 further includes
ten specific targets with corresponding indicators to be achieved by 2030. These are broad
and relate to many societal aspects, including economic development, equal opportunities,
institutional fairness and political inclusion, but also migration, global financial markets and
the position of developing countries. While this is not a comprehensive set of targets, some
refer to people, others to countries, some are not quantified and aim to ‘encourage’ and
‘facilitate’(i.e. Goal 10.7 and 10.b, respectively), it is important to acknowledge that unlike
the MDGs, in which inequality was intersected across a number of goals, the SDGs put

inequality explicitly on the global agenda, which is an important message in and of itself.

It should be noted however, that inequality is also intersected in most other goals, either
directly: SDG 5 (Gender equality), SDG 4 (Quality education), SDG 3 (Good health and
wellbeing), SDG 1 (No poverty), SDG 2 (Zero Hunger), SDG 7 (Affordable and clean
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energy), SDG 8 (Decent work and economic growth), SDG 11 (Sustainable cities and
communities), SDG 9 (Industry, innovation and infrastructure), SDG 16 (Peace, justice and
strong institutions) or indirectly in SDG 13 (Climate action), SDG 14 (Life below water),
SDG 15 (Life on land) and SDG 17 (Partnerships for the goals).

In summarising progress for Goal 10, the United Nations Development Programme (UNDP)
highlights different aspects of income inequality (UNDP, 2024). Yet, inequality is about much
more than income and economic factors, and the SDGs should lead the way for broadening

the discussion.

Especially since the most recent economic crises, the effort to move beyond GDP emphasised
the need to broaden our assessment of wellbeing and country performance beyond solely
economic framing (see Stiglitz, Sen & Fitoussi, 2010; Fleurbaey & Blanchet, 2022). In recent
years a multitude of composite indicators have been proposed by research as well as policy
institutions (for example OECD, 2020; The Legatum Institute, 2019; Sachs et al., 2020).

In this chapter we propose an alternative framework for measuring and understanding
noneconomic inequalities, i.e. focusing on societal wellbeing. Anchored in the Social Progress
Index (SPI) (Harmacek & Krylova, 2023) which measures societal well-being independent
of economic indicators, the chapter offers a new perspective for understanding global
inequality, and analyses inequality related to people’s basic needs, wellbeing and
opportunities. By using various statistical methods, the chapter focuses on countries’
performance over the 31-year period, analyses trends in performance distributions and in
countries performance, and highlights areas of improvement and decline. By doing so, we fill
the gap in definition and measurement of inequality, especially with regards to SDG 10
targets 10.2 and 10.3 which concern social, economic and political inclusion, and ensuring

equal opportunity and reducing inequalities of outcome, respectively.

We start our analysis with a brief overview of the development of inequality approaches and
measures over time, and highlight how these measures have narrowly focused on the economic
aspects of inequality and how the lack of data limits a detailed understanding of inequality.
We then introduce and briefly describe the Social Progress Index Time Series, its principles
and methodology. We further use the index to assess inequality globally, for selected regions

and across countries. We conclude with discussion of the main findings and insights.
2 Mis-measuring inequality

Our understanding and measurement of inequality evolved over time. We can trace the very

first attempts to address inequality in the Enlightenment period. Until then, inequality was
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considered ‘the unavoidable condition of human existence’ (Szreter, 2021, p. 4). One of the
most prominent measurements of inequality, proposed already in 1912, is still a key indicator
today. The Gini coefficient measures the extent to which the distribution of income deviates
from perfect equality. In 1955, Simon Kuznets further hypothesized that inequality mirrors
the stages of development of a country in a way that it initially increases, and decreases in
a later stage of industrialization, which came to be known as the Kuznets curve. A
foundational contribution to the measurement of inequality was provided by Sir Anthony
Atkinson, who over his career proposed a number of approaches and methods for assessing
and measuring inequality, including the Atkinson Index, Atkinson Inequality Measure, the
Top-Corrected Gini and many others (his works came to be collectively referred to as the
Atkinson inequality measurement toolkit). In 2013, Thomas Piketty published Capital in the
Twenty-First Century, which provides an unprecedented overview of the historical trends of
income and wealth inequality, as well as conceptual and methodological considerations for
assessing inequality. Beyond academic contributions, Piketty also attracted public and
policy-makers’ attention to the causes and consequences of inequality. He argues that
inequality is to a great extent a political choice, and proposes several policy recommendations

including a global wealth tax in order to limit the rise of inequality.

Measuring inequality, similarly to measuring country performance, has been for decades
mainly defined in economic terms. The first significant attempt for a more comprehensive,
multidimensional assessment of wellbeing was pioneered by UNDP in 1990 based on the
concept of capabilities. The Human Development Index (HDI) has been the predominant
alternative metric of countries’ performance. The HDI (UNDP, 2023) measures three
dimensions by aggregating four indicators — long and healthy life (life expectancy at birth),
knowledge (mean years of schooling, expected years of schooling), and decent standard of
living (gross national income per capita in purchasing power parity). To account for
inequality, and anchored in Atkinson’s work, Foster, Lopez-Calva and Szekely (2005)
proposed an inequality-adjusted Human Development Index (IHDI). The adjusted index
measures human development while accounting for inequality. The adjustment is, however,
still anchored in the HDI design, which consists of only a handful of indicators, including a

measure of economic performance.

Despite the predominantly economic focus on measuring and quantifying inequality, there
has been no shortage of theoretical and conceptual efforts. Bourdieu (1979) coined the
concept of cultural capital and explored how it shaped social inequalities; Crenshaw (1989)
proposed the concept of intersectionality which entails that inequality is influenced by
numerous factors including race, gender, and socio-economic status; Acker (1990) established
the concept of doing gender, paving the way for further research on gender and inequality.
Regardless of these efforts, however, there hasn’t been a consensus on the framework,

quantification and measurement of noneconomic inequalities. Several composite indices
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include inequality aspects (Syrovatka & Schlossarek, 2019), but none of them focuses

explicitly on the multifaceted nature of noneconomic inequality.

In response to the shortcomings of economic measurement, a variety of composite indicators
have been developed (e.g., Better Life Index, Social Progress Index). The social sustainability
research stream highlighted that societal well-being — i.e., a social dimension — must be an
integral part of sustainability assessment, including inter- and intragenerational equity

considerations (Husgafvel, 2021).

Data coverage represents one of the most pressing challenges for measuring inequality, both
in economic and non-economic terms. Alvaredo et al. (2022) highlight that economic data
used to estimate economic inequality are far from perfect due to the relatively poor coverage
of household surveys, increasing measurement gaps in many countries, and conceptual
differences across data sets such as administrative data and surveys. In the 2022 Global
Inequality Report Chansel et al. (2022, p. 10) conclude that ‘We live in a data-abundant
world and yet we lack basic information about inequality. .. Accessing such data is critical
for democracy. Beyond income and wealth, it is also critical to improve our collective
capability to measure and monitor other dimensions of socioeconomic disparities, including

gender and environmental inequalities’.

Nevertheless, the availability of data on economic (income) inequality is still much better
compared to the non-income dimensions. The World Bank Poverty and Inequality Platform
publishes the Gini Index (and some other measures) for income inequality for many countries
but with notable gaps across years and countries, demonstrating the lack of comparable data.
For example, for 2022, the most recent observed year, data are available for seven countries
only, in 2021 it is 22 countries. Even in 2018 when data are available for 88 countries the
Gini Index misses out more than half of the world’s nations (country count based on World
Bank, 2023). The World Inequality Database provides data for most countries, but only for
income, wealth, and carbon inequality. Comparable data across countries and over time are
essentially non-existent for inequality in social indicators such as health, nutrition, or

education, not to mention issues such as access to rights or freedoms.

An alternative way of approximating inequality is offered by expert assessments, such as in
the Varieties of Democracy project (Coppedge et. al, 2022), which includes indicators
measuring Fqual access to quality health, FEqual access to quality education, Equality before
the law and many others. It needs to be emphasised, however, that these country-level data
do not reflect distributions in the population (as normally estimated on the basis of household

surveys) but are rather based on expert opinions pertaining to different types of inequalities.
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The SDGs were not designed to be a conceptually comprehensive framework. The defined
targets are the lowest common denominator of countries’ political will rather than an
ambitious set of indicators that go beyond the status quo of inequality measurement.
Moreover, they do not broaden the understanding and definition of inequality beyond
including the social and political concepts (not metrics) alongside the economic. This has
resulted in a framework of metrics that limits inequality measurement to economic

performance, which is used to inappropriately approximate societal inequalities.

The Social Progress Index Time Series addresses many of these challenges: it does not include
any economic indicators in its framework, and provides a long overview of trends covering
31 years (1990-2020) for the vast majority of counties (170). Therefore, we use this composite
index and its elements (dimensions and components) to explore the evolution of global

inequality across countries and over time in non-economic dimensions of development.

3 Social Progress Index Time Series

The SPI offers a unique perspective on the performance of countries. By only considering
social and environmental outcome indicators, it is ‘the first available metric of purely social
and environmental aspects’ (Annoni & Scioni, 2022, p. 1094). It defines social progress as
‘the capacity of a society to meet the basic human needs of its citizens, establish the building
blocks that allow citizens and communities to enhance and sustain the quality of their lives,
and create the conditions for all individuals to reach their full potential’ (Social Progress
Imperative, 2024, p. 5). This definition is rooted in three overarching dimensions of social
progress: the fulfilment of people’s Basic Human Needs, the establishment of Foundations of
Wellbeing for individuals and communities to sustain their quality of life, and the provision
of Opportunity for all individuals to achieve their maximum potential. Within each
dimension there are four components, each defined by a set of indicators designed to address

the conceptual questions inherent in those components (see Figure 26.1 for details).

The SPI serves as a composite indicator, condensing multi-dimensional societal and
environmental matters into a single metric for easier interpretation and cross-country
comparison. The selection of indicators adheres to key design principles of the Index: firstly,
it exclusively incorporates social and environmental indicators, facilitating a more systematic
analysis of the relationship between economic development (e.g., GDP per capita) and social
development. Secondly, the Index evaluates outcomes that directly impact people rather than
focusing on inputs; for instance, it assesses metrics like health status and educational
attainment while excluding indicators such as the number of schools or hospitals. Thirdly,
selected indicators are universally relevant, applicable to all or nearly all countries, ensuring

broad comparability. Consequently, specific issues like malaria deaths, which do not affect
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all countries, are excluded. Lastly, the Index is intended to furnish evidence for decision-

making and advancing social progress, a purpose also reflected in the selection of indicators.

Table 1: Social Progress Index Time Series 1990-2020, framework

Nutrition and Basic Medical Care

Deaths from infectious diseases
Child mortality

Child stunting
Maternal mortality
Nutritional deficiencies

Diet low in fruits and vegetables

Water and Sanitation

Improved sanitation

Improved water source
No access to a handwashing facility

Deaths from unsafe water, sanitation and

hygiene

Shelter

Deaths from household air pollution

Access to electricity

Prevalence of cooking with coal/biomass

Personal Safety

Interpersonal violence

Deaths from road injuries
Political killings and torture
Intimate partner violence against women

Political violence

Source: Harmacek and Krylova
(2023)

Access to Basic Knowledge

Population with no education

Equal access to quality education
Gender parity in basic education

Mean years of schooling

Access to information and
Communications

Internet users

Mobile and landline telephone subscriptions

Alternative sources of information

Health and Wellness

Life expectancy at 60

Premature deaths from non-communicable
diseases
Equal access to quality healthcare

Universal health coverage

Environmental Qualit

Deaths from outdoor air pollution

Deaths from lead exposure

Particulate matter (2.5) pollution

Species protection
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Personal Rights
Access to justice

Freedom of religion
Political rights

Property rights for women
Freedom of assembly

Freedom of discussion

Personal Freedom and
Choice
Satisfied demand for

contraception

Public sector corruption
Early marriage

Vulnerable employment

Freedom of domestic

movement

Inclusiveness

Equal protection of social
groups

Equal access to power
Power distributed by sexual
orientation

Access to public services

distributed by social group

Access to Advanced
Education

Respect for academic
freedom

Population with advanced
education

Years of tertiary schooling

Gender parity in advanced

education



The Social Progress Index Time Series (1990-2020) spans 31 years and encompasses social
progress data from over 170 countries, by combining 52 indicators from nine data sources.!
The Index exclusively utilises reliable, credible, and comprehensive data that provide an
objective account of the period. Indicators are included only if they are well-measured, with
consistent methodology, by the same organisation, and across all or essentially all countries
in the sample. These principles ensure measurement consistency across nations and
meticulous assessment of indicator quality to accurately reflect the intended phenomena.
The Index, its dimensions and components are scaled from 0 — representing the worst
performance to 100 — representing the best performance. A unified scale (0-100) allows for
better comparability of diverse issues across countries and across the building blocks of the

index.

We use the Social Progress Index?, its dimensions and components (see Table 26.1) to
approximate inequality across countries and world regions in three ways. While the Index is
not constructed to measure inequality directly, we look at the cross-country trends, regional
trends and temporal trends over the 31-year period in an attempt to assess inequality by
examining the levels of growth and convergence across countries, but also cross-sectionally

and for concepts included in the index, i.e., components.

To do this we use the scores to compare country-level and regional performances in different
aspects of social progress (components, dimensions, Index) over time. More specifically, we
are interested in whether the differences in social outcomes across countries increased or
decreased over the 31-year period (i.e., levels of growth). While the former would suggest
there was an increase in inequality because of divergent developments across countries, the
latter could be a sign of reduced inequalities and possible convergence in countries' social
performance. Secondly, we may also use the scores to compare social outcomes over time
across the components of the Index, i.e., whether the results across the Index components

are more similar in the present (lower inequality) than they were in the past.

Thirdly, we also use the Index to approximate inequality within countries based on country
performance in two components of the Index, which approximate inequality more directly
than others: the Inclusiveness and Personal Rights components are the closest
approximations of equality of opportunity. They are composed of indicators directly related
to equal distribution of power by sexual orientation, social class, social group, gender and
socioeconomic position (/nclusiveness) and indicators related to equal access to justice, rights

and freedoms (Personal Rights).

A further 13 indicators were used for supportive calculations.

2 In this chapter we propose using the Social Progress Index to better understand the non-economic inequalities around
the world. However, the Social Progress Index lends itself to measuring progress on the Sustainable Development
Goals overall (Social Progress Imperative, 2017).
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4 Global and regional inequality

To examine trends in social progress globally we approximate the Index score for the world
and selected regions (Table 26.2). We do so by calculating a population-weighted score using

raw data of all ranked countries which treats the world/regions as a country®.

Table 2: Global and regional trends in social progress 1990-2020

‘World 52.04 53.85 56.27 58.86 61.91 64.15 65.47
Sub-Saharan Africa 34.67 38.05 40.25 43.04 46.33 49.42 52.33
South Asia 40.31 42.28 44.52 47.56 51.28 53.7 55.94
North America 81.84 82.77 84.46 86.26 88.08 89.02 88.08
Middle East & North

Africa 48.3 50.41 53.57 56.21 59.5 61.97 64.34
Latin America &

Caribbean 60.04 62.52 65.1 68.23 71.41 73.43 72.91
European Union (27) 77.72 79.61 82.59 85.88 88.3 89.34 89.55
East Asia & Pacific 49.24 51.78 55.47 58.53 62.22 65.8 67.55
Central Asia & Caucasus 57.85 55.91 56.32 57.19 61.1 63.33 66.99

Source: Authors

While the overall trend shows that all regions improved their social progress during the
observed period, the dynamics were different. The best performing region in 2020 was the
European Union (EU-27), followed closely by North America. The most improved regions
since 1990 are East Asia and Pacific (+18.31 points), which has shown the most consistent
improvement, and Sub-Saharan Africa (+17.66). The least improved regions are North
America (+6.24) and Central Asia and the Caucasus (+9.14), where progress declined
through to 2015 and then recovered. Latin America and Caribbean (412.87) progress has
stalled since 2015. North America's progress has declined since 2016 which resulted in the
region's decline to second best performing, after the EU. Beyond the improvement in absolute
terms, it is evident that regions have managed to narrow the gap between the best and the
worst performing over time, which suggests that inequality in social progress between regions
and countries is decreasing. It is evident that especially the worst performing regions have
managed to maintain a stable increase over time, whereas the better performing regions (EU,

North America, Latin America and the Caribbean) have reached a plateau in recent years.

3 To calculate the scores, indicators are first aggregated into population-weighted raw values, using data of all ranked
countries. Weights (established through statistical methods) are applied prior to calculating dimensions and the overall
Index score. It is important to note that this method is different from calculating population-weighted scores (i.e.,
applying weights on component scores), and in essence treats the world as a country.
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Further breakdown for the world as a whole in Figure 1 part a (i.e. trends in SPI and its
dimensions) reveals that the world has become more equal in providing basic needs and
establishing the building blocks of wellbeing, but its progress on opportunity has stalled.
The SPI world score improved by 13.43 points between 1990 and 2020. The best performing
dimension was the Basic Human Needs which increased substantially from 63.23 in 1990 to
76.83 in 2020. Foundations of Wellbeing increased even more (from 44.01 to 63.64), driven
largely by gains in the Access to Information and Communications component. The
Opportunity dimension, however, does not conform to this growth pattern — while there was
a consistent increase from 1990 (48.89) to 2011 (56.64) it was followed by a period of
stagnation (and even slight decline) until 2020 (55.93).

Figure 1: a) Trends in Social Progress Index and its dimensions, b) Coefficient of variation

in Social Progress Index and its dimensions 1990-2020
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Figure 1 part b (i.e. coefficient of variation in SPI and its dimensions 1990-2020) further
demonstrates how these trends translated into the reduction of inequality, measured by
coefficient of variation, i.e., approximating how similar or distant from each other countries’
performances are on the index and its dimensions. While the Basic Human Needs dimension
has not achieved the highest absolute gains, it achieved the highest degree of convergence
between countries’ performances, meaning that countries are more similar in 2020 than they
were in 1990. The Foundations of Wellbeing dimension also achieved convergence overall,
however we can observe that at some point during the 31-year period inequality between
countries increased and then declined again, and in 2020 it had the lowest coefficient of

variation. The Opportunity dimension has also recorded improvements in the reduction of
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inequality, but there is a noticeable slowdown at the end of the observed period and its levels

are much higher than for the previous two dimensions.

Figure 2: Population-weighted and unweighted distribution of the Index and dimension
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These findings are further supported by examining the density plots of the Index and the
three dimensions. A density plot shows how the data are distributed across a range of possible
values. In our plots, we show the scores of the Index (and its dimensions) on the horizontal
axis (the range of possible scores is from 0 to 100). The density (or concentration) of

countries’ scores is measured on the vertical axis. The density plots visualise two metrics in
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two points in time: population-weighted (grey) and unweighted (black) scores in 1990 (solid
line) and 2020 (dashed line). For example, in the first plot of Figure 26.2, the solid black line
indicates that the SPI scores of countries in 1990 were mostly concentrated between the
values of 40 to 60.

We construct these plots to explore the distribution of countries' performance and its
evolution over time. Population-weighted method strives to approximate the average level of
social progress of an individual. It is greatly influenced by the performance of the most
populous countries as these have the highest weights. Unweighted performance, on the other
hand, does not account for countries’ populations and reflects country performance.
Comparing these two measures also provides insights into inequality between countries. The
Basic Human Needs plot suggests that there has been a significant shift to better
performance for most countries and most peoples. Both weighted and unweighted 2020 values
record the highest density in the 70-100 score range, essentially resulting in a negative skew,
whereas 1990 values are much more equally distributed in the 20-100 score range. We also
see a noticeable shift towards better scores in the Foundations of Wellbeing dimension where
the performance for both the weighted and unweighted measure improved mostly to scores
above 40. The Opportunity dimension recorded the smallest performance increases as well
as only limited changes in the distribution, with most weighted and unweighted performance

being in the 40-60 score range.

These findings suggest that countries have converged over time (unweighted), i.e., inequalities
between countries declined, but at different speeds and different levels across countries and
aspects (dimensions). Countries are closer than ever before to ensuring people’s basic needs
are provided — most countries find themselves in the 70-100 score range in 2020. However,
securing broader wellbeing and opportunities seems to be more challenging — while there
have been improvements and countries' performance has moved rightwards on the x-axis, the
advancements are less significant compared with the Basic Human Needs dimension. This
corresponds with other studies using a similar dataset (Peir6-Palomino et al., 2023). It also
suggests that inequalities between people (population weighted) declined, but similarly,

progress has been uneven in terms of time and dimensions of social progress.

Diving deeper into the cross-sectional realities, we examine the individual components which
make up the three dimensions. We assess the key summary statistics (Table 26.2) and their
dynamics for the initial (1990) and final year (2020) of measurement; specifically, we assess
the difference in minima (a), maxima (b), average (c), standard deviation (d), coefficient of

variation (CoV) (e) and the spread (f) for the 12 components.
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It is evident that nearly all components improved from their initial minimal performance in
1990 (column a). The only exception is the Inclusiveness component which recorded a lower
minimum score in 2020 than in 1990. Nearly all components also lowered their coefficient of
variation (column e) which signals convergence. However, a detailed assessment reveals that

the picture is mixed and the world is not achieving the closure of the gaps in all areas.

Table 3: Component level summary statistics
d) standard  e) coefficient f) spread

a) min b)max  c)average deviation of variation (max-min)
Nutrition and Basic Medical
Care 27.03 0.18 11.03 -3.30 -0.10 -26.85
Water and Sanitation 27.34 0.06 14.94 -6.51 -0.15 -27.28
Shelter 13.55 -2.48 18.02 -9.01 -0.24 -16.03
Personal Safety 10.31 13.15 7.00 1.07 -0.03 2.84
Access to Basic Knowledge 17.37 6.38 14.17 -8.12 -0.20 -10.99
Access to Information and
Communications 7.91 50.07 54.76 9.74 -0.41 42.16
Health and Wellness 8.55 13.42 11.86 243 -0.03 4.87
Environmental Quality 3.67 7.60 4.45 2.44 0.02 3.93
Personal Rights 0.51 -0.45 T.27 -0.91 -0.07 -0.96
Personal Freedom and
Choice 7.21 2.52 9.43 -0.51 -0.08 -4.69
Inclusiveness -3.17 1.43 5.38 1.27 -0.03 4.60
Access to Advanced
Education 3.27 2.53 20.41 2.60 -0.16 -0.74

Source: Authors

Components in the Basic Human Needs dimension recorded the highest gains in minimal
scores, followed by the Access to Basic Knowledge. This indicates that countries with initially
low levels of performance have managed to significantly improve the provision of basic needs
and basic education for their citizens. Further insight into the spread and coefficient of
variation suggests that countries are narrowing the gap between the worst and the best and
their performance is converging; with the exception of the Personal Safety component all
other aspects of Basic Human Needs and the component of Access to Basic Knowledge

increased their average, decreased standard deviation, variation and lowered their spread.
In the other two dimensions, i.e., Foundations of Wellbeing and Opportunity the picture is

not as straightforward. While all components in the Foundations of Wellbeing dimension

increased their minimum and maximum scores, not all narrowed the gap in performance.
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The Access to Information and Communications component recorded remarkable gains over
the period because of the internet and mobile phones technology being available all around
the world, however, this has also resulted in markedly different results for citizens in well
performing countries, and those in less performing countries as the spread between best and
worst performance increased, and minimum performance increased only slightly compared
to the increase in maximum performance. This signals that despite an overall decrease in
variation there are countries at the bottom of the spectrum that are falling behind. In the
Opportunity dimension, the Inclusiveness component is the only one that recorded worse
minimal performance in 2020 compared to 1990 and the Personal Rights component stalled.
Significant gains in terms of average score increase and a lower coefficient of variation were

achieved in the Access to Advanced Education.

To assess how countries are closing the inequality gap we also explore the progress of
countries between 1990 and 2020 (presented in Table 4). We consider several perspectives of

improvement:

1) absolute gains, i.e., the score change between 1990 and 2020;

2) relative gains, i.e., improvements in countries’ relative positions vis a vis other
countries;

3) reduction of distance to boundary, i.e., how much distance have countries covered
since 1990 (calculated as the change in score between 1990 and 2020 over the distance
to boundary (i.e., 100) from the 1990 score).

4) annualised rate of growth, i.e., the average rate of growth per year over the 31-year
period (calculated as the natural log of SPI score in the final year minus the natural

log of SPI score in the initial year divided by 30).

Table 4: Country-level performance: top and bottom performers

annualized rate of

score change rank change distance to boundary growth
Republic of
Bhutan 29.73 Maldives -39 Korea 64.98 Ethiopia 0.029
Timor-Leste 2931  [Bhutan 38 [leeland 6425  (Aneola 0.025
Maldives 27.68 South Africa -34 Ireland 62.98 Afghanistan 0.024
Equatorial
Myanmar 26.96 Albania -33 Switzerland 62.62 Guinea 0.023
Ethiopia 26.85 Timor-Leste -32 Norway 60.10 Cambodia 0.022
Cambodia 26.09 Cabo Verde -26 Denmark 59.94 Timor-Leste 0.022
Gabon 25.85 Myanmar -25 |Austria 59.48 Guinea-Bissau  0.021
Angola 25.67 Gabon -25 Germany 59.40 Sierra Leone 0.021
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South Africa 25.01 Cambodia -23 Netherlands 58.72 Myanmar 0.020
Bosnia and
Albania 25.00 Herzegovina -22 Spain 58.39 Nepal 0.019
Venezuela 9249 Venezuela 59 Venezuela 737 Venezuela -0.001
Tajikistan 0.53 Tajikistan 45 Tajikistan 1.15 Tajikistan 0.000
Central
African
Nicaragua 4.83 Nicaragua 40 Republic 9.39 Belarus 0.002
Democratic Democratic
Republic of Republic of
Belarus 4.97 Korea 37 Korea 10.23 United States  0.002
Ukraine 5.54 Turkmenistan 37 Nicaragua 11.20 Ukraine 0.002
Democratic
Republic of
Korea 5.69 Philippines 33 Burundi 11.47 Nicaragua 0.003
Turkmenistan 5.77 Zimbabwe 31 Turkmenistan 12.80 Canada 0.003
Papua New
United States 6.08 Guinea 28 Zimbabwe 13.04 Sweden 0.003
Central
African Turkmenistan
Republic 6.83 Kyrgyzstan 27 Chad 13.81 Hungary 0.003
Zimbabwe 6.88 Uzbekistan 25 Yemen 14.48 0.004

Source: Authors

Each of these methods applies a different perspective and results in varying insights. In terms
of absolute gains, it is mostly developing countries that have recorded the largest
improvements. The same is true for relative improvements, where many countries’ absolute
gains also translated into a better relative position. This is not unexpected since many of

these countries had lower initial scores and therefore the space to improve.

The country composition changes entirely when we assess the distance to the boundary where
the top 10 positions are taken by developed countries. This might be counterintuitive with
the previous finding that countries with initially lower levels of social progress had
subsequently higher growth in the Index score (and vice versa). However, while the latter is,
to some extent, the consequence of the bounded nature of the Index, meaning that countries
closer to the best-case scenario (score of 100) have slower growth rates than countries further
away from them, the distance to boundary shows the opposite: countries closer to the

boundary are better at closing the gap (i.e., distance to boundary).
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The bottom positions are mostly taken by a similar set of countries, many of which could be
considered failed, and undemocratic. Venezuela is the only country where social progress, in
absolute terms, declined since 1990. However, the annualised rate of growth, which also
accounts for the initial level of country performance, shows that it is not necessarily just
failed states that find themselves at the bottom of the league table, but also countries such

as Hungary, Canada, and Sweden.
5 Within country inequality

It is possible to consider the Inclusiveness and Personal Rights components as the closest
approximation of within country inequality. While solely based on expert assessments (i.e.,
most indicators are from the Varieties of Democracy dataset), in the absence of data
capturing inequality in a more direct manner, expert assessment is the closest estimation of

reality.

Inclusiveness is the only component where the world declined, i.e., performance in 2020 was
worse than the world score in 1990. This possibly suggests that the world’s population was
on average less equal in 2020 compared to 1990. This does not necessarily mean that everyone
found themselves to be less equal in 2020 than in 1990. Many countries recorded an increase
in their performance on Inclusiveness, entailing that their citizens became more equal over
time. However, examining the number of countries that declined and stagnated and those
that significantly improved (Table 5), Inclusiveness and Personal Rights do not fare well
compared to other components. Over the 31-year period 51 and 70 countries stagnated or
declined on /Inclusiveness and Personal Rights respectively, i.e., their score improved by less
than 1 point or declined. The only other component that recorded a high number of decliners
was the FEnvironmental Quality. The same pattern can be observed for the number of
countries that improved significantly, i.e., by more than 5 points, where Personal Rights
records the lowest number of such improvers, followed by Personal Safety and Environmental

Quality, and Inclusiveness.

Table 5: Count of countries in decline and with improvement

component Decline & stagnation Significant improvement
Access to Information and Communications 0 171
Shelter 32 122
Personal Rights 70 81
Nutrition and Basic Medical Care 4 121
Access to Advanced Education 5 164
Inclusiveness 51 92
Water and Sanitation 12 127
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Personal Freedom and Choice 20 117

Access to Basic Knowledge 15 138
Health and Wellness 11 151
Personal Safety 31 87
Environmental Quality 55 87

Source: Authors

Examining the components’ evolution over the 31-year period, we can observe that it is the
last 15 years when the components’ performance began to decline. Personal Rights were on
an upward trajectory until 2005, but subsequent decline in the last 15 years nearly erased
all previously gained improvement. Inclusiveness was on a rather flat trajectory over the
entire period with one relatively stronger moment (41.27 pts, 1995-2000) and noticeable
decline in the last decade (-3.6 pts).

6 Discussion of key findings

Inequality is a multifaceted concept which requires multidimensional and cross-sectoral
definition and measurement. While the rhetoric on inequality is shifting to reflect more than

income and wealth inequality, the global debate is still framed around economic inequality.

Measurements of inequality are far from ideal. Data on income and wealth inequality are
irregular, not comparable, and otherwise imperfect, but data on societal inequality are
essentially non-existent. The SDGs represent an important milestone in establishing
inequality as a global policy objective. They also provide the foundation for broadening the
discussion about inequality and reflecting its complex, multidimensional and intersectional

nature.

The Social Progress Index reveals that the world was more equal in 2020 than it was in 1990
in terms of inequality between countries. The world’s population is on average better off in
all aspects of social progress, except for Inclusiveness and Personal Rights. The gap between
countries and populations was significantly reduced in providing for people’s basic needs, as
well as in supporting their broader wellbeing, however, while people’s opportunities also

improved, significant gaps remain between the best and the worst performing countries.

The findings also suggest, however, that the world is less equal today than it was in 1990 in
terms of inequality within countries, even though on average people are better off in 2020
than they were in 1990. This entails that the benefits of social progress were not distributed
evenly across all members of the society. This finding is greatly influenced by the weight of
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the most populous countries and should be considered with caution. However, the data
suggests that Inclusiveness and Personal Rights are lagging behind other aspects of societal

wellbeing.

The findings also need to be considered against the limitations posed by the methodology of
the Index as well as the analyses. While considered the most comprehensive metric of societal
wellbeing independent of economic indicators, the Index does not include many issues that
are relevant for the measurement of wellbeing and inequality; either due to the lack of
comparable data with global coverage, such as mental health, the rights and freedoms of
minorities as well as LGBTQI4+ communities, or irrelevance on a global scale, specific issues
such as malaria deaths cannot be included as they do not affect all countries. It is also
important to note that the Index is anchored in the present, defining social progress and
human wellbeing retrospectively. Finally, while the index relies on a multitude of indicators
from credible data sources, some components, and especially the Opportunity dimension
relies on the Varieties of Democracy dataset which has recently been criticised for inherent
biases (Little & Meng, 2023). Despite these limitations, the Index is a robust metric for
assessing the quality of life around the world, independently of economic indicators and

focused on outcomes.

In this chapter, we strived to present a different perspective on inequality. We used the Social
Progress Index Time Series to provide insights on those aspects of inequality that are left
out of official measurement efforts. We also demonstrated that inequality is a broad concept
which encompasses all aspects of human wellbeing and environmental sustainability, not just
economic prosperity which is the most common lens for defining and measuring inequality:.
The SDGs, however, do not go far enough in this regard, and while the text of the goals
indicates that inequality goes beyond economic means, the indicators fail to capture a

broader perspective.

As Stiglitz, Sen and Fitoussi (2009, p. 9) note, ‘What we measure affects what we do; and if
our measurements are flawed, decisions may be distorted’. In this context, the measurement
of the SDGs is constrained by officially agreed indicators which have a very narrow focus
and understanding of inequality (i.e., economic perspective), and unless this approach is
revised, the measurement will not reflect the real lived experience and wellbeing of people

and planet.
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Abstract

Countries either converge or diverge in their social and governance performance.
This dynamic directly influences the ability of social and governance indicators
to differentiate between countries, with divergence increasing their information
content and convergence diminishing it. Tracking the evolution of these
indicators' information content over an extended period provides insights into
shifts in their relative importance and, most importantly, allows to uncover the
various phases that the global policy landscape undergoes. Using a wide range of
indicators across 170 countries, we examine the evolution of information content
from 1990 to 2020 of various social and governance constructs. The results reveal
a notable shift from social to governance dimensions. Initially, disparities were
more pronounced in Basic Human Needs and Foundations of Wellbeing. However,
countries have since converged in these areas. In contrast, countries’ performance
in governance dimensions, such as State Capacity and Democratic Accountability,
have seen increased divergence, reflecting widening disparities. These findings
highlight that contemporary global policy challenges are increasingly rooted in

governance disparities across countries.
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1 Introduction

The Beyond-GDP debate has highlighted the need for more comprehensive measures of
quality of life that extend beyond traditional income metrics (Kubiszewski et al., 2013).
While economic indicators like gross domestic product (GDP) provide a limited
understanding of well-being, they often fail to capture the complex and evolving nature of
development (Aitken, 2019). As a response, composite indices have emerged as a more
holistic alternative, encompassing a broader range of social and governance dimensions
(Bleys, 2012). However, a significant challenge lies in ensuring that these composite indices
can continue to meaningfully distinguish between countries, especially as conditions change
over time (Zhou et al., 2010).

As countries develop, the relative importance of different social and governance areas in
distinguishing quality of life shifts based on how uniformly outcomes are achieved across
nations. For instance, some indicators, such as undernourishment or access to clean water,
have seen increased uniformity across countries (UNDP, 2020), reflecting broader success in
meeting basic needs. In contrast, governance-related aspects, such as political representation
or democratic accountability, remain unevenly distributed, with significant disparities
persisting among nations (Freedom House, 2021; Anheier et al., 2024). This uneven progress
emphasizes the need to measure the importance of various indicators in a relative and
dynamic way, recognizing how certain dimensions may become less informative over time
while others gain prominence. Understanding the evolution of these shifts offers insights into
the broader development process, capturing how countries transition from challenges in basic

human needs to more complex governance goals as they progress.

This study addresses the challenge of maintaining the discriminatory power of social and
governance measures over time by calculating entropy weights to explore their evolution
across different indicators. In this context, entropy reflects the potential loss of information
as countries converge on basic human needs indicators, such as nutrition, sanitation, and
access to electricity, in contrast to more intricate governance indicators like democratic
accountability and state capacity. As nations make progress in meeting basic needs, the
ability of these indicators to distinguish between countries may diminish. By tracking
entropy weights, we aim to understand whether a dynamic weighting system could highlight
shifts in the importance of various indicators, helping to ensure that composite indices

remain relevant and accurate over time.

We calculate modified entropy weights that incorporate a time-decay factor, designed to

analyze changes in data spanning long periods. Our study traces the evolution of these
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entropy weights across various indicators for 170 countries from 1990 to 2020. This
examination shows how shifts in weights reflect changes in countries' performances over time.
By covering a diverse array of social and governance indicators, we aim to reveal an
important shift from social dimensions such as Basic Human Needs once held the highest
entropy weights, by 2020, governance dimensions, particularly Democratic Accountability
and State Capacity, have become more prominent in representing disparities among

countries.

Additionally, the study employs Bayesian latent variable analysis to construct each
dimension and its sub-dimensions, using data from established frameworks such as the Social
Progress Index (SPI) for social dimensions (Harmacek et al., 2024) and the Berggruen
Governance Index (BGI) for governance measures (Anheier et al., 2023). This integration of
SPI and BGI allows for a comprehensive set of indicators while avoiding redundancy, thus
enhancing the accuracy and scope of the analysis. Our entropy-based method is then used
to evaluate the evolving significance of each measure over time, enabling us to identify shifts

in the importance of various social and governance aspects.

The remainder of this article is organized as follows. Section 2 introduces the concept of
entropy in a broader context and explores its relationship with uncertainty and convergence
in social and governance dimensions. Section 3 outlines the methodology, detailing the
application of Shannon’s Entropy weights and Bayesian latent variable modeling. Section 4
presents the study's results, showing the evolution of entropy weights across different
dimensions and regions. Section 5 discusses the implications of these findings for
understanding the dynamic nature of countries' development trajectories and considers
additional methodological implications. Finally, the conclusion summarizes the key insights,

acknowledges the study’s limitations, and proposes directions for future research.

2 Entropy, Uncertainty, and Convergence in Social and Governance

Indicators

Entropy is a fundamental concept used to quantify uncertainty and disorder within a given
system (Shannon, 1948; Cover & Thomas, 2005; Jaynes, 1957). In the context of social and
governance indicators, entropy can provide insights into how countries' performances vary
across different aspects of development over time (Greco et al., 2019; Foster et al., 2013).
When applying entropy to measure the distribution of outcomes across countries, higher
entropy signifies greater uncertainty about the differences in performance, indicating that
the indicator used to differentiate countries is less informative and has low discriminatory

power (Zhou et al., 2010; Zhang & Lee, 2007). Conversely, lower entropy means that
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indicators have higher information content about how countries perform in that respective
aspect (Zhou & Ang, 2009).

In the analysis of social and governance indicators, the relationship between entropy and the
convergence of countries’ outcomes is crucial. As countries’ performances in a particular
social or governance aspect become more alike, the entropy tends to increase, reflecting an
increase in uncertainty about the difference in their performance (De Muro et al., 2011;
Saisana et al., 2005). This is because convergence in this context implies that countries are
moving towards a central point where their performances are more evenly distributed, which
corresponds to greater entropy and uncertainty about which country performs best or worst
(Saltelli, 2007; Munda & Nardo, 2009). On the other hand, when countries diverge, their
performances become more distinct, and differentiating between them becomes more certain,

hence the lower entropy.

To illustrate this relationship, Figure 1 shows the inverted U-shaped curve that represents
the Shannon entropy in relation to probability (Mishra, 2019; Ulanowicz, 2009). The
horizontal axis represents the probability that a country performs better than another,
ranging from 0 to 1, while the vertical axis represents the corresponding entropy value. The

maximum entropy, or the "maximum loss of information," occurs at a probability of 0.5,
indicating the point of greatest uncertainty (Bandura, 2008). This point represents the
highest level of uniformity and is where convergence is most evident, as countries'
performances are most similar and the uncertainty about their difference is the highest
around this probability (Zhou & Ang, 2009). As we move from a probability of 0 to 0.5, we
observe an increase in entropy, representing convergence in countries' outcomes toward an
increase in the loss of information about the outcome. This means that countries are
becoming more similar in their performance, resulting in higher difficulty in distinguishing

between them (Mazziotta & Pareto, 2017).
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Figure 1: General representation of the relationship between Shannon entropy and probability and

the implications on convergence and divergence in social and governance outcomes.

Figure 1 also shows that as we move from a probability of 0.5 towards either 0 or 1, entropy
decreases, representing a process of divergence (Booysen, 2002). This implies that countries'
outcomes are becoming more distinct and easily distinguishable, leading to a clearer
separation in their performance levels (Bramanti & Tarantola, 2012). As such, there is a
movement toward less uncertainty (gain in information) in indicators and a reduction in
their entropy (Saltelli, 2014).

This helps clarify how the relationship between entropy, uncertainty, and convergence
operates in the context of social and governance indicators. When examining countries’
performances in these areas over time, those indicators that show high entropy values
correspond to dimensions where countries have converged, with greater similarities in their
outcomes (Greco et al., 2019). Conversely, indicators with lower entropy signify dimensions
where countries have diverged, displaying more distinct and predictable differences in their
performance (Wu et al., 2022).

In essence, entropy provides an objective measure of how uncertain or varied the distribution

of countries’ outcomes is in a given dimension (Mazziotta & Pareto, 2013). It highlights that
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while convergence in countries’ social and governance performance is generally perceived as
a desirable outcome, it involves a dynamic shift towards greater uncertainty, as countries
become more similar in their performance (Zhou & Ang, 2009). This perspective emphasizes
the evolving nature of development, where shifts in uncertainty and convergence play a
central role in understanding how countries progress across different social and governance

aspects over time (Booysen, 2002; Bandura, 2008).

3. Methodology and data

3.1.Data Sources and Preliminary Treatment

To measure governance dimensions of development, we use the Democratic Accountability
and State Capacity pillars of the Berggruen Governance Index (BGI). The Index draws upon
multiple data sources, including the Varieties of Democracy (V-Dem) data for various
governance related indicators, International Monetary Fund (IMF) data for fiscal capacity
variables, and the World Bank data for economic and infrastructural indicators. In addition,
to measure social development, we include indicators used in the Social Progress Index (SPI)
Time Series to reconstruct its dimensions of Basic Human Needs and Foundations of
Wellbeing. With these indicators, our study spans the years 1990 to 2020 and covers various

social and governance aspects across 170 countries.

Table 1 outlines the composition of each of the four social and governance dimensions. For
instance, the Democratic Accountability dimension (a second-level latent variable) consists
of three components (first-level latent variables), each containing a set of indicators (observed
variables) that closely reflect the underlying construct. This hierarchical structure is

consistent across all dimensions within the framework.

However, a crucial step in the preprocessing phase was handling missing data, which was
achieved using the missForest algorithm as described by Daniel et al. (2012) in their study
on non-parametric missing value imputation. This method employs an iterative random

forest model to impute missing values that can be generally summarized in three main steps:

1. [Initialization: Missing values in the dataset are initially replaced by the column mean
(for continuous data) or the most frequent category (for categorical data).

2. [terative Random Forests: For each iteration, the random forest model predicts
missing values for each variable using the non-missing variables. This process
iteratively improves the accuracy of the imputed values until convergence or reaching

a specified maximum number of iterations.
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3. Final Dataset: The completed dataset retains the structure and variability of the

original data, with the imputed values accurately reflecting expected distributions.

By employing the missForest algorithm with 500 trees and allowing up to 50 iterations, we
ensured minimal bias in the imputation process, resulting in a robust dataset for subsequent
analysis. This technique was chosen for its relatively more reliable predictions. A comparison
of the imputed and original distributions for each indicator demonstrated that the method
effectively maintained the shape of distributions before and after imputation. Additionally,
we opted for this multiple imputation method over data augmentation techniques (Merkle,
2011), such as Bayesian latent variable analysis (as used in Anheier et al., 2023), to maximize
the speed of the Bayesian modeling process in the next step, given that fitting such models

with missing data can take exponentially more time (Merkle & Rosseel, 2015).

Dimension Sub-dimension Observed indicator

Democratic Accountability Institutional Accountability Judicial oversight,
Other bodies question executive officials
Executive respects constitution
Legislature exists

Electoral Accountability Electoral infrastructure resilience
Suffrage
Elected head of executive

Political parties

Societal Accountability Media freedom
Freedom of expression
Engaged society
Civil society organizations

State Capacity Fiscal Capacity Tax revenue
Tax administration
Central bank reserves

Interest payments

Coordination Capacity Elite cohesion
Bureaucratic remuneration
Appointment criteria
Rigorous administration
State-society relations

Delivery Capacity Resource allocation
Absence of public sector theft
Territorial authority
Predictable enforcement

Basic Human Needs Nutrition and Basic Medical Care Nutritional deficiencies
Maternal mortality rate
Child mortality rate
Child stunting
Deaths from infectious diseases

Diet low in fruits and vegetables

Water and Sanitation Improved water access
Improved sanitation
No access to a handwashing facility
Wash mortality

Shelter Access to electricity
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Household air pollution attributable deaths
Prevalence of cooking with coal/biomass

Personal Safety Interpersonal violence
Political killings and torture
Political violence
Traffic deaths
Partner violence against women

Foundations of Wellbeing Access to Basic Knowledge Population with no education
Gender parity in basic education
Mean years of schooling
Equal access to quality education

Information and Communications Phones subscriptions
Internet users
Alternative sources of information index

Health and Wellness Life expectancy at 60
Premature deaths from non-communicable diseases
Universal health coverage
Equal access to quality healthcare

Environmental Quality Outdoor air pollution attributable deaths
Species protection index
Deaths from lead exposure
PM 2.5 pollution

Table 1: Dimensions, Subdimensions and observed indicators in of the BGI and SPI frameworks.

3.2.Bayesian Latent Variable Analysis

To capture the complex interplay between various latent constructs, the study employed a
Bayesian Confirmatory Factor Analysis (BCFA) using the “blavaan® package (Merkle et al.,
2020). We specify a BCFA model based on the conceptual framework shown in Table 1 to
extract the scores of latent variables representing key constructs such as State Capacity,
Democratic Accountability, Basic Human Needs and Foundations of Wellbeing. The model
has a recursive structure, where first-level latent variables contribute to higher-level latent
variables. The observed variables are used to estimate the scores of first level latent variables
(sub-dimensions in Table 1) and first-level latent variables are used to estimate the scores of

the second-level latent variables (Dimensions in Table 1).

The parameters of the model are estimated using Markov Chains Monte Carlo (MCMC)
estimation to identify the underlying specified constructs (Hanson & Sigman, 2021). This
model combines multiple layers of latent variables, which themselves are informed by various
observable indicators, to assess complex constructs that reflect social and governance
performance of countries. This allows us to capture a comprehensive set of dimensions related

to state capacity, democratic accountability, and broader aspects of human well-being.
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In addition, we use the default BLAVAAN/JAGS priors, which are uninformative and
designed for identification purposes in the Bayesian analysis (same as in Anheier et al.,
2023). These priors provide minimal information about the parameters, allowing the
observed data to play the dominant role in parameter estimation. Specifically, the priors for
the slope parameters are set with a mean of 0 and a standard deviation of 10, indicating
that, prior to observing the data, the expected value of the slope is centered around 0 but
with considerable flexibility for a wide range of values. This translates to a precision (the

inverse of variance) of 0.01.

These priors are considered "flat," meaning they are nearly uniform and do not favor any
specific parameter values. As a result, they allow for probability mass across the entire
parameter space, giving the model ample flexibility to adjust based on the observed data.
This approach ensures that the estimation process is primarily data-driven, without the
priors imposing strong constraints on the parameter values. This resulted in all the MCMC
chains successfully converging suggesting that the model's estimates are stable and reliable
and demonstrating that the posterior distributions for each parameter were adequately

explored.
3.2.1. First-Level Latent Variables

The concept of State Capacity, as defined by the BGI framework, is measured through three
key latent dimensions. The first dimension, Fiscal Capacity, assesses the government’s ability
to generate revenue and manage fiscal resources. This includes indicators related to fiscal
strength, tax collection efficiency, and financial reserves management. Together, these
indicators reflect how effectively a government can mobilize resources and uphold its fiscal

responsibilities.

The second dimension, Coordination Capacity, reflects the administrative efficiency of the
state and its ability to coordinate policies effectively. This dimension examines factors such
as the reliability of administrative structures, regulatory compliance, and adherence to the
rule of law. These indicators collectively provide insight into how well a state can implement

policies and maintain organizational coherence across its institutions.

The third dimension, Delivery Capacity, evaluates the state’s effectiveness in providing
essential services and public goods to citizens. It focuses on the government’s ability to
implement policies, build infrastructure, and ensure service delivery across various sectors,

which ultimately indicates the practical functionality of state institutions.
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Also rooted in the BGI framework, the concept of Democratic Accountability is measured
through three latent constructs. Institutional Accountability captures the independence and
effectiveness of judicial and legislative institutions. This includes factors such as judicial
independence, legislative oversight, transparency in government actions, and checks and
balances within the political system, indicating how well democratic institutions hold the

government accountable.

Electoral Accountability measures the integrity and fairness of the electoral process. This
dimension encompasses factors like election competitiveness, fair voter registration, and the
absence of electoral irregularities. Collectively, these indicators reflect the degree to which

elections represent the people’s will and uphold democratic values.

The third dimension, Social Accountability, evaluates the role of civil society, media, and
other non-governmental entities in government oversight. It considers factors such as freedom
of expression, the presence of active civic organizations, and the citizenry’s ability to voice
concerns. This dimension highlights how societal forces contribute to democratic governance

outside of formal institutions.

The two social constructs, measured based on the SPI framework, capture essential elements
of human development (Basic Human Needs) and quality of life (Foundations of Wellbeing),

each of them consisting of four latent dimensions.

Within the Basic Human Needs concept, Nutrition and Basic Medical Care assesses child
mortality rates and the management of infectious diseases, reflecting the basic health
infrastructure available to a population. Water and Sanitation measures access to clean water
and adequate sanitation facilities, fundamental to public health. It captures how effectively
communities are served by essential water and hygiene services. Shelter looks into the
housing issues, and evaluates the access to basic amenities such as electricity, and clean fuels
for cooking. Personal Safety addresses issues of interpersonal violence, transportation
injuries, domestic and state violence to capturing how secure individuals feel within their

countries.

Under the Foundations of Wellbeing concept, Access to Basic Knowledge reflects educational
outcomes below tertiary level, quality of education, and gender parity, assessing a society’s
capacity to provide foundational educational opportunities. Access to Information and
Communications evaluates citizens' access to information through digital means, such as
internet connectivity and communication tools, which are crucial for modern knowledge-

sharing and engagement. Health and Wellness captures the population's health outcomes,
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including life expectancy, non-communicable diseases, and healthcare quality. Finally,
Environmental Quality measures air quality and pollution, protection of species, and
environmental hazard (lead) exposure, reflecting the impact of environmental factors on well-

being.
3.2.2. Second-Level Latent Variables

The model combines the aforementioned first-level latent variables to form higher-order

constructs that provide a comprehensive view of governance and well-being:

- State Capacity: Defined as a combination of fiscal capacity, coordination capacity, and
delivery capacity, it captures the state's overall ability to function effectively, manage

resources, and implement policies.

- Democratic Accountability: The construct integrates institutional, electoral, and social
accountability to measure the extent to which democratic principles are upheld and

government actions are held in check by both formal institutions and societal forces.

-  Human Basic Needs: The variable aggregates the dimensions of nutrition and basic
medical care, water and sanitation, shelter, and personal safety. It measures how well a

society meets the most fundamental needs of its citizens.

- Foundations of Well-being: The construct combines access to basic knowledge, access to
information and communications, health and wellness, and environmental quality. It
reflects the underlying factors that contribute to an individual’s ability to live a healthy,

and informed life.

The model captures a rich and multi-dimensional view of governance and human well-being
by adopting both the BGI and SPI frameworks. By combining their first-level and second-
level latent variables, it provides a comprehensive measure of how nations perform in both
social and governance dimensions of development. The Bayesian approach ensures that the
model incorporates uncertainty and variability, allowing for a nuanced understanding of

these complex constructs over time and across different contexts.

3.3. Time-Decay Entropy Model

The entropy weight method (EWM) was applied to track the evolution of the importance of

both the first- and second-level latent variables over time. To accommodate temporal
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variations, a time-decay mechanism was introduced, which assigns greater weight to more

—00001 ~ 1. ensures that recent observations exert

recent observations. The decay factor,a = e
a stronger influence on the entropy weights. This procedure effectively balances the initially
disproportionately high entropy weights with the more recent ones and does not alter the
differences in entropy weights between dimensions, as the time-decay factor is uniformly

applied across all dimensions at each point in time.

Each latent variable’s scores for a given year ¢ were normalized across countries as follows:

where pl-(jt) represents the normalized value for country i and indicator j at time t.

The time-decay factor (a”~9) was then applied, where (T ) is the most recent time point.

The time-decayed probabilities were calculated as:

~(t t
pl(]) = oT-0 -p-()

For each indicator (j) at time (t), the entropy was calculated using the general Shannon

Entropy formula:
® _ t) (t)
H; kZpl log pu )

where (k = @) ensures the entropy value is standardlzed between 0 and 1. The diversity of

information for each indicator is then derived as:
D(t) 1— H(t)

The final weight for each indicator (j) at time (t) was calculated by normalizing the

diversity of information:

p®

w® =

SR

This time-decay entropy approach allowed us to capture the evolving importance of different
social and governance constructs over time, ensuring that the weights assigned to each latent

variable reflected recent trends while incorporating historical data.

125



4. Results

4.1.The global social and governance performance

A crucial first step in our analysis involves examining the global patterns of social and
governance performance across countries. This allows us to gain an initial understanding of
how countries perform in various aspects of social progress and governance over time
(Anheier et al., 2023). Specifically, we focus on the second-level latent constructs: State
Capacity, Democratic Accountability, Basic Human Needs, and Foundations of Well-being.
The scores for each of these dimensions are derived as the predicted posterior means of the
latent variables for each country across the period from 1990 to 2020. After fitting the BCFA
model, the Bayesian approach generates samples from the posterior distribution of each
latent variable for each country and year (Merkle et al., 2020). This process results in a
distribution of possible values for each latent variable. The posterior mean represents the
average of these sampled values and serves as a point estimate of the latent variable for each

country and year.

The predictions from the Bayesian model are standardized (z-scores) and then normalized
using min-max method to ensure comparability across dimensions. The min and max are set
as the highest and lowest observed values, is applied across all countries and over the entire
period (1990-2020), ensuring that the resulting scores for each dimension reflect how much
countries deviate from the worst performance observed throughout the study period. This
standardized approach is essential for identifying patterns of improvement or stagnation in

different dimensions across countries.

The use of Bayesian posterior means provides a significant advantage over other frequentist
methods. While frequentist techniques generate a single point estimate based on observed
data, the Bayesian approach captures the full distribution of uncertainty, allowing us to
derive more accurate and robust estimates of latent constructs (Merkle et al., 2020). This
means that our model accounts for variability and uncertainty in the underlying data,
providing a more nuanced and reliable measure of each country's performance over time

(Anheier et al., 2023).

Figure 2 shows the scores distribution across nations for each of the four dimensions. Within
the State Capacity dimension, several European countries such as Germany, Sweden, and
Switzerland display high scores (above 90) in 2020, suggesting strong capacity in mobilizing

resources and government coordination. In contrast, the lowest scores in 2020 are observed
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in countries like Yemen and Venezuela, reflecting structural deficiencies in this dimension of
governance. Between these two extremes, many countries, especially in Sub-Saharan Africa
and parts of the Middle East, still face considerable governance issues compared to more
developed countries in Europe and North America. Overall, countries’ performance in the
State Capacity dimension of governance did not improve significantly over the last three
decades, with an increase of only 2.5 points in the average score. Most importantly, the
distribution remained very disparate between 1990 and 2020 (comparing the respective

coefficients of variation).

For Democratic Accountability, a similar pattern emerges, with European countries such as
Denmark, Sweden, and Switzerland achieving top scores (above 95), indicating robust
democratic institutions and practices. Conversely, countries such as North Korea and Syria
score the lowest (below 35), demonstrating significant gaps in democratic processes and
accountability. This contrast highlights the considerable variation in the quality of
democratic governance worldwide, with some countries maintaining high levels of
transparency and accountability, while others struggle with authoritarian governance.
Democratic Accountability worldwide improved slightly more compared to State Capacity
between 1990 and 2020 with an increase of 6 points in the average score. As for the countries’
disparities, the decrease is also more substantial than in the case of State Capacity,

suggesting some degree of convergence in countries’ performance over time.

In the Basic Human Needs dimension, countries like the Netherlands, Iceland, and Norway
achieve the highest score in 2020, thereby showing their advanced ability to meet the basic
needs of their citizens. Conversely, countries such as Somalia and the Central African
Republic score the lowest, suggesting persistent ongoing challenges in providing basic services
like healthcare, clean water, and sanitation. This dimension reveals a stark yet typical
pattern in how basic needs are met globally, with developing nations, mostly Sub-Saharan
countries, often lagging behind. However, countries in this dimension show the most
substantial improvement in terms of the decrease in disparities over time, showing an even
stronger tendency of convergence. Additionally, the average score increased by 13 points
between 1990 and 2020.
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Figure 2: Geographic distribution of State Capacity, Democratic Accountability, Basic Human Needs
and Foundations of Wellbeing score in 1990 and 2020.

Lastly, in the Foundations of Well-being dimension, top performers include countries like
Switzerland, Iceland, and Norway, which excel in providing quality education, access to
information, and a clean environment. On the other hand, countries like Somalia and the
Central African Republic have the lowest scores. The geographical distribution of scores is,
to a great extent, similar to that of Basic Human Needs, but the disparities are generally
more pronounced. In this dimension, countries achieved the most significant improvement

between 1990 and 2020, with an increase of 15 points in the average score.
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When comparing results across all four dimensions, certain countries demonstrate consistent
strengths, while others show imbalances. For instance, Scandinavian countries like Sweden
consistently rank high across all dimensions, indicating well-rounded development in both
governance and social indicators. On the other hand, countries such as Yemen and the
Democratic Republic of the Congo show low scores across multiple dimensions, suggesting

widespread challenges in both governance and social progress.

There are also cases where countries perform well in one dimension but poorly in another.
For example, Russia scores relatively well in State Capacity but has a lower score in
Democratic Accountability, indicating strong capacity, coordination, and resource
mobilization but poor democratic practices. Similarly, countries like Argentina and Brazil
perform relatively well in Basic Human Needs but do not achieve particularly high scores in
State Capacity or Democratic Accountability, suggesting that their ability to meet citizens’

needs may not necessarily align with effective governance structures.

The general pattern reveals that countries in Europe and North America consistently
perform well across all dimensions, indicating a balance between effective governance,
democratic practices, and the ability to meet citizens' needs (Anheier et al., 2023). This
pattern suggests that these countries have established systems that ensure both political
stability and social progress. In contrast, countries in Sub-Saharan Africa, South Asia, and
parts of the Middle East often rank lower across multiple dimensions, highlighting persistent
issues related to governance, democratic accountability, and basic service provision
(Acemoglu & Robinson, 2012).

4.2. The evolving importance of social and governance indicators

Beyond merely assessing how countries perform in social and governance dimensions of their
development, it is equally important to evaluate whether the measures used to assess this
performance maintain their ability to differentiate between countries over time. To clarify
this concept of 'evolving importance,' and considering the previously shown geographic
distribution of scores, it is reasonable to expect that the dimensions (or indicators) less
capable of differentiating between countries by 2020 are those where countries have
converged in their performance (i.e., Basic Human Needs and Foundations of Wellbeing),
both in terms of absolute levels and the reduction of disparities relative to other countries.

Building on the notion of “evolving importance,”

entropy weights provide a measure of how
each dimension contributes to distinguishing differences in the measured social and

governance aspects among countries. Higher entropy weights indicate that a dimension
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retains a higher degree of diversity of information, signifying its relevance in differentiating
country performances (Greco et al., 2019). For instance, when Democratic Accountability
exhibits a high entropy weight, it means there is substantial diversity among countries in

this regard, underscoring its importance in distinguishing levels of governance quality.

The temporal evolution of these weights is directly linked to how countries converge or
diverge in their social and governance performance. As countries exhibit more uniform
improvements in certain dimensions, the degree of differentiation between them diminishes,
which leads to a reduction in entropy weights, reflecting a convergence in performance. On
the other hand, dimensions with rising entropy weights suggest growing disparities, i.e., less
convergence (or even divergence) among countries. Thus, the shifts in these weights over
time illustrate how the global social and governance development landscape is evolving, with
governance dimensions increasingly taking center stage as countries display greater

variability in these aspects compared to social ones.

Figure 3 provides a clearer illustration of the evolving importance of social and governance
measures over time. In 2020, the Democratic Accountability dimension emerged with the
highest diversity of information, indicating its greater ability to differentiate between
countries compared to other dimensions. This reinforces the fact that disparities in
Democratic Accountability, when compared to the other dimensions, did not change that
dramatically between 1990 and 2020. However, the most notable shift occurred in the State
Capacity dimension. Unlike Democratic Accountability, which already had the highest
entropy weight in 1990, State Capacity’s ability to provide discriminant information about
countries’ performance increased substantially over time, making it the second most

important dimension by the end of the period.

Considering such patterns, there has been a noticeable transition from social to governance
dimensions. In 1990, social dimensions such as Basic Human Needs and Foundations of
Wellbeing had relatively higher weights, while State Capacity held a lower weight. By 2020,
however, both governance dimensions experienced a notable rise in their weights, while the
weights of both social dimensions declined. This complete shift became evident in the 2010s,
when the governance dimensions became more informative than the two social dimensions.
From this point onward, governance dimensions consistently held higher entropy weights,
meaning that they became the primary lens through which the differences between countries’

performance can be better understood.

A closer examination at the sub-dimensional level (Figure 4) reveals that each dimension

exhibits its own trajectory of evolution over time. In particular, the social aspects within the
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Basic Human Needs dimension experienced the most significant decrease in entropy weights,
further illustrating the reduction in the ability to differentiate between countries. The
exception is the Personal Safety sub-dimension, which maintained almost the same level of
diversity in information between 1990 and 2020. Conversely, the Shelter sub-dimension
underwent the most substantial loss in its ability to distinguish country performances. This

suggests that countries have generally converged in almost all aspects within this dimension.
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Figure 3: Evolution of diversity of information (i.e., entropy weights) from 1990 to 2020 in State
Capacity, Democratic Accountability, Foundations of Wellbeing and Basic Human Needs. Here the
entropy weights are referred to as “diversity of information” which is what they actually measure. It
Is also important to note that entropy and entropy weights have opposite meanings. Higher entropy

weights are assigned to variables with lower entropy (loss of information) and vice versa.

In contrast, the Foundations of Wellbeing dimension, which encompasses broader aspects of
quality of life, shows a less pronounced evolution in entropy weights. For example, the
entropy weights of areas like Access to Basic Knowledge remained largely unchanged, while
Health and Wellness experienced a slight decline, and Environmental Quality saw a slight
increase between 1990 and 2020. An interesting trend is observed in the Information and
Communications sub-dimension, which started with the lowest entropy weight in 1990,

representing uniform performance across countries, followed by a sharp increase indicating
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a divergence, and then a subsequent decline, signaling convergence in access to information
and communication. This pattern is typical for areas where technological advancements take
time to spread across countries, leading to an initial phase of widening disparities followed
by a catch-up phase (Phillips & Sul, 2009).

Even more striking is the completely opposite evolution observed in the sub-dimensions of
Democratic Accountability. Electoral and social accountability areas followed a U-shaped
pattern, where entropy weights decreased for most of the period before returning to their
initial levels. Apart from institutional accountability, which shows a steady increase, the
other two sub-dimensions indicate a three-phase evolution in countries’ performance.
Initially, there were significant differences, followed by a phase of decreasing disparities, and
by a return to widening disparities, showing the reemergence of divergence in these sub-

divisions of Democratic Accountability.

The evolution of entropy weights in State Capacity sub-dimensions reveals a steady increase
in both delivery and coordination capacities, indicating an expanding divergence in the
ability of governments to organize collective action and implement policies across nations
throughout the recent decades. In contrast, fiscal capacity displays a more stagnant

evolution, suggesting less variations in this aspect among countries.
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Figure 4: Evolution of the diversity of information (entropy weights) in the sub-dimensions of State

Capacity, Democratic Accountability, Foundations of Wellbeing, and Basic Human Needs from 1990
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to 2020. The entropy weights were calculated across all sub-dimensions, meaning that the weight of

each sub-dimension is relative to all others.

These patterns across the various sub-dimensions further highlight the shift from social to
governance dimensions. They illustrate not just a general shift but also how this transition
manifested within specific aspects of each dimension. While social sub-dimensions have either
decreased or remained stable in their entropy weights over time, governance sub-dimensions
have either increased from their initial levels or displayed a U-shaped evolution between 1990
and 2020.

4.3.The growing divergence in governance performance across world regions

Exploring the evolution of entropy weights in social and governance dimensions over time
can be analyzed by world regions. This regional approach helps identify whether the patterns
observed at the full panel level also manifest among countries with similar geographical, and
often also social and economic characteristics. However, it is important to emphasize that
the interpretation here is confined to the extent of disparities (reflected in changes in the
entropy weight of a given dimension) among countries within each region. Consequently,
changes in entropy weight observed within a specific region are independent of other regions.
This perspective aligns more closely with the concept of convergence, particularly sigma
conditional convergence, where countries within a region become increasingly homogeneous

in their performance (Barro et al., 1992; Sala-i-Martin, 1996).

Figure 5 offers a clearer illustration of this regional evolution. For each region, it allows us
to identify and measure the sharpness of the shift from social to governance dimensions in
terms of diversity of information. Figure 5 shows that almost all regions experienced this
shift at a certain point in time. The regions where this pattern can be observed are Central
Asia & Caucasus, Latin America, MENA, Sub-Saharan Africa and to some extent, East Asia
& Pacific. There is a clear and significant shift in entropy weights from social dimensions
(Basic Human Needs and Foundations of Wellbeing) towards governance dimensions (State

Capacity and Democratic Accountability).

This shift is particularly evident from the mid-1990s onwards, with governance indicators
increasingly showing the highest weights, reflecting growing disparities and divergence in
governance aspects across the countries in this region. In 1990, the social dimensions held
most of the entropy weight. However, starting in the late 1990s, Democratic Accountability
and State Capacity began to show a rising trend in their weights. With State Capacity and

Democratic Accountability consistently exhibiting the highest weights across these regions
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by the end of the period. this trend suggests that disparities in governance performance

became more pronounced across most countries.

Central Asla & Caucasus East Asia & Pacific
[=
2 Democnatic Accountasilky
g 04 3 — Stale Capacty
5 .\ _/-/ (O— Suto Capaciy 0.30 S p————
5 03 &
-y #o 0.25
i gﬂ )2t
2 02 Toundators of Wollxsag
a L o
o Foundatens of Woibeing 0.20
— Tt Basic Human Noods
Europe/North America Latin America & Caribbean
tmrocr Anmamiabiity
04 O sime Capacity
9] O St Capacty

Democrtic Accourtabary. Had

% !?‘c_-’ﬂ"ﬂigpfy
0z 0z
Foundations of Weltwing
_ Faundatons of Wallaag
01 sl Fiasic Human Koods B Hitriar Biouds
Middle East & North Africa South Asia
Saate Capac
o i 0.4
rﬂbwwm.&xurwu
0.3 03 Stats Capacty

o =' i < Domocran: Aogounabiity
Fourstators of Welkeesg

0.2
0.2 % Basi; Hurman Noods
(9] Fanndaons af Wallsing
[
Basic Human Newds

Sub-Saharan Africa

Domocric Acourtatdry
0.30 (G St Capuacily
0.25

Foundauons of Wetlsing

i

290 Q

1595
2020

o
L

=]
=1

2000

1
2
2

(

020
o Bankc Human Noaos

1940

7]
@
&

2000
2015
2020

2008
2010

o

Figure 5: Evolution of social and governance dimensions' entropy weights from 1990 to 2020 by world

!

region. Countries in Europe and North America were grouped together as 'Europe/North America,

since entropy weights cannot be reliably calculated based on a sample of only two countries.

The significant increase in the entropy weight of State Capacity indicates that the above-
mentioned regions experienced a growing divergence in how countries of these regions
developed their state institutions and government structures (Fortin, 2010). Likewise, the
sharp rise in Democratic Accountability weights implies an increasing disparity in democratic
practices, possibly reflecting varying levels of political reforms and democratization efforts
across countries in this region. By 2020, the dominance of governance dimensions, especially
Democratic Accountability, highlights that governance-related disparities remain a critical

and defining characteristic of countries’ performance. This pattern underscores the divergent
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paths taken by countries in these regions, contrasting with the more homogenous

performance observed in the early 1990s.

In Europe/North America, State Capacity has consistently maintained its highest weight
since the beginning of the period. Democratic Accountability's weight has steadily increased
over time, eventually surpassing both Foundations of Wellbeing and Basic Human Needs.
What is particularly striking is that the change in weights across the four dimensions is less
abrupt compared to other regions, indicating that disparities among countries have evolved
at a more gradual pace. This suggests that countries in Europe/North America experience
a relatively steady level of divergence in both governance and social dimensions over time,
rather than a rapid shift. This trend can be explained by the fact that countries are starting
from high levels of performance across all dimensions. As such, the shift in entropy weights
is more tempered, reflecting consistently moderate disparities across all dimensions rather

than a pronounced reallocation from social to governance aspects.

South Asia presents a somewhat similar pattern in terms of balanced weights across
dimensions, but with an entirely different underlying context. The persistent proximity of
weights magnitude in all dimensions indicates that disparities across countries remained
evenly distributed across both social and governance indicators. However, unlike
Europe/North America, countries in South Asia are operating from a position of initially
poor performance in all these dimensions. This context reflects that countries are still
struggling to converge towards better outcomes, and hence, the equal representation of
disparities across dimensions mirrors the ongoing challenges in achieving uniform progress

in both social and governance aspects.

Thus, the key distinction between the two regions lies in their starting points and levels of
development. Europe/North America has consistently performance highly with less
pronounced shifts from social to governance dimensions, while South Asia, starting from a
lower performance baseline, records an ongoing struggle to achieve balanced progress in both

governance and social dimensions.

5. Discussion

In this section we provide an in-depth analysis of the methodological and conceptual
implications of our findings, with particular attention to how the evolving importance of
social and governance dimensions influences the construction of composite indicators over
time. This section first addresses the methodological implications (Section 5.1), focusing on

the significance of entropy weights as a dynamic weighting scheme that reflects uncertainty
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and shifts in indicator importance. By comparing entropy weights with traditional equal
weighting approaches, the discussion highlights the advantages of entropy-based weighting
in capturing changes in countries' performance and reducing biases from correlated

indicators.

Following the methodological considerations, we then explore the conceptual implications
(Section 5.2) of the observed shifts from social to governance dimensions as focal points of
development. This discussion underscores how the changing disparities in these dimensions
indicate an evolving landscape where governance issues like State Capacity and Democratic
Accountability increasingly define countries' development trajectories. Through these two
subsections, we aim to contextualize the findings within broader theoretical frameworks,
offering insights into the progressive shifts in the factors that shape quality of life and

governance across countries.

5.1. Methodological implications

The evolving importance of social and governance dimensions highlights the dynamic nature
of the measures used to monitor countries’ progress over time, which has significant
implications for constructing composite indicators longitudinally (Anheier et al., 2023).
Entropy weights play a crucial role in this process by accounting for uncertainty. At any
given point, they can serve as a representation of indicator variability, similar to how
Principal Component Analysis employs factor loadings as weights for individual indicators
(Greyling & Tregenna, 2016; Wu et al., 2022). However, in a longitudinal context, entropy
weights are distinct in that they directly reflect changes in indicator’s information content,
thereby capturing shifts in countries’ most pressing areas of progress as the diversity of

information decreases in one aspect and increases in another.

In Multi-Criteria Decision Making (MCDM) methods, changes in indicators’ information
content serve as an objective criterion for weight determination, which is particularly relevant
for evolving social and governance conditions (Zhou & Ang, 2009). Unlike subjective or
arbitrary weighting methods, entropy weights derive directly from the data, reflecting actual
uncertainty within each dimension over time (Saltelli, 2007). This approach aligns with the
need for transparency, ensuring that the weighting is responsive to genuine shifts in social

and governance dimensions rather than predetermined assumptions (Greco et al., 2019).
Moreover, in the context of highly uncertain social and governance outcomes, where

countries’ performance can vary widely, entropy weights adapt to these uncertainties,

enabling more accurate tracking of dynamic changes over time. By capturing changes in
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indicators’ information content, this method objectively reflects how countries’ performance
evolves across these dimensions. This dynamic adjustment makes entropy weights
particularly suitable for capturing the complex and fluctuating nature of social and

governance conditions on a global scale.

Compared to the equal weighting approach, the use of entropy weights offers a more nuanced
and objective alternative. While equal weighting is often selected for its simplicity and
perceived fairness, it lacks theoretical grounding and does not account for the varying nor
evolving importance of different indicators. This approach assumes that all dimensions or
indicators contribute equally to the composite measure, which gives no regard to the
differential importance of the indicators covered by the composite measure. In contrast,
entropy weights are data-driven, calculated based on the uncertainty present in the data.
This makes them a more objective measure, as they reflect the actual distribution and

significance of each indicator across countries.

Moreover, a significant limitation of equal weighting is its inability to address the issue of
correlation among indicators, which may result in the unintended "double counting' of
certain dimensions. This occurs when correlated indicators are treated as separate, thereby
amplifying their impact on the overall measure. Entropy weights, however, inherently adjust
for this by taking into account the information content in each dimension, ensuring that
correlated indicators do not disproportionately influence the results. This dynamic nature of
entropy weights makes them particularly valuable in longitudinal studies, as they adapt over
time, revealing changes in disparities and shifts in countries' performance in social and
governance conditions more accurately than the static, one-size-fits-all equal weighting

approach.

Most importantly, using entropy weights as a time-varying weighting approach reduces the
risk of composite index scores being overly influenced by countries’ performance in less
informative outcomes. Over time, as certain aspects of quality of life become more
consistently achievable than others, country scores provide a more accurate reflection of
these changes through an aggregation process that incorporates the evolving entropy weights.
As our results indicate, many countries that have achieved high performance in key social
aspects, such as nutrition and sanitation, still face persistent challenges in governance
dimensions like electoral and social accountability. A reliable composite index score is one

that remains sensitive to these imbalances across diverse dimensions of quality of life.
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5.2. Conceptual implications

The observed shift from social to governance dimensions signifies that the key areas where
countries face disparities are changing, reflecting a broader evolution in the factors driving
countries’ progress. Initially, countries across the globe displayed the most significant
variability in basic aspects of quality of life, such as nutrition, basic medical care, or access
to water and sanitation, but over time, they have shown substantial improvement and
convergence in these areas. As highlighted in the results, there was a 13-point increase in
the average score for the Basic Human Needs dimension from 1990 to 2020, and the
disparities among countries in this dimension have noticeably decreased, indicating a

narrowing gap in essential social services provision.

However, the growing emphasis on governance dimensions like State Capacity and
Democratic Accountability reflects that countries are now facing more pronounced
differences in governance structures and practices. The increasing entropy weights in these
dimensions signal that disparities in state effectiveness, government coordination, and
democratic accountability have become the defining features of contemporary development
challenges. As seen, State Capacity scores increased only marginally (by 2.5 points) over
1990-2020, with little change in disparities, indicating a persistent challenge in strengthening
governance worldwide. These findings suggest that we are witnessing a phase where the
emphasis is shifting from mere fulfillment of basic needs to addressing more complex

governance-related issues, which require different strategies and policies.

Understanding this shift is crucial for gaining insight into the varying phases of development
that countries undergo, each marked by different levels of uncertainty in different outcomes.
This transition highlights the evolving nature of development, where countries move from
achieving certainty in the essentials of quality of life to grappling with the uncertainties of
governance performance. For instance, while social dimensions like Basic Human Needs saw
significant convergence, governance dimensions have shown increasing divergence,
particularly in Central Asia & Caucasus, Latin America & the Caribbean, Middle East and
North Africa, and Sub-Saharan Africa.

This shift thus represents a movement beyond dimensions of quality of life that are closely
related to income. It offers evidence of countries’ development trajectories evolving in ways
that income alone cannot capture. Countries are increasingly differentiated by their
governance structures, democratic accountability, and state capacity rather than just extent

of their resources. This perspective enriches our understanding of development, emphasizing
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that progress is multifaceted, and that governance plays an increasingly central role in

shaping how nations develop.

6. Conclusion

This study set out to explore the evolving importance of social and governance dimensions
in tracking countries’ progress over time. By applying entropy weights, the analysis aimed
to capture shifts in uncertainty and disparities across the four dimensions (State Capacity,
Democratic Accountability, Basic Human Needs, and Foundations of Well-being),
showcasing the usefulness of this method as a time-varying weighting method and providing

insights into how countries' development trajectories have evolved from 1990 to 2020.

The results reveal a significant shift in importance from social dimensions to governance
dimensions over the studied period. Initially, countries displayed the most variability in social
aspects but showed substantial improvement and convergence over time. In contrast,
governance dimensions, State Capacity and Democratic Accountability, experienced
increasing entropy weights, signaling that disparities in governance practices have become
more pronounced. This transition highlights that contemporary development challenges are

increasingly rooted in governance performance rather than just in meeting basic social needs.

It is also worth noting that an increase or decrease in entropy weights should not be
interpreted as a negative or positive trend in countries' performance. Instead, it reflects the
degree to which countries are performing uniformly. Specifically, while the decrease in
entropy weights of social indicators (compared to governance indicators) indicates a reduced
ability of these indicators to highlight differences between countries, it also shows a general
reduction in disparities among countries (sigma convergence) which might also imply an
improvement in countries' performance (beta convergence). In this sense, indicators become

less effective at distinguishing between countries as they improve and converge.

While this study provides valuable insights, there are notable limitations that future research
should address. Firstly, the current analysis focused on a limited set of latent constructs,
and expanding the coverage to include other relevant social and governance aspects would
provide a more comprehensive understanding of countries' development trajectories.
Secondly, the entropy measure used was discrete, which might not fully capture the nuances
of continuous data. Employing differential entropy could enhance the accuracy of entropy
weights in handling continuous variables, allowing for a more precise analysis of countries'
performances. Lastly, the analysis did not differentiate between country income groups,

which may mask important variations in how social and governance dimensions evolve.
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Future studies could investigate how entropy weights differ across low, middle, and high-

income countries to identify unique patterns of convergence and divergence.
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Sustainable development of countries necessitates parallel enhancements of societal wellbeing and reductions of
environmental impacts. To track how countries perform to achieve these twin objectives, we introduce and
calculate a novel metric called the Just Transition Score (JTS) that aims to assess countries’ relative sustainability
of social progress. Based on the content of environmental impacts per unit of progress, we calculate the JTS for
161 countries from 2011 to 2019. Additionally, we break down the aggregate indicator into two main compo-
nents, namely the Carbon Just Transition Score, and the Material Just Transition Score. The results show sig-
nificant disparities across countries both in terms of the overall JTS and its components. Countries with the best
JTS performance, such as Portugal, Spain, and Costa Rica achieve the most sustainable social progress, while
countries with the lowest JTS scores either fall short on social progress (the poorest countries) or create high
environmental damage (such as the Gulf countries). The relative sustainability of social progress of poorer
countries can be improved by increasing societal wellbeing while limiting growth of their environmental im-
pacts. In richer countries, improvements would require more aggressive measures aimed at reducing the extent of
environmental damage.

1. Introduction

Sustainable development of societies around the world requires im-
provements of societal wellbeing and reductions of environmental
damage, and these twin objectives need to be achieved in parallel. This is
clearly reflected in the current global development agenda — while most
of the Sustainable Development Goals (SDGs) aim at improving societal
wellbeing, two of them (Goals 12 and 13) primarily focus on the
reduction of global environmental damage.’ As evidenced multiple
times in the past, the simultaneous achievement of these two objectives
is complicated by possible trade-offs (e.g. Neumayer, 2016), which is
illustrated by positive correlations between the levels of human well-
being and environmental impacts (Millward-Hopkins et al., 2020).

It was also confirmed that countries differ in how they are able to
pursue these twin objectives (Fanning et al., 2022). This can be analyzed
by tracking the environmental efficiency of wellbeing, which shows how

countries are able to transform their environmental resources to foster
wellbeing (Fanning et al., 2020). Metrics that measure such efficiency
integrate societal outcomes and indicators of environmental impacts,
usually in the form of a ratio of wellbeing (output) in the numerator, and
environmental impacts (input) in the denominator (Dietz et al., 2009;
Knight and Rosa, 2011). It can be argued that countries with higher
efficiency have a more sustainable wellbeing, and vice versa.

Existing indices measuring the sustainability of wellbeing often rely
on economic proxies (e.g., income) or narrowly defined indicators of
wellbeing (e.g., life expectancy). Likewise, global environmental impact
indicators frequently focus solely on carbon emissions. However, such
narrow measures do not adequately capture the multifaceted nature of
societal wellbeing and environmental sustainability. Furthermore, due
to a strong association with environmental damage, the use of income as
a wellbeing metric can obscure the understanding of the ways in which
countries are able to achieve similar levels of wellbeing with
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! Apart from Goals 12 (Responsible consumption and production) and 13 (Climate action), there are additional SDGs that focus predominantly on the more local
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significantly different environmental impacts (or vice versa).

To address this, in our paper we define and construct a new measure
of sustainable societal wellbeing, which we call the Just Transition Score
(JTS). While its theoretical and methodological grounding is derived
from the concept of environmental efficiency of wellbeing, its policy-
oriented objective is to provide insights on countries’ ability to ach-
ieve a “Just Transition”, i.e., a simultaneous shift of countries towards
high societal outcomes for their populations (“Just”) and low or no
environmental impacts (“Transition” to low impact economies), simi-
larly to Winkler (2020). Additionally, by employing a broader set of
social and environmental indicators, and by excluding economic factors,
the JTS provides a more nuanced view of how countries balance their
societal wellbeing with environmental sustainability.

Our paper therefore responds to the universal need for more
comprehensive and geographically representative approaches to
measuring countries’ performance in the sustainability of wellbeing. By
expanding the range of indicators measuring societal wellbeing beyond
what is typically examined in the literature (Gough, 2015; O'Neill et al.,
2018), our approach goes even further than the Human Needs Theory
(Max-Neef, 1991), which forms the basis of the safe and just space
framework. Consequently, the JTS also addresses the fundamental
question raised by Neumayer (2016) of what aspects of wellbeing should
be sustained.

In this regard, our paper is novel in at least two ways. First, we work
with the Social Progress Index (SPI) which represents one of the most
comprehensive efforts to measure societal wellbeing of countries, in-
dependent of economic proxies. By using 60 social outcome indicators, it
covers 12 aspects of societal performance while no economic indicator is
used in the Index framework (Stern et al., 2022). Second, while the
rationale of the Just Transition Score is derived from environmental
efficiency approaches, our goal is to track the relative sustainability of
societal wellbeing (social progress) rather than the input-output effi-
ciency itself. We therefore start off by focusing on the content of envi-
ronmental impacts in each unit of social progress, i.e., we express the
ratio as the environmental impacts over social progress, which is rather
an intensity approach (Dietz et al., 2012; Jorgenson, 2014; Jorgenson
and Dietz, 2015; Irshad et al., 2021). Countries with relatively high
content of environmental damage in one unit of social progress have the
least sustainable social progress, and vice versa.”

It needs to be emphasized that the JTS is designed as a measure of
relative sustainability of social progress. The best JTS scores imply the
most sustainable social progress (compared to others) in the sense that
they combine relatively high levels of social progress with relatively low
environmental impacts. They do not necessarily mean that social prog-
ress of the best performing countries is environmentally sustainable in
absolute terms, i.e., that their environmental impacts are below the
planetary (per capita) thresholds.

The aim of the paper is to define, design, and construct the Just
Transition Score (JTS) as a novel and unprecedently comprehensive
composite metric of countries’ relative sustainability of wellbeing. Our
objective is to offer insights into how countries sustain societal well-
being throughout a pre-Covid period, using measures that exclude in-
come and other economic factors. Based on the scores for 161 countries
from 2011 to 2019, we explore and compare global patterns of the JTS
and its two sub-indices (Carbon Just Transition Score and Material Just
Transition Score). Furthermore, we investigate the relationship between

2 Moreover, unlike other approaches to the sustainability of wellbeing, we
attempted to incorporate the aspect of biodiversity into our metric. However,
given the conceptual limitations combined with the unavailability of indicators
with global coverage, we were only able to employ a measure of countries’
performance in preserving biodiversity rather than having biodiversity impact
indicators. For this reason, we incorporated the biodiversity indicator into the
wellbeing metric of social progress (see below) rather than treating it separately
in the calculation of the Just Transition Score.
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the JTS of countries and their level of economic development, as
measured by the GDP per capita.

The rest of the paper is organized as follows. In the next section, we
present the literature review on the environmental efficiency and sus-
tainability of wellbeing. We then outline the conceptual framework of
the new metric, describe the indicators, data, and calculation procedures
used to create the JTS. The subsequent sections analyze the results and
discuss the findings in terms of their empirical and policy implications.
The last section concludes.

2. Literature review

To achieve sustainable development, countries need to simulta-
neously pursue a twin objective of improving societal wellbeing while
limiting their environmental impacts. The concept of environmental
efficiency (or intensity) of wellbeing has its foundations exactly in this
definition of sustainability. That is to minimize anthropogenic envi-
ronmental impacts® while simultaneously maximizing human well-
being, thereby striking a balance between societal demands on the
environment and the wellbeing of current and future generations (Dietz
et al., 2009; Prescott-Allen, 2001). This conceptualization of sustain-
ability is further justified by the fact that countries may achieve similar
levels of wellbeing at widely varying levels of environmental impacts,
which makes some countries more environmentally efficient (or more
sustainable) than others (Dietz et al., 2009; Knight and Rosa, 2011;
Marks et al., 2006).

Historically, researchers have repeatedly attributed these differences
to the curvilinear nature of the relationship between measures of well-
being and measures of environmental damage, with higher levels of
environmental impact contributing less and less to wellbeing, i.e.,
showing diminishing marginal returns (Layard, 2005; Dietz et al., 2001;
Inglehart and Klingemann, 2000; Goldstein, 1985; Preston, 1975). These
early findings have led to different approaches in the assessment of
countries’ sustainability, aiming at measuring sustainability in a more
synthetic manner. This includes indices focusing on the relative per-
formance of countries in achieving wellbeing with the lowest levels of
environmental impact.

The first attempt to consider both wellbeing and environmental
damage in a measure of environmental efficiency of countries was car-
ried out by Dietz et al. (2001) and Prescott-Allen (2001). The method
consisted of calculating a ratio with infant mortality in the numerator
(serving as a proxy of wellbeing) and an index combining the per capita
Ecological footprint and the Environmental Systems Indicator in the
denominator. Here, the Ecological footprint represented a
consumption-based measure of environmental impacts while the Envi-
ronmental Systems Indicator, a sub-measure of the Environmental Sus-
tainability Index, served as a metric of environmental quality
(Samuel-Johnson, 2001). The wellbeing to environmental damage ratio
design has been adopted by several other researchers in a variety of
measures. The most prominent of these is the Happy Planet Index (Marks
etal., 2006; Abdallah et al., 2009), formulated as the ratio of the average
life satisfaction (a subjective measure of wellbeing) multiplied by life
expectancy in the numerator, and the Ecological footprint in the de-
nominator. The Index was then refined both conceptually and method-
ologically by Ng (2008).

The main limitation of the ratio approach is that the result is usually
disproportionately influenced by the variable with a higher variation.
For instance, environmental damage measures such as carbon emissions
are significantly skewed (meaning that few countries account for most
emissions), and they also have higher variation. This means that the
ratio is more influenced by these variables with higher variation,
yielding misleading results for countries with the lowest amounts of

3 Note that in this paper, we use environmental impact(s) and environmental
damage as synonyms.
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environmental damage, which are depicted as the most sustainable
regardless of their level of wellbeing. The issue was recognized by Marks
et al.,, 2006 and then addressed by Dietz et al. (2009). The proposed
solution consisted of equalizing the coefficients of variation of the
numerator and denominator by adding a constant to the term with a
higher variability, allowing for a linear transformation that adjusts the
mean without changing the variance. Knight and Rosa (2011) empha-
sized that this approach transforms the ratio to an indicator of position
in the distribution rather than a measurement of the absolute carbon
footprint of wellbeing.

A very similar approach to maximizing societal wellbeing while
limiting environmental impacts focuses on the environmental (or
ecological) intensity of wellbeing rather than the efficiency (Dietz et al.,
2012; Jorgenson, 2014; Jorgenson and Dietz, 2015; Irshad et al., 2021).
This intensity is defined as the ratio of the environmental indicator to
the wellbeing indicator. To achieve sustainable development, countries
need to decrease the environmental intensity of their wellbeing. The
lowest intensity values mean that higher wellbeing levels are achieved
with lower environmental impacts.

Sustainability metrics, including those based on environmental ef-
ficiency and intensity approaches, can be divided in two groups ac-
cording to weak or strong sustainability principles (Usubiaga-Liano and
Ekins, 2024). Weak sustainability operates under the premise that nat-
ural and other types of capital are largely interchangeable, and it focuses
on maintaining or increasing the overall value of the capital stock for
future generations. This approach quantifies the environmental damage
associated with societal wellbeing. It resembles an optimization prob-
lem, where environmental impact or resource use indicators are seen as
undesirable inputs or costs, while social achievements are treated as
desirable outputs (Reinhard et al., 2000). The resulting scores are used
to rank and identify countries with optimal or most efficient perfor-
mances at varying levels of environmental impact (Sun et al., 2019).

A contrasting stream of research is based on the perspective of strong
sustainability which rejects the idea of substitutability, particularly
regarding natural capital. It asserts that certain forms of natural capital
are indispensable and cannot be offset by investment in other forms of
capital, such as manufactured or human capital (Hickel, 2020). Sus-
tainability performance of countries is evaluated against stringent
thresholds of social shortfalls and environmental overshoot (Gough,
2020; Raworth, 2017). Recent contributions define the boundaries of a
“safe and just space” relevant to all countries (Fanning et al., 2020,
2022; O’'Neill et al.,, 2018). This framework combines planetary
boundaries (i.e., environmental limits within which humanity can safely
operate — see Rockstrom et al., 2009; Steffen et al., 2015) with societal
development targets linked to the SDGs to delineate a space where
human needs are met without compromising the sustainability of
Earth’s systems.

One of the most prominent strong sustainability approaches to
environmental efficiency is the Sustainable Development Index (SDI)
elaborated by Hickel (2020). The SDI calculation procedure consists of
dividing the Human Development Index (HDI) by an “ecological impact
index” calculated as the average overshoot of planetary boundaries of
carbon emissions and material footprint.” It is the inclusion of this
overshoot threshold that aligns the SDI more with the strong sustain-
ability approach to measuring environmental efficiency. Yet, it is still
argued that the scope of the HDI as the development index is limited and
that more areas of wellbeing should be included in such a metric
(particularly indicators related to basic physical needs, such as access to

4 Related efforts were focused on integrating environmental and sustain-
ability indicators into the HDI (Hirai, 2017). For instance, early attempts con-
sisted of including per capita carbon emissions alongside the other HDI
indicators and aggregating them using the geometric average (Togtokh and
Gaffney, 2010; Bravo, 2014), which later resulted in the Planetary
pressures-adjusted HDI (UNDP, 2023).
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food, electricity, improved sanitation, and housing) (Hickel, 2020).

The environmental efficiency literature also encompasses other
nonparametric approaches. They are generally based on the specifica-
tion of inputs and outputs, and they measure countries’ efficiency as the
ability to optimize the outputs (wellbeing) with a given level of inputs
(environmental damage). These methods range from Stochastic Frontier
Analysis to Data Envelopment Analysis, and while they are statistically
more elaborate, they are also prone to misspecification (Reinhard et al.,
2000; Corsatea and Giaccaria, 2018; Sun et al., 2019). It is especially the
case with wider geographical coverage of countries since these methods
assume all countries (or decision-making units) are homogenous in
terms of the relationship between inputs and outputs (using the same
“technology” or “production function™).

For this reason, as well as to obtain a straightforward interpretation
based on a more transparent calculation procedure, the ratio design
represents an appropriate approach to the environmental efficiency of
wellbeing. However, the composition of indicators both in the numer-
ator and denominator of the ratio should ideally cover a wider range of
wellbeing or environmental aspects (O’Neill et al., 2018). In the envi-
ronmental area, the scope should extend beyond just carbon emissions
and include other dimensions of sustainability. One of the options is to
use material footprint as it takes into account the impact of material
extraction from terrestrial and marine ecosystems (Hickel, 2020).
Moreover, due to its robust empirical grounding (Krausmann et al.,
2009), this indicator has been widely used in the literature as a proxy of
environmental impact (Hickel, 2020; O’Neill et al., 2018).

The Ecological footprint represents another option to extend the
environmental measures (Borucke et al., 2013). Moreover, it could be
argued that it is a sufficient measure of environmental impacts because
of its holistic nature. However, it is also heavily reliant on carbon
emissions since it is measured as the capacity of different ecosystems to
absorb the emissions. This also means that the Ecological footprint
would show no indication of environmental damage in case carbon
emission were reduced to zero, even if the ecosystems continue
collapsing (Hickel, 2020; Van den Bergh and Grazi, 2014). For this
reason, and based on Hickel (2020), the combination of material foot-
print and carbon emissions constitutes a more adequate way of
approximating the environmental damage.

The incorporation of material footprint as an indicator of human
environmental impact does not capture directly other key environ-
mental issues, but rather the human impact on ecosystems which result
in different environmental damage, such as biodiversity loss (Wilting
et al., 2017). There are indicators that take these other issues into ac-
count, for example the Environmental Performance Index (EPI). Its 2022
edition consists of three broad dimensions, namely Environmental
Health, Ecosystem Vitality, and Climate Change (Wolf et al., 2022).
However, the index is not appropriate for measurements of sustain-
ability of wellbeing for at least two reasons: first, the Environmental
Health dimension is directly related to wellbeing, consisting of (envi-
ronmental) wellbeing indicators; and second, the Climate Change
dimension focuses on mitigation rather than on environmental impacts.
Nevertheless, the holistic nature of the EPI is appealing and some ele-
ments, especially from the Ecosystem Vitality dimension, can be
considered in a more complex attempt to measure the sustainability of
wellbeing.

On the wellbeing side of measurement, a wider range of aspects
should be covered as well (Hickel, 2020), ideally including both sub-
jective and objective measures of wellbeing. While there are many
indices measuring various aspects of wellbeing, the SPI represents one of
the most comprehensive efforts to measure societal progress of countries
(Stern et al., 2022). Using 60 social outcome indicators, and indepen-
dently from economic metrics, it holistically covers 12 key aspects of
societal performance (from basic needs, such as access to water or
electricity, to rights and freedoms) for 169 countries over 2011-2022.
This comprehensiveness makes the Index a suitable indicator for
assessing the sustainability of social progress.
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3. Framework, data, and methods

In this section, we briefly outline the conceptual framework for the
construction of the JTS. We then discuss the indicator selection and
describe the data. Lastly, we detail the methodological steps and the
calculation procedure that we follow to calculate the JTS, considering
the principles for constructing composite indices by the European
Commission’s Joint Research Center (Nardo et al., 2008) and the con-
ceptual recommendations set out in Kwatra et al. (2020).

3.1. Conceptual framework

Sustainable development requires that countries are able to simul-
taneously pursue improvements in societal wellbeing while limiting
their environmental impacts, which is inherent in the concept of envi-
ronmental efficiency (or intensity) of wellbeing. This is also closely
related to the concept of Just Transition which has been defined and
used in different contexts (as summarized for example by Wang and Lo,
2021). However, in the context of the global climate agenda, Just
Transition is anchored in the notion of leaving no-one behind in the
process of transition to climate-neutral, low carbon economies (e.g. UN,
2023; EU, 2021). This rationale also underpins the JTS which we define
as a measure of countries’ ability to achieve positive societal outcomes
for their populations while implying minimal environmental impacts.

The conceptual framework of the JTS is based on the link between
social outcomes and biophysical resource use (consumption) manifested
through the material and carbon footprints (O’Neill et al., 2018). While
it can be argued that the link between societal wellbeing (social prog-
ress) and environmental impacts is less evident than in the case of
economic wellbeing (income),S there is a fundamental dependence of
social outcomes on the planet’s ecosystems and the resources they
provide, as established, for example, by Daly’s (1973) end-means
spectrum. Furthermore, this dependence is mediated by complex pro-
visioning systems, which Fanning et al. (2020) define as a set of related
elements that work together in the transformation of resources to satisfy
a foreseen human need (for example, food and water infrastructures act
as provisioning systems for fulfilling nutrition and sanitation needs). The
extent to which a society achieves adequate levels of wellbeing with
minimal environmental damage primarily depends on whether its pro-
visioning systems use resources sustainably to meet the societal needs.
However, it is beyond the scope of this paper to link particular social
outcomes to their respective provisioning system.

Instead, we link aggregate measures of environmental impacts and
societal wellbeing using the environmental intensity approach, and by
following the above-mentioned definition of just transition. As shown
further in the text, better social outcomes are on average strongly
associated with higher carbon and material footprints, but some coun-
tries have relatively less environmentally intensive wellbeing than
others. The analysis that follows should provide a better understanding

5 Admittedly, environmental impacts are strongly related to the economic
system which, in turn, is also closely connected to social progress. This is
empirically documented by high correlations between GDP per capita and both
carbon footprint and SPI. However, there is also a strong and positive associ-
ation between SPI and environmental impacts (see Fig. 8 in the discussion
section), which persists (but weakens considerably) even if GDP per capita is
controlled. One of the possible explanations may be in the conceptual frame-
work of SPI itself: parts of social progress (water, sanitation, housing,
communication means) are more related to the economic system (and therefore
also to environmental impacts) than others, which may be more related to
human capital (education, health) or societal achievements such as safety,
rights, freedom, and inclusiveness.
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of global patterns in the relative sustainability of wellbeing.

The JTS represents a measure of relative environmental sustain-
ability of social progress,® and unlike traditional metrics of environ-
mental efficiency of wellbeing (Marks et al., 2006; Abdallah et al., 2009;
Dietz et al., 2009; Hickel, 2020), it is expressed as a ratio of the envi-
ronmental indicators to the wellbeing indicator. It is therefore based on
the content of environmental impacts in each unit of social progress,
which is rather an environmental intensity of wellbeing approach (Dietz
et al., 2012; Jorgenson, 2014; Jorgenson and Dietz, 2015; Irshad et al.,
2021). Countries with relatively high content of environmental damage
in one unit of social progress have the least sustainable social progress,
and vice versa. In this sense, the JTS per se needs to be understood as a
metric that follows the principles of weak sustainability.

The JTS allows for a measurement of the ability of countries to
achieve societal progress for their populations’ (which is considered the
“just” part of the measurement) while reducing their burden on global
environmental sustainability (which is considered the “transition” part
of the measurement, emphasizing that countries must transform to
economies with low or no environmental impacts). Therefore, the JTS
forms an environmental sustainability measure accounting for the per-
formance of countries in societal progress (as measured by the SPI) as
well as for the extent of global environmental damage.

3.2. Data

We use the 2022 edition of the SPI to measure social progress of
countries (Harmacek et al., 2022). This is a composite index that orig-
inally groups 60 social outcome indicators into 12 components to
measure social performance of 169 countries globally. The 12 compo-
nents are aggregated into three dimensions (each of four components)
which form the final Index. The performance of countries is measured on
a scale from 0 to 100,° and the Index covers the period from 2011 to
2022. The structure of the Index, including the individual indicators, is
captured in Fig. 1.

To approximate the environmental impacts, and based on Hickel
(2020), we employ two variables — carbon (CO2) footprint per capita,
and material footprint per capita. The carbon footprint variable is
consumption-based, meaning that the emissions caused by the produc-
tion of imported goods are added to domestic ones, while the emissions
caused by exported goods are removed, which thereby corrects for
spillovers from international trade. The data come from the Global
Carbon Project (Friedlingstein et al., 2022) and are measured in tons per
capita. They cover only 117 countries, so to increase the number of
observations, we imputed missing values for several countries using the
random forest method with various fuel-types of production-based CO2
emissions per capita and material footprint per capita as predictors.
With imputed values, the indicator covers 168 countries over
2009-2020.

The material footprint indicator is, by definition, consumption-based
since it provides a view of a country’s material consumption that fully
accounts for extraction in other countries that is used for local con-
sumption, and for domestic extraction that is used for consumption in

® The initial version of the Just Transition Score published by the Social
Progress Imperative, 2022 measured only the carbon sustainability of social
progress. This paper is based on the idea presented in the updated version of the
indicator (Social Progress Imperative, 2023).

7 The SPI consists of indicators that reflect both objective and subjective
perspectives of wellbeing. Whenever feasible, the raw indicators are expressed
in terms of population rates, thereby allowing the final index scores to mirror
the actual social conditions as experienced and perceived by citizens of a given
country at a particular time.

8 The Index score is scaled 0-100 where 0 implies the worst- and 100 the best
possible performance. The best and worst values are defined for each indicator
separately based on the type of indicator. Full methodology for best- and worst-
case definition is outlined in Stern et al. (2022).
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Source: Stern et al. (2022). Note: The Index was recalculated by the authors using Biodiversity and habitat protection instead of the Species protection indicator in
Environmental Quality to account for the issue of biodiversity (protection) in our measurements.

other countries. The data for this variable come from the OECD database
(OECD, 2023) and are provided in tons per capita, covering 163 coun-
tries over 2008-2019.

A complex measure of sustainability of wellbeing should ideally
encompass other environmental issues as well. As already shown, the
SPI includes indicators that directly measure environmental wellbeing
(air pollution, water pollution, lead exposure, etc.). Therefore, our focus
is shifted particularly to ecosystem-related issues such as biodiversity
loss. However, such biodiversity impact indicators with good country-
level global coverage are not readily available.” On the other hand,
data exist on local biodiversity protection efforts, such as the Biodiver-
sity and Habitat issue category from the 2022 Environmental Perfor-
mance Index (Wolf et al., 2022). This indicator is available for 192
countries from 2011 to 2022,'° and given its focus, it conceptually fits
into the SPI, and more specifically into its Environmental Quality
component. Since it also works statistically with the other indicators
within that component, we incorporate this indicator directly into the
SPI framework using the standard SPI methodological procedures (Stern
etal., 2022) - to capture the issue of biodiversity, at least partially, in our
measurement.

We also considered some other indicators for the JTS, such as the
Ecological Footprint and the related per capita biocapacity indicator
(Footprint Data FoundationYork University Ecological Footprint Ini-
tiativeand Global Footprint Network, 2023). The Ecological Footprint is
used as an environmental damage indicator in the Happy Planet Index
(Marks et al., 2006; Abdallah et al., 2009). However, both variables were
eventually excluded for conceptual reasons since there was a significant

9 We have explored several options for a possible approximation, such as the
IUCN Red List Index (IUCN, 2023; Luedtke et al., 2023). However, we have
decided to exclude this indicator for statistical and data availability reasons.

10 Based on seven individual indicators, the Biodiversity and Habitat scores
are calculated and scaled from 0 to 100. They indicate how effectively countries
protect their natural ecosystems. The scores are available for 2011 and 2022.
According to the original EPI methodology (Wolf et al., 2022), we calculated
the scores also for all remaining years in between (2012-2021) and used them
to recalculate the SPI scores.
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overlap with the carbon footprint indicator.

Upon data completion, all three variables (SPI, CO2, MF) are com-
bined to eventually produce the Just Transition Score for the nine-year
period from 2011 to 2019 (for which data for all three variables are
available). Additionally, as the last step prior to the calculation, CO2 and
MF indicators are capped (truncated) at the 99th percentiles (based on
their 2011-2019 values) to treat the skewness of the data and to reduce
the possible impact of outliers on the final results.

3.3. Methods

Similarly to existing metrics of environmental efficiency of wellbeing
(e.g., Hickel, 2020; Dietz et al., 2009; Knight and Rosa, 2011; Tamburino
and Bravo, 2024) and environmental intensity of wellbeing (Dietz et al.,
2012; Jorgenson, 2014; Jorgenson and Dietz, 2015; Irshad et al., 2021),
the JTS is also based on the ratio methodology. Definitionally, we focus
on the content of environmental damage in each unit of SPI, and
therefore we express the ratio as the environmental damage over SPI.
Countries with the highest content of environmental damage in one unit
of SPI have the least environmentally sustainable social progress, while
countries with the lowest content of environmental damage in one unit
of SPI have the most environmentally sustainable social progress.

The methodological choice in favor of the ratio approach is also
based on the positive correlations between social progress and carbon
footprint, as well as between social progress and material footprint.
Higher progress (considered “good”) is associated with higher envi-
ronmental damage (considered “bad”), and for this reason any additive
or multiplicative aggregations are not preferred (e.g., they would result
in a lower variability of the aggregated results). Despite this, such ap-
proaches to the aggregation of environmental sustainability and devel-
opment outcomes have also been recently applied, for example in the
creation of the Planetary pressures-adjusted Human Development Index
(UNDP, 2023).

The JTS is then calculated as the simple arithmetic average of two
sub-indices. The Carbon Just Transition Score (JTSco2) is the ratio of
carbon footprint per capita to SPI. Similarly, the second part is the
Material Just Transition Score (JTSyg), and it is the ratio of material
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Fig. 2. Geographical distribution of JTS performance in 2019.
Source: Authors.

Table 1
Top 10 and Bottom 10 performers in the JTS in 2019.

Top performers in 2019 Bottom performers in 2019

1 Portugal 84.43 152 Libya 43.28
2 Spain 83.52 153 Saudi Arabia 37.95
3 Costa Rica 83.46 154 Eritrea 34.24
4 Moldova 83.23 155 Somalia 34.2

5 Armenia 82.46 156 Guyana 33.29
6 Italy 82.17 157 Qatar 32.44
7 France 82.07 158 Kuwait 29.19
8 Sri Lanka 81.86 159 Central African Republic 27.89
9 Barbados 81.75 160 United Arab Emirates 26.76
10 Uruguay 81.46 161 Chad 24.33

Source: Authors.

footprint per capita to SPI. These two ratios are calculated and scaled to
0-100 scores as described below.

To prevent the results from being disproportionately influenced by
the variable with higher variation, each of the two ratios is adjusted
using a constant that equalizes the coefficient of variations of the de-
nominator and the numerator (Dietz et al., 2012; Jorgenson and Dietz,
2015; Marks et al., 2006). The general formulation (applied to each ratio
JTS)) is as follows:

X + const;

TS, =
IS SPI

Here, X; denotes the indicators being used in the numerator (per capita
carbon footprint or per capita material footprint), and const; denotes the
respective constant that equalizes the coefficient of variation of the in-
dicator X; and SPI. The const; is obtained as follows:

Ox, -
const — (1—”51’1) ~ py,
Ospl

In the above equation, ox, and yuy, are the standard deviation and the
mean of the indicator X; which is used in the ratio, and osp; and pigp; are

(65.8,70.5]
2019 ™ (57,65.8] [l (70.5,75.1]
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the standard deviation and mean of the SPI. Each ratio JTS; is then
inverted and scaled from 0 to 100 so that higher values of the scaled JTS;
represent better performance:

max(JTS;) — JTS;
max(JTS;) — min(JTS;)

JTS, =

To scale the JTS, to 0-100 scores, for the carbon footprint indicator,
the dystopian value (i.e., worst case scenario) max(JTS;) is set to the
highest value in the data, while the utopian value (i.e., best case sce-
nario) min(JTS;) is set to be equal to <. Similarly, for the material
footprint indicator, the dystopian value is equal to the maximum value
in the data, and the utopian value is equal to $5. Note that in both cases,
the dystopian values correspond to the 99th percentiles of the
2011-2019 raw data, as both carbon and material footprint variables
were capped (truncated) at these values to treat the indicators’ skewness
and to reduce the possible impact of outliers on the final results. As
previously stated, the overall JTS score is obtained as the arithmetic
average of both (scaled) JTS;:

JTS = (JTScop +JTSyr) / 2

The final JTS is available for 161 countries, and it covers the period
of 2011-2019. The JTS can be disaggregated into the Carbon Just
Transition Score, and Material Just Transition Score. It needs to be
emphasized that the JTS, as well as its sub-indices, are designed to
measure the relative sustainability of social progress. This is because the
performance of each country relates to the performance of other coun-
tries. This also means that even the best-performing countries in terms of
JTS can be strictly environmentally unsustainable, in the sense that they
have per capita material and carbon footprints above the per capita
planetary thresholds. This issue is examined more in the discussion
section.

The methodology of JTS underpins its interpretation, where a
country’s score represents its position (derived from the amount of
material and carbon footprint contained in each unit of SPI) vis a vis the
best- and worst-case scenarii (i.e., score of 0 and 100, as defined above),
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Table 2
Top 10 and Bottom 10 performers in scores and ranks changes over 2011-2019.
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Bottom 10 performers in A scores Bottom 10 performers in A ranks

Top 10 performers in A scores Top 10 performers in A ranks

Nicaragua 0.62 Egypt -21
Latvia 0.01 Lithuania —22
Maldives —0.44 Thailand -23
Hungary -0.91 Kazakhstan -23
Kazakhstan —1.32 Nicaragua —-25
Panama —1.98 Bahrain -28
Libya —3.06 Hungary -30
Ireland —-5.83 Panama -30
Bahrain —7.70 Ireland —63
Trinidad & Tobago -7.75 Trinidad & Tobago —-69

Equatorial Guinea 29.55 Uruguay 56
Somalia 25.29 Myanmar 51
Afghanistan 17.93 Jordan 35
Sierra Leone 16.99 Gambia 33
Myanmar 16.95 Gabon 31
Ethiopia 16.39 Switzerland 28
Angola 16.26 Sierra Leone 23
Chad 16.09 Dominican Republic 21
Luxembourg 15.88 Luxembourg 21
Oman 15.40 Ethiopia 20

Source: Authors. Note: Negative sign implies a decline in score or rank, positive sign implies an improvement in score or rank.

and its position relative to other countries. The ideal best-case scenario
represents a fictitious case where a country achieves the best possible
achievement in social progress while producing no environmental
impact, and vice versa for the worst case. However, countries achieve
different levels of performance across the JTS indicators, where a high
score entails that a country is achieving higher social progress while
producing lower carbon and material footprint, whereas a low score
means that a country is achieving relatively lower social progress with
higher carbon and material footprint. The same interpretation of scores
also holds for the two sub-indices, i.e. the Carbon JTS and Material JTS.

Furthermore, to check the sensitivity of our results, we have recal-
culated the JTS using various approaches in different phases of the
calculation procedure (Nardo et al., 2008)."" For example, we have first
aggregated the two environmental impact variables into a common
factor (while applying both arithmetic and geometric aggregations), and
only then created the ratio. We have also tested the geometric aggre-
gation in the final step of the calculation procedure. Additionally, we
have recalculated the JTS without using any caps on raw data. In all
instances, the results are very similar to the ones that are presented in
the paper, as evidenced by the rank correlation coefficients that were
close to 0.99 in all cases which indicates a reasonable robustness of our
results.

4. Results

The JTS was calculated for 161 countries. Due to data unavailability,
scores were not calculated for more than 30 countries, mostly small is-
land nations in the Pacific and the Caribbean. The largest countries
without the JTS are North Korea, South Sudan, and Cuba. Fig. 2 shows
the geographical distribution of the 2019 JTS scores. It is observed that
Latin American and European countries have the best JTS, meaning that
these countries achieve the highest relative sustainability of social
progress. The lowest scores, on the other hand, are mostly found in parts
of Sub-Saharan Africa, in the Middle East and North Africa (MENA)
region, and in Central Asia.

While countries with high JTS scores achieve relatively high social
progress with relatively lower environmental impacts, countries with
low JTS scores are either falling short on social progress (Somalia,
Yemen) or creating high environmental damage (Qatar, Kuwait). Some
other countries record relatively low JTS, despite being among the top-
ranked countries in terms of social progress. This is the case of countries
such as the United States, Canada, Australia or even Norway, whose low
JTS reflects carbon- and material-intensive behavior. On the other hand,
some other countries (particularly China) exhibit an even more unsus-
tainable combination of limited social progress and significant envi-
ronmental damage.

11 It needs to be noted in this context that the SPI itself was extensively tested
for sensitivity (besides other things) as part of the Index audit carried out by the
Joint Research Center of the European Commission (JRC, 2018).
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Table 1 shows the top 10 and bottom 10 performers in the 2019 JTS.
Among the top performers, six are in Europe (including Moldova and
Armenia), while the others are in Latin America (3) and Asia (1). On the
other hand, most countries from the bottom performers are from the
MENA region (5) and from Sub-Saharan Africa (4).

In comparison, in 2011, there were five countries from Latin America
in the top 10 and five were European. That said, most countries
improved their JTS over 2011-2019. Despite the general improvement,
countries’ performance in JTS over 2011-2019 varies vastly, ranging
from declines in scores (Trinidad & Tobago, Bahrain, Ireland or Libya),
stagnations (Hungary, Latvia, Nicaragua) to very substantial increases
for countries near the bottom of the 2011 global ranking (Equatorial
Guinea, Ethiopia or Oman). These score changes are reflected also in the
comparison of 2011-2019 performance based on rank changes. The
results range significantly, from dramatic drops (Trinidad & Tobago,
Ireland) to considerable positive increases (Uruguay, Myanmar or
Switzerland). All these changes are captured in Table 2.

Fig. 3 shows the performance of selected countries (i.e., G7 and
BRICS) in the JTS over 2011-2019, and several observations can be
made. First, it is clear that the European G7 countries (plus Japan)
outperform the United States and Canada, whose results are more
similar to those of Russia. On the other hand, Brazil’s JTS is relatively
similar to that of Japan, however stagnating since 2015. Second, China’s
JTS lags behind all G7 and BRICS countries significantly, slowly coming
back from a decline in 2012-2014. And third, the overall 2011-2019
trend for the G7 and the BRICS is positive, however, with fluctuations in
different sub-periods for different countries.'?

Countries’ improvements in JTS over time can be explained by in-
creases in social progress that are faster than the increases in the carbon
footprint and material footprint components'® (i.e., relative decoupling
of social progress from environmental impacts — a more common case),
and by decreases in the footprint components combined with improve-
ments in social progress (i.e., absolute decoupling — a less common case).
Fig. 4 depicts countries’ ability to decouple their social progress from
carbon and material footprints based on the magnitude and direction of
change in the key variables from 2011 to 2019.

It can be observed that some countries improved in social progress as
well as in carbon or material footprints (upper-left quadrant of both
panels). These developments can be therefore characterized as the

12 The evolution of scores could be also analyzed in terms of the three in-
dicators entering the calculation of the JTS. For example, the data show that 65
countries improved in all three indicators over 2011-2019 (i.e., they reduced
per capita CO2 and MF, and improved their SPI). Most of these countries belong
to the better tiers in terms of SPI performance (i.e., countries with higher SPI
scores). On the contrary, 41 countries increased both their per capita CO2 and
MF (none of them from the top SPI performance tier), while 67 countries were
able to reduce both CO2 and MF.

13 Carbon and material footprint components are calculated as raw values plus
the equalizing constant (used in the JTS ratio calculation), which entails that
higher values represent worse performance.
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absolute decoupling trajectory, also resulting in significant improve- trajectory, in which social progress improved at a higher rate than the
ments in the overall JTS performance. Many other countries were able to increase in carbon and material footprint components. The improve-
improve their JTS performance by following a relative decoupling ments in the JTS of these countries are, however, less substantial
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compared to the countries that followed the absolute
trajectory.

It is important to note that while absolute decoupling is the most
desirable outcome, it can be achieved in diverse ways, depending on
countries’ initial levels of wellbeing and environmental impacts.
Countries with significant social shortfalls often achieve absolute
decoupling since improvements in wellbeing are easier to attain (in the
early stages of development) even with lower carbon and material
footprints. Conversely, countries with initially very high carbon and
material footprints (e.g., Gulf States) can significantly reduce (at least
some of) their environmental impacts while continuing their natural
trajectory of wellbeing improvement. Absolute decoupling has therefore
a more significant effect on overall JTS performance when achieved by
countries that neither suffer from substantial social shortfalls nor incur
disproportionately high carbon or material footprints.

Apart from the individual countries’ performances, it is also worth
looking at the regional level. The regional scores are calculated as
population-weighted averages of countries that belong to a particular
region.'? Fig. 5 shows the aggregated scores over 2011-2019 for all
eight regions as well as the European Union (27). Based on purely
geographical classification, the best performing region over 2011-2019
is Latin America & Caribbean, followed by Europe. However, if the
European Union was treated as a distinct “region”, it would overtake
Latin America at the top position. North America, consisting only of two
countries (Canada, and USA), fares even worse than Central Asia &
Caucasus, on par with East Asia and Pacific in 2019. The worst per-
forming region is MENA, which was surpassed by Sub-Saharan Africa in
2018. Lastly, the JTS increased for all regions over 2011-2019, with
various fluctuations and setbacks across regions and over time. The most

decoupling

14 The regional distribution of countries is based on the World Bank’s classi-
fication (World Bank, 2023), with few adjustments (for example, Malta is not
classified as a MENA country, but rather as a European country).
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improved region is Sub-Saharan Africa, followed by South Asia. The
least improved region is North America.

Fig. 6 shows that there is a high correlation between the two JTS sub-
indices (r = 0.7652 for 2019 scores), with some outliers on both sides of
the 45-degree line. There also seems to be a pattern where countries
perform generally worse in the (relative) carbon sustainability than in
the (relative) material sustainability of social progress.'” It can also be
observed that countries of all income levels are scattered across the
chart, meaning that the income level is not a decisive factor for the
Carbon, Material, or overall JTS. Indeed, while there is a fair correlation
between the JTS metrics and the SPI scores, there is basically no cor-
relation with income.'®

Even more interestingly, the difference between Carbon and Material
JTS is higher among the worst performing countries (in terms of the
overall JTS) while the better performing countries are the ones with the
more similar scores in both sub-indices (the correlation between the
overall JTS and the absolute differences of the two sub-indices is
—0.4368, based on 2019 scores).!” This general pattern indicates that

15 Based on the JTS results for 2019, more than two thirds of all measured
countries (115) achieve better results in the Material JTS, while only 46 are
better in the Carbon JTS.

16 The SPI correlates with all three sustainability indicators reasonably: the
correlation coefficients are 0.5410 with Carbon JTS, 0.4847 with Material JTS,
and 0.5478 with the overall JTS. All of the correlation coefficients are signifi-
cant at the 1% level. This is logical since SPI is included in the calculation of the
JTS. In contrast, there are no relationships with income: the correlation co-
efficients are —0.0322 with Carbon JTS, —0.0188 with Material JTS, and
—0.0278 with the overall JTS. None of the correlation coefficients is significant
at the 10% significance level.

7 This finding would have been amplified even more if geometric average
was used to aggregate the Carbon and Material JTS into the final JTS. Unlike
arithmetic average, geometric average allows only for limited compensation
between weak and strong performances.



M. Htitich et al.

and S bility Indicators 23 (2024) 100440

Enviro

o 7
’
3 p
(75} s
= s
8
=
w
c
o
=
k7] Srazi
_:’ Cyprus
c <
_8 80 Paraguay  ginjang
© Lithuania NOM’M $
(& Irefand
+ Latvia /\ Venezu
srael
%
Estonia
Tuark
Luxm g Z.’
Australia , ' Korea, Republic of
Liberia
O Belgium
Lesothe China  Makistan ussia
Bhutan R Syria[¥ Uniled States AN
60 4 i Irag _
. " Ethiopia
Dijibouti ‘Eﬁkhsw; * 2 A
O Eswatini ” Haiti Madagascar —,
Iceland_|_ Papyaflew G O\
— + alpga ow Gl Angola™ Conge, Republic of
,M_auntznla Laos Malta
Guinea -
.
» Niger Burundi
’
ra
Sudan #
O “Congo, Democratic Republic of Oman Tri and Tob
Equatorial ulne?" Mongolia + rlmdar:_Pu obago
’ Alghanistan O
s, )
’ Yamen MBKWS
’
40 + i
’ 4 Singgpore Bahrain
’
’
L4
4
i Somalia
’ . Turk istan
P ’E Income group
K’L—rﬁ Eritrea Lga D Low
Lower middle
y 7
, Upper middle
# '
5 High
#
s
’
T T T
40 60 80

Fig. 6. — Carbon Just Transition Score vs. Material Just Transition Score (2019).
Source: Authors. Note: The 45-degree line shows the most balanced results in terms of relative material sustainability and relative carbon sustainability of so-

cial progress.

the highest JTS results require the ability of countries to perform simi-
larly well in both areas, and that the highest JTS cannot be achieved by
compensating a carbon-intensive performance with a less materially-
intensive one (and vice versa).

Fig. 7 further indicates how scattered countries are in terms of their
JTS performance in relation to GDP per capita. Countries with a similar
per capita GDP achieve vastly different JTS performances. The best JTS
performances are achieved by countries with a GDP per capita at
approximately $45,000 while the lowest JTS performances can be
observed along the full range of GDP per capita where both the poorest
and the richest countries fall. The main implication of such a pattern is
that the overall cross-sectional relationship between the relative sus-
tainability of social progress and income is not linear but features
threshold effects where the relationship changes from positive to
negative and where higher income is associated with lower JTS.

5. Discussion

The need for a more comprehensive and geographically
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Material Just Transition Score

representative approach to measuring countries’ performance in just
transition and sustainability of wellbeing has already been emphasized
in the literature (Escobar, 2011; Biggeri and Mauro, 2018). Using the SPI
as a measure of wellbeing, we incorporate 60 social and environmental
indicators, which cover twelve key areas of social progress across 169
countries over 2011-2019 into a measure of just transition, thus
addressing the gap in measurement.

Most importantly, by excluding economic indicators (and particu-
larly income) from the measurement, we address several issues related
to the environmental efficiency and sustainability of wellbeing assess-
ment. For example, as raised previously by Hickel (2020), including
income as a component of wellbeing makes it harder to identify the
prospects of countries’ environmental efficiency as it strengthens the
relationship between wellbeing and environmental impacts. Our
approach allows us to widen the scope of wellbeing indicators while
eliminating the income component, revealing more contrasts across
countries in environmental sustainability (even among those with
similar levels of income).

Furthermore, by employing both carbon and material footprint, we
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incorporate more aspects of global environmental damage into the
sustainability measurement. The underlying intuition is that some
countries might perform better in carbon footprint than in material
footprint (and vice versa), mainly due to their specific characteristics
such as the reliance on natural resources and the level of industrializa-
tion (Sahoo et al., 2021). This imbalance between the carbon and ma-
terial (relative) sustainability of wellbeing is well illustrated in our
results. We can observe that with higher levels of wellbeing, countries’
JTS performance is determined by their increased ability to limit both
carbon and material footprint.

Our results show that countries generally perform less well in the
Carbon JTS than in the Material JTS. This is also the case for many
extractive economies (e.g., many Gulf states, Russia; Hertwich, 2021),
which are able to maintain higher scores in Material JTS. On the other
hand, material-intensive trends of improving wellbeing can be observed
in extractive economies as well, such as in Australia and the UAE
(Schaffartzik and Pichler, 2017).

The JTS reveals that countries with the highest scores are not those
with the highest incomes, but those that achieve relatively high levels of
social progress while maintaining relatively low levels of global envi-
ronmental damage (e.g., Portugal, Spain, Italy, but also Armenia and
Moldova). Furthermore, these countries also exhibit the smallest dif-
ference between their Carbon and Material JTS, indicating a low risk of
compensation between the two efficiencies. This suggests that having
less environmentally intensive wellbeing requires a balanced perfor-
mance in terms of both carbon and material relative sustainability.

Indeed, as shown in the results, the relationship between the Carbon
and Material JTS is more scattered around the lower JTS scores and it
gets stronger as the scores increase. In this sense the JTS can also serve as
a metric of countries’ distance from the desirable scenario in which
countries achieve the highest levels of social progress and the lowest
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GOP per capita (PPP, 2017 constant international §)

levels of environmental damage both in terms of carbon and material
footprint.

It is also worth noting another consequence of using a social well-
being measure rather than income in the construction of the JTS mea-
sure: it shows that some countries labeled mostly as “middle income” (e.
g. Moldova, Armenia) are able to record adequate levels of key aspects of
social wellbeing with sustainable levels of per capita carbon (below 1.9
tCO2e; Chancel, 2022) and material footprint (below 7.2 tons; Hickel,
2020). The JTS performance of these countries adheres more to the
principles of strong sustainability (Neumayer, 2016). This is because they
achieve desirable levels of social progress while keeping environmental
impacts below critical thresholds.

In contrast, some other countries ranked among the best in JTS (such
as Portugal, Spain, France, and Italy) perform more according to the
standards of weak sustainability. While the environmental impacts of
these countries surpass the critical thresholds, the excess is still rela-
tively lower (compared to their peers) and is, at least to some extent,
offset by a noteworthy performance in social progress.

This is shown in Fig. 8 that plots countries’ SPI scores against their
carbon and material footprint. In line with the previously mentioned
findings on the association between social progress (and other wellbeing
measures) and environmental impacts, the nature of the relationships is
strongly positive, but curvilinear. In such a pattern, countries achieve
similar SPI scores at significantly different levels of carbon and material
footprint, which also implies similar JTS performances at significantly
different footprint levels. Countries with the highest JTS performance
either achieve relatively high SPI scores while remaining below/at the
footprint overshoot values (strong sustainability) or compensate for
their incremental overshoot with very good performances in SPI (weak
sustainability).

Fig. 8 further demonstrates that countries are able to achieve high
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JTS performance both below and above the overshoot thresholds.
However, for countries that are below (or close to) the thresholds, a
significantly lower social progress is needed to achieve high JTS. For
example, Salvador’s SPI is more than 25 points lower than that of
Denmark, which has a considerably higher carbon footprint. And yet
both countries have a comparable JTS performance (differing by only
1.5 points). It is also observed that no country achieves the top JTS tier
with disproportionately high footprint levels (regardless of how high
their SPI performance is).

To achieve the twin objective of maximizing wellbeing and mini-
mizing environmental impacts, countries with strong sustainability of
wellbeing will need to elevate their levels of social progress to match
those with weak sustainability. Conversely, countries with weak sus-
tainability of wellbeing must strive to decrease their environmental im-
pacts to align with the levels of nations with strong sustainability. This
mutual adjustment is essential for the best JTS performers to achieve a
balanced approach to sustainable wellbeing, where both social progress
and environmental sustainability are prioritized. Additionally, in
countries with unsustainable wellbeing, i.e. with low JTS scores, sig-
nificant improvements in social progress and/or radical reductions in
environmental impacts are required.

Our relative approach to sustainability of wellbeing therefore en-
ables the study of various pathways through which countries can ach-
ieve high JTS, rather than fixating on a single benchmark that all
countries must emulate. For instance, poorer nations, given their low
environmental impacts, can still achieve sustainable outcomes by
improving wellbeing at a rate that is higher than the increase in envi-
ronmental impacts. For richer nations, achieving sustainable outcomes
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requires a strict reduction in their environmental impacts while at the
same time maintaining the current levels of social progress.

The above-discussed findings are of great importance, as they high-
light the significant potential of some countries to achieve just transition
once we depart from the income lens of measuring wellbeing. That is not
to say that income is not a key factor in human development (Pritchett,
2022). Instead, it shows that to balance high social wellbeing with low
environmental impacts, there is an utmost need to maximize the effects
of income growth on social wellbeing, and not the income growth per se.

The sustainability prospects of some less developed countries are
emphasized and taken as a benchmark when studying just transition
trajectories globally. In this context, the frequently tested hypothesis is
whether countries can decouple their environmental impacts from their
economic development. While no substantial evidence has been found
for an absolute decoupling, there is some evidence of a relative decou-
pling on a global level (Dittrich et al., 2012; Schandl et al., 2016; UNEP,
2017). However, our results suggest that from a social wellbeing
perspective (disregarding income), absolute decoupling could be
possible with policies that consider prioritizing other dimensions of
wellbeing than income. This shift in policymaking is necessary for pro-
moting environmental sustainability of social progress. While there is a
strong relationship between income and environmental impacts, other
dimensions of social wellbeing can be improved in a more carbon- and
material-efficient way. The JTS serves precisely the purpose of
measuring this efficiency and providing valuable insights for policy-
makers on both the global and country level.



M. Htitich et al.
6. Conclusion

Social progress entails varying levels of environmental impacts. The
aim of the newly created Just Transition Score is to assess countries’
ability to achieve adequate levels of key aspects of societal wellbeing
(including biodiversity protection), as measured by the SPI, while
reducing their global environmental impacts, as measured by the per
capita carbon and material footprint. The results reveal significant
contrasts between countries in terms of their relative sustainability of
wellbeing, and allow us to distinguish relatively less sustainable social
progress trajectories from the relatively more sustainable ones. Overall,
a sustainable social progress performance requires a departure from
carbon and material-intensive consumption and production patterns,
while maintaining an increasing performance in social progress.

Countries’ ability to balance these often-contradicting requirements
depends on many factors that cannot be directly identified based on the
JTS itself. However, the JTS can be used to measure countries’ relative
sustainability of wellbeing. It is observed that many less developed
countries fall short in key areas of social progress, and their low global
environmental damage (as reflected by their carbon and material foot-
print levels) is not sufficient to qualify them as having sustainable social
progress. Similarly, many countries achieving very high levels of social
progress at the cost of significant environmental damage are not
considered as sustainable either. Societies with relative sustainable
wellbeing are those that are neither falling short in social progress nor
excessively damaging the global environment. There is significant po-
tential for carbon and material efficient social progress in countries such
as Costa Rica, Spain, or Armenia. In contrast, much more effort is
required in countries where consumption and production patterns are
carbon- and material-intensive (e.g., Qatar, UAE), and where the pros-
pect of higher social progress is stunted (e.g., Yemen, Somalia).

While we stress the importance of other dimensions of wellbeing
than income (proxied by GDP per capita) in the relative measurement of
social progress sustainability, we do not overlook the role of income in
driving wellbeing. Considering the nonlinear relationship between the
JTS and income, the sustainability of progress of poorer countries can
still be improved by income growth that would lead to better social
wellbeing, but the increases in environmental impacts must be limited.
In contrast, in wealthy countries, improving sustainability of social
progress would require more aggressive measures aimed at reducing the
extent of environmental damage while keeping (at least) the same level
of income, and maximizing its effects on societal wellbeing.

However, the major implication of departing from income in the JTS
measurement is that countries which have, according to the JTS results,
relatively the most sustainable social progress, may not represent the
most attractive examples for others to follow. It is because countries
with the best JTS have in most cases reasonably high - but certainly not
the highest - income, and maximizing income is still perceived as one of
the dominant development goals. Countries with the highest JTS are
able to efficiently turn their adequate levels of income into reasonably
high levels of social progress with low global environmental impacts.
The exact mechanisms of these links must be further studied. However,
the current findings illustrate two things: first, high JTS is hardly ach-
ieved by income maximization only, and second, that there may be
significant prospects for sustainable social progress in countries with
lower income levels.
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Abstract

Improvements in societal well-being are associated with varying levels of
environmental impacts across countries. To achieve just transition, understood
as the shift towards low-carbon societies in which no one is left behind, countries
should converge in their ability to maximize well-being while minimizing
environmental impacts. This study investigates countries’ convergence in the
Carbon Efficiency of Social Progress (CESP) and its implications for achieving
just transition globally. Using a panel dataset with 160 countries over 1990-2020,
we introduce and construct the CESP as a ratio of the per capita carbon footprint
and the Social Progress Index (SPI) to reflect countries’ capacities to balance
social progress with minimal environmental impact. Using the time-varying factor
models, we then analyze convergence in the CESP of countries globally, as well
as within groups of countries defined according to their per capita carbon
emissions. Our results reveal different convergence rates between low- and high-
emitting countries, but divergence among middle-emitting countries, indicating
varied capacities to achieve just transition across these country groups. While
low-emitting countries show promising pathways, middle- and high-emitting
nations face critical obstacles that may impede their progress towards just
transition. Overall, this study enhances our understanding of convergence in
sustainability metrics and provides insights into how countries progress toward

just transition.
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1 Introduction

Achieving just transition requires that no one is left behind (“just”) in the shift (“transition”)
towards low-carbon societies (Heffron, 2021). This means that countries should aim at the
provision of adequate levels of well-being for their populations while reducing their
environmental footprint. As shown already, improvements in societal well-being are
associated with substantially different levels of environmental overshoot across countries
(Abdallah et al., 2009; Fanning et al., 2022; Martinez and Ebenhack, 2008). This trade-off
highlights the importance of achieving prosperity that is environmentally efficient i.e.,
maximizes well-being while minimizing associated environmental pressures (Dietz et al.,
2009; Knight and Rosa, 2011). The Carbon Efficiency of Social Progress (CESP) embodies
this perspective aiming to comprehensively measure the objective and subjective areas of
well-being using the Social Progress Index (SPI), while accounting for countries’ global
environmental pressure as measured by their per capita carbon footprint. This approach
quantifies the degree to which a society achieves environmental efficiency in attaining
desirable levels of social progress (Millward-Hopkins et al., 2020), thereby ensuring that the
transition to a sustainable society is both equitable and inclusive, i.e., just.

Approaching just transition from an environmental efficiency perspective has often consisted
in relating objective or subjective measures of the quality of life to different metrics of
anthropogenic environmental impact (Prescott-Allen, 2001; Samuel-Johnson and Esty,
2001). The main motivation is that the nexus of sustainable development’s environmental
and social pillars is essential as it focuses on the interaction between social conditions and
environmental integrity (Sing and Ali, 2018). In this regard, the notion of “environmental
efficiency of well-being” (Dietz et al., 2009; Knight and Rosa, 2011) postulates that
improving quality of life should not lead to needless environmental destruction but should
instead maximize well-being within the planetary boundaries. (Kumar et al., 2014; Scopelliti
et al., 2018).

Attaining a just transition in this context relies on the dynamic interplay between the
utilization of biophysical resources and the realization of social outcomes (O’Neill et al.,
2018). Social outcomes are inherently dependent on the planet's ecosystems and the
resources they supply (Daly, 1973). This dependence is facilitated through intricate
provisioning systems, defined as networks of elements working together to transform
resources to meet a range of human needs (Fanning et al., 2020). Therefore, a country’s
ability to achieve a just transition depends on the extent to which its provisioning systems
become more efficient and use resources sustainably, while guaranteeing that the needs of
all citizens are met without leaving anyone behind.

Nations, however, confront contrasting levels of social shortfalls and environmental

overshoot (Fanning et al., 2022). For this reason, achieving a just transition calls for varying
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degrees of progress in ensuring that well-being is achieved with greater environmental
efficiency. (O’Neill et al., 2018). In practice, this entails that nations, irrespective of their
level of development and the extent of their pressures on the earth’s ecosystems, must strive
to maximize well-being while reducing the environmental impact to the sustainable levels
(Chancel, 2022; Hickel, 2020).

Furthermore, empirical evidence has long established that the relationship between various
social and environmental indicators is curvilinear (Fanning et al., 2022; Knight and Rosa,
2011), indicating that countries can achieve optimal performances in various social aspects
(e.g., life expectancy, education, etc.) at substantially different levels of environmental
pressure. This pattern demonstrates that while certain nations achieve desirable levels of
societal well-being with relatively minimal environmental pressure, others exert significant
environmental pressure to achieve similar social outcomes. Such a pattern raises two main
questions:

1. To what extent are countries able to improve their Carbon Efficiency of Social
Progress—that is, how are they enhancing well-being while keeping environmental
impacts as low as possible?

2. Is there a catching-up process (i.e., convergence) among countries over time in their

Carbon Efficiency of Social Progress, and how fast is this process?

While the former allows us to assess how countries fare in terms of their just transition, the
latter enables us to determine whether, and how rapidly countries have been converging
towards it. To address these two research questions, we analyze a global dataset covering
160 countries, utilizing the Social Progress Index (SPI) Time Series (Harmacek and Krylova,
2023) and per capita carbon footprint (Friedlingstein et al., 2022), both spanning from 1990
to 2020. By integrating these two metrics, we construct the CESP, serving as an indicator
of countries’ capacity to advance social progress while minimizing per capita carbon
footprint. We then use the CESP to investigate countries’ convergence to just transition
throughout this entire period. More specifically, we aim to conduct an in-depth examination
of the relationship between social progress (SPI) and the per capita carbon footprint. Our
goal is to identify the “breakpoint” levels of per capita carbon footprint, which will facilitate
the convergence analysis both across the global panel of countries and within specific ranges
of carbon footprint. This is crucial as it enables us to determine whether converge occurs in
the same way within different country groups, and to explore whether countries converge at

a faster (or slower) rate with higher levels of per capita carbon footprint.

Understanding the intersection of social progress and just transition is essential, as these
concepts, despite being deeply interlinked, have often been treated as separate in the
literature (Neumayer, 2016). However, at its core, social progress represents the very essence
of what just transition advocates aim to preserve for future generations across all societies.

Without just transition, genuine social progress cannot be achieved. To effectively tackle
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this issue, we must address not only the crucial question of Aow to achieve just transition
but also what aspects of human wellbeing just transition aims to preserve.

The question of which aspect of human well-being should be sustained was approached in
different ways. Amid increasing focus on human development and the acknowledgment of
the shortcomings of relying exclusively on income-based metrics for sustainability
assessments (Alkire and Foster, 2011), some scholars have shifted to using the Human
Development Index (HDI) to integrate a broader range of indicators reflecting social
performance. (Hickel, 2020; Salman et al., 2022). However, the HDI alone may not
adequately capture the complex and multifaceted nature of social aspects (Benaim et al.,
2008; Biggeri and Mauro, 2018; Saner et al., 2020).

Recent efforts to broaden the scope of social indicators have adopted the human needs
theory, Which proposes a limited set of fundamental needs that are universally applicable
to all humans (Gough, 2015; O’Neill et al., 2018). Drawing on this theory and on the
framework proposed by Raworth (2017), eleven social indicators are proposed to define a
“safe and just space”. However, even here, one would still argue that the majority of these
indicators primarily measure human well-being from a material perspective (e.g., nutrition,
sanitation, and income), thereby overlooking the more qualitative and crucial areas of
quality of life such as safety and personal freedoms.

Overall, a Just Transition is assessed by a country's capacity to ensure societal well-being
for its population (the 'just' component) while concurrently minimizing its impact on the
environment (the 'transition' component). The literature can be broadly categorized into
two camps as for how to achieve just transition: those who align more closely with weak
sustainability principles, and those who lean towards a strong sustainability paradigm (Ekins
et al., 2003; Neumayer, 2016, 2003). Weak sustainability is based on the assumption that
natural capital and other forms of capital are largely interchangeable, with a primary focus
on maintaining or ideally increasing the overall value of the capital stock for the benefit of
future generations. Conversely, strong sustainability rejects the notion of substitutability or
compensation, particularly regarding natural capital, emphasizing that certain forms of
natural capital are essential, and their depletion cannot be compensated for by investments
in other types of capital, such as manufactured or human capital (Hickel, 2020).

Advocates of weak sustainability (at least from an empirical standpoint) have proposed the
environmental efficiency of well-being as an approach to measure countries’ sustainability
performance (Dietz et al., 2009; Knight and Rosa, 2011). The central concept of this
approach is to quantify the environmental damage inherent in each unit of several human
well-being indicators. The approach resembles an optimization problem, where indicators of
environmental impact or resource use are treated as undesirable inputs or costs, and social
achievements are considered desirable outputs (Corsatea and Giaccaria, 2018; Reinhard et
al., 2000). The resulting scores are used to rank and identify countries achieving optimal or
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highly efficient performance at different levels of input utilization (environmental impact)
(Corsatea and Giaccaria, 2018; Reinhard et al., 2000; Sun et al., 2019).

Conversely, advocates of strong sustainability focus on assessing countries' sustainability
performance against strict thresholds for addressing social deficiencies and avoiding
environmental overshoot (Gough, 2020; Raworth, 2017). Recent advancements in this field
outline a "safe and just space" framework applicable to all nations (Fanning et al., 2022,
2020; O’Neill et al., 2018). This approach integrates planetary boundaries, which define the
environmental limits within which humanity can safely operate, with social boundaries
aligned with the Sustainable Development Goals (SDGs) to identify a zone where human
needs are met without undermining Earth's systems. As a result, trade-offs or substitutions
between environmental and social performances are deemed unacceptable.

However, these efforts encounter significant limitations, primarily in three aspects. Firstly,
there’s a lack of attention given to the temporal dynamics of countries’ sustainability
performance, particularly in assessing how nations with initial disparities in achieving higher
levels of well-being and reducing environmental impacts catch up with each other over time.
Secondly, there’s a deficiency in terms of a more comprehensive coverage of social indicators
in measuring countries’ development performance. Lastly, the relationship between
environmental and social indicators, as explored in previous studies, warrants further
examination. For example, while Fanning et al. (2022) observed a close association between
social indicators and carbon emissions, the implications of the “curvilinear” nature of this
relationship in terms of strong versus weak sustainability performance are still not
adequately understood.

In addition to measuring countries’ sustainability performance, examining the convergence
of their carbon efficiency of social progress is key to assessing their ability to achieve just
transition. Convergence implies both transitioning towards more carbon efficient social
progress (known as pB-convergence (Baumol, 2003)) and reducing cross-country disparities in
environmental impact and social achievements (referred to as o-convergence (Barro and
Sala-i-Martin, 1992)). Traditionally, the concept of convergence has been studied primarily
in relation to income levels (Baumol, 2003; Myrdal and Sitohang, 1957; Solow, 1956), but it
has rarely been explored concerning countries’ environmental efficiency of human well-being
(Salman et al., 2022). Understanding these dynamics is crucial for achieving a just transition,
as it allows us to move beyond static assessments of performance to discern sustainability
degrees over time. By analyzing how countries converge in their sustainability performance,
we can determine whether they are collectively moving towards a future where social
progress is achieved without compromising environmental integrity, ensuring that no nation

is left behind in the global shift towards sustainability.

So far, the hypothesis of countries’ environmental convergence has primarily been examined
in terms of carbon dioxide emissions per capita (Berk et al., 2022; Nguyen Van, 2005;
Strazicich and List, 2003). The objective has been to determine whether poorer countries,
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initially with lower levels of per capita emissions, tend to increase their emissions more
rapidly, leading to  convergence of the least polluting countries with the most polluting
ones. However, f§ convergence, while necessary, is considered insufficient for o convergence,
which is viewed as a more rigorous approach to analyze the temporal dynamics of countries’
sustainability performance (Pettersson et al., 2013). This approach facilitates a deeper
investigation into the evolution of countries’ cross-sectional distribution and enables tracing
the transition trajectories of individual countries over time (Phillips and Sul, 2007; Tomal,
2023). It also allows for comparing the transition behavior of countries towards a common
sustainability performance trajectory, potentially distinguishing between converging and

diverging countries’ behavior.

The structure of this paper is as follows: Section 2 details the data sources and explains the
empirical strategy, with each distinct method presented in a dedicated subsection. Section
3 examines the global distribution of CESP scores, explores the connection between carbon
footprint and the SPI, and investigates the convergence and relative transition paths of
countries concerning the CESP. Section 4 discusses the findings, and Section 6 highlights
the groundbreaking insights while addressing potential limitations.

2 Methods

Our empirical strategy can be outlined in three main steps. The first step consists in constructing the
CESP scores. The second step consists in conducting a segmented regression analysis of the
relationship between the SPI and per capita carbon footprint, based on which we divide countries into
different segments. This allows us, in the third step, to carry out the convergence analysis separately
within these segments of countries.

2.1.Data sources and treatment

To measure social progress, we use the recently created Social Progress Index Time Series,
covering the period from 1990 to 2020. Data of the index, which combines 52 indicators in
its composition, were provided by the Social Progress Imperative (Harmacek and Krylova,
2023). The index framework is structured around three core dimensions of social progress:
Basic Human Needs, Foundations of Wellbeing, and Opportunity (see Figure 1). Each
dimension comprises four components, which are anchored in specific conceptual questions.
These components are further detailed through a set of outcome indicators designed to
address the corresponding questions (see Figure la and Figure S.3.1 in Supplementary
material). Collectively, these interconnected elements provide a comprehensive measure of
countries' social progress, represented on a 0-100 scale.

The inclusion of the SPI in constructing the CESP directly addresses a key question posed
by Neumayer (2016): "What should be sustained?". It represents an unprecedented effort to
comprehensively assess countries’ societal performance across various dimensions of social
progress over more than three decades. Unlike conventional metrics such as income (e.g.,
Gross Domestic Product), the SPI aims to capture the multifaceted aspects of the quality
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of life across countries. Importantly, it goes beyond the limits of the human needs theory
(Max-Neef, 1991), which forms the basis of the “safe and just space” framework, by
expanding the range of social indicators typically examined in the literature (Gough, 2015;
O’Neill et al., 2018).
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Figure 1: Social Progress Index framework .

Per capita carbon footprint (i.e., emissions from the consumption perspective) is used to
measure environmental impacts, to account for both territorial and trade induced emissions.
In this context it needs to be stressed that the relationship between SPI and carbon emissions
may be dependent on the way carbon emissions are measured (Davis and Caldeira, 2010).
For instance, the relationship is weaker using production-based carbon emissions since a
significant portion of the most developed countries’ emissions originates in other less
developed countries due to international trade (Steinberger et al., 2012). Therefore, we use
in our analysis consumption-based per capita carbon emissions (footprint) data provided by
the Global carbon Project (Friedlingstein et al., 2022). The time-series for carbon footprint
data was shifted forward by one year to match the SPI year alignment. Missing values were
imputed using regression analyses techniques with modeled carbon footprint data from the
Eora Global Supply Chain Database serving as the predictor (Lenzen et al., 2013).

2.2. The CESP specification and calibration

Adopting the Environmental Efficiency of Well-being approach from an intensity
perspective, we define the CESP as the carbon footprint per unit of SPI (Dietz et al., 2012;
Jorgenson, 2014; Jorgenson and Dietz, 2015; Irshad et al., 2021). This is calculated as the
ratio of carbon footprint to SPI. To ensure that the ratio is not disproportionately influenced
by the variable with greater dispersion (per capita carbon footprint in the numerator or SPI
score in the denominator), the coefficients of variation are equalized. This adjustment

164



involves introducing a constant that facilitates a linear transformation, altering the mean
while preserving the variance (Dietz et al., 2012; Jorgenson et al., 2014; Marks, 2006).

The ratio takes the following form:

o COzit"' Cc
o = S 1)

Where 4;; denotes the amount of carbon contained in each unit of SPI. CO,; and SPI;
represent, respectively, the per capita carbon footprint and SPI scores for country i at year
t. The equalizing constant c is obtained as follows.

c= Tcoy Hspr (2)

u
co
9 spr 2

Where o¢p, and uC0, represent the standard deviation and the mean of carbon footprint
per capita, respectively, and gSPI and ugsp; denote the standard deviation and mean of the
SPI score across all i and over all t. The resulting values of the ratio are then inversely
normalized from 0 to 100, where higher scores indicate lower SPI carbon content, thus
reflecting higher carbon efficiency. This normalization is done using the min-max method as
follows:

max(Aie)—Aie

CESPit =

max(Ajr)—-min(Ait) x 100 (3)
The CESP;; represents inversely normalized values of the A;; for country i at period t. Here,
max(1;) and min(4;;) denote the maximum and minimum values of the 1;; values across all
countries and all years, enabling both cross-sectional and temporal comparability. A CESP
score of 100 signifies the hypothetical scenario where a country i achieves the highest
possible SPI score max(SPI) = (100) while maintaining carbon neutrality, i.e., min(1;) =
c¢/max(SPI). Conversely, a CESP score of 0 reflects a scenario where 1;; equals 1.5. This
threshold approximately equal to the highest value of the ratio (which was 1.37 for Qatar
in 1997).

In absolute terms (without the equalizing constant), the CESP score is approximately equal

€Oy,
to (1 — i
sP

). This formulation quantifies countries’ carbon efficiency by measuring the
it
distance from the worst case of maximum carbon intensity where one unit of social progress

necessitates one ton of per capita carbon footprint.

The inclusion of the constant makes the assessment of countries’ environmental efficiency of
well-being rather relative. This means that the CESP measures countries’ relative
performance in just transition by assessing how carbon-efficient countries’ social progress is
vis-a-vis other countries.
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2.3.Breakpoints identification in the relationship between SPI and per capita
carbon footprint

The curvilinear relationship between SPI and carbon footprint suggests however that the
best CESP performance might be observed at significantly different levels of per capita
carbon footprint. We therefore further study this relationship, by employing segmented
regression models that enable the identification of breakpoint levels of per capita carbon
footprint where significant changes in the slope of the linear fit occur. These slopes provide
insights into the general cross-sectional trends of the CESP within each subset of countries
across different carbon footprint ranges. Utilizing these breakpoints, we categorize the full
panel of countries into three groups, namely low-, middle-, and high-emitting countries.

The segmented regression method is performed using the R package “segmented” (version
1.6-3) (Muggeo and Muggeo, 2017), consisting of an iterative fitting algorithm to detect
significant changes in the slope and, consequently, the existence of breakpoints in the
relationship (Muggeo, 2020, 2003). These breakpoints are identified a priori based on an
optimalization of the Bayesian Information Criterion (BIC) (Schwarz, 1978) and the Akaike
Information Criterion (AIC) (Akaike, 1974). The detailed procedure of the segmentation is
outlined in Supplementary material S.1.

2.4. Just transition relative paths derivation and convergence modeling

The convergence model relies on a time-varying factor setting (Phillips and Sul, 2007), which
is executed through the utilization of the R package “ConvergenceClubs” (version 2.2.4)
(Sichera et al., 2019). This methodology enables us to model the individual and temporal
heterogeneity of transition. It has been applied in examining convergence in environmental
performance (Bhattacharya et al., 2020; Panopoulou and Pantelidis, 2009) and human
development (Salman et al., 2022). The process involves breaking down the CESP into two

time-varying components:
CESPy = vy 0, (4)

Here, the CESP;; is the carbon efficiency of social progress for country i during period t, 6;
represents its shared performance component, and v;; denotes its idiosyncratic component.
While 8; can be understood as being dependent on the common social and economic
characteristics, the idiosyncratic component v;; measures the extent to which country i
deviates from the common performance (Phillips and Sul, 2009). The parameter v;; reflects
the transition of country i’s CESP towards the common performance. Subsequently, a
relative transition coefficient is constructed as follows:

CESPit — Vit (5)
N-1YN cEspy  NTIZN vy

hiy =

This formulation removes the common trend parameter through scaling and measures the
transition of country iii relative to the cross-sectional average at each time ¢ We denote h;;
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as the “just transition relative path” as it traces each country’s CESP evolution trajectory
relative to the average of all countries. Consequently, h;; also reveals countries’ relative
deviation from the common performance path. Thus, any apparent divergent behavior is
captured by h;;. If countries exhibit uniform just transition behavior, then h;; = h; which
ultimately means that the CESP convergence entails h;; - 1 for all i as t > 00. The
quadratic distance from the common panel limit is then expressed as the square mean of the
differential of h;;.

He=N713L, (hy —1)? (6)

When there is no convergence, the distance remains positive as t - . However, there are
several possibilities for the case of non-convergence: H; can converge to a non-zero constant,
it can remain bounded above zero but not converge, or it can diverge. The convergence
hypothesis is then tested using a log-¢ test on a semi parametric model of the parameters v;;
and H; (see Supplementary material S.2).

3 Results

The results section offers a comprehensive analysis of the Carbon Efficiency of Social
Progress (CESP) across 160 countries over the 30-year period from 1990 to 2020. The
analysis begins with an exploration of the global distribution of CESP scores, followed by a
detailed investigation of the segmented relationship between social progress (measured by
the Social Progress Index) and per capita carbon footprint, identifying key breakpoint levels
where shifts in efficiency trends are observed. Subsequently, the convergence analysis is
presented, with the results segmented by emission levels, showing diverse convergence speeds
and trajectories.

3.1.The Carbon Efficiency of Social Progress

Throughout the period from 1990 to 2020, countries with the highest average Carbon
Efficiency of Social Progress (CESP) scores—such as Costa Rica, Uruguay, and Armenia—
exhibited low per capita carbon footprint relative to their levels of social progress. Similarly,
countries like Portugal, Sweden, and Spain, which achieved high SPI scores relative to their
carbon footprint levels, also demonstrated high average CESP scores. On the contrary,
countries with the lowest CESP scores either have disproportionately high carbon footprint
relative to their SPI (e.g., Qatar, Luxembourg, Singapore, and Saudi Arabia) or have
significant shortfalls in social progress and thus cannot achieve high CESP scores despite
their low carbon footprint, as seen in Afghanistan, Yemen, and many countries of Sub-
Saharan Africa. Among the G7 nations, France ranks the highest (22nd), followed by Italy
(43rd), the UK (58th), Japan (62nd), and Germany (68th), while Canada (102nd) and the
US (126th) rank the lowest. Notably, Switzerland, despite being the best-performing country
on the SPI in 2020, ranks 83rd on the CESP average score, placing it behind less developed
countries such as the Philippines (26th) and Tunisia (29th) (see Fligure 2a).
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Figure 2b shows countries’ average GDP per capita from 1990 to 2020. It further illustrates
that countries with high CESP scores are not the wealthiest but those that are better at
turning their income into social progress. For instance, Costa Rica and Armenia are upper-
middle-income countries, yet they outperform all high-income countries in terms of the
CESP score. In contrast, the weakest CESP performance is simultaneously observed in the
poorest and wealthiest countries. For the former, income levels do not allow for adequate
social progress levels to be considered sustainable; for the latter, very high-income levels are
associated with significant environmental impacts and thus carbon-intensive social progress.
This further shows that balancing sustainable development’s social, economic and
environmental pillars cannot be achieved by solely pursuing greater income levels but rather
by the extent to which income levels drive social progress.
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Figure 2: Geographical pattern of the CESP score (a) and GDP per capita (b) . The figure shows averages
over the period 1990-2020. The points size in (b) is based on the square root rescaled values of the GDP per
capita to improve the visibility. World map plotted using Mollweide projection.

Our results thus support the findings of previous studies regarding countries’ ability to
balance both social and environmental performances. For instance, despite the use of
different social and environmental indicators, Hickel (2020) and Fanning et al. (2022) found
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countries such as Costa Rica and Albania to be consistently more efficient in transforming
resource use into social achievement’s compared to wealthier countries such as the USA,
Canada or Australia. These contrasts in the CESP score over the last three decades call for

a more in-depth study of the relationship between social progress and per capita carbon
footprint.

3.2.Carbon Efficiency Patterns Across Emission Levels

As shown above, the highest CESP scores can be achieved at different carbon footprint
levels, indicating one or more threshold effects in the relationship between per capita carbon
footprint and social progress performance. This stylized pattern is illustrated in Figure 3b,
where the segmented relationship unveils the different fitted curves specific to different
ranges of carbon footprint. The fitted curves change significantly in terms of the slope across
the different ranges of carbon emission. The breakpoints where these changes occur are

detected at 1.9 metric tons (SE = 0.06) and 10 metric tons (SE = 0.21) (see Supplementary
material S.1.2).
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. The

breakpoints and slopes are estimated using segmented regression based on the data of the entire period for
both SPI score and per capita carbon footprint. Square root transformation was performed on the x axis
scale to improve visibility of countries position in the plot. World map plotted using Mollweide projection.
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It is, therefore, possible to distinguish three groups of countries based on the average per
capita carbon footprint over 1990-2020: the low-emitting countries (n = 67) with an average
below 1.9 metric tons, the middle-emitting countries (n = 63) with an average between 1.9
and 10 metric tons, and the high-emitting countries (n = 30) with an average exceeding 10
metric tons.

The first breakpoint is likely to indicate a difference in consumption levels given that the
low-emitting countries are mostly low-income. Even more strikingly, these countries account
for nearly half the world’s population. Their average per capita carbon footprint over the
last three decades is below the threshold of 1.9 metric tons, which is the average level needed
to keep global temperature increase below 1.5 °C (Chancel, 2022). The second breakpoint
represents the average carbon footprint level around which the highest social progress scores
are achieved, and beyond which countries can no longer increase social progress with
additional carbon footprint.

Below the threshold of 1.9 metric tons, countries achieve the most significant increases in
social progress (measured in SPI units) per additional unit of carbon footprint (bysqi9 =
13.57; SE = 0.46), indicating highly carbon-efficient growth of social progress. Notably, many
low-emitting countries attained SPI scores above 60 in 2020, indicating substantial
improvements in their social progress relative to their average carbon footprint. The best
performing countries within this group demonstrate a better ability to balance between the
environmental and social pillars of sustainable development (also known as the Goldemberg’s
Corner; Steinberger and Roberts, 2010).

In contrast, middle-emitting countries are more geographically dispersed and encompass
both middle- and high-income nations. Within the range of per capita carbon footprint
(between 1.9 and 10 metric tons), the increase in carbon footprint primarily stems from
higher income levels, and consequently, higher consumption levels. As a result, SPI scores
within this range continue to rise, but in a less carbon-efficient manner, meaning that
countries generate significantly less social progress per additional unit of carbon footprint
(b19<x<10 = 2.63; SE = 0.09). These countries span across regions such as Latin America,
FEurope, and Central-South Asia, covering a diverse array of nations ranging from Sweden
(with the highest SPI score in the group) to Egypt (with the lowest SPI score in the group).

In the case of high-emitting countries (above 10 metric tons), additional carbon footprint
does not result in any additional gains in social progress. This indicates carbon-intensive
development pathways and poses a significant constraint for achieving just transition.
Within this range of carbon footprint, countries like Norway, Switzerland, and Germany
exhibit both the highest social progress performance and the lowest carbon footprint
compared to other countries in this range. Conversely, countries with the highest carbon
footprint and relatively low social progress are primarily located in the Gulf States. This
pattern yields a strictly negative relationship (bys; = —0.5;SE = 0.04) across the 30 high-
emitting countries.
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3.3.The Just Transition Relative Paths

Countries experience varying rates of improvement in the Carbon Efficiency of Social
Progress (CESP) over time, influenced by their initial levels of social progress and carbon
footprint. Convergence should be perceived as a means to diminish disparities between
countries in terms of the CESP, ultimately resulting in a general movement towards
countries’ just transition. We measure this movement using the relative path of just
transition, which traces each country's CESP trajectory relative to the average CESP at
each point in time. A general increase in CESP and a decrease in cross-country differences
result in convergence and signify progress towards a global just transition.

Based on this, we test the convergence hypothesis at the full panel (global) level and
separately for the low-, middle-, and high-emitting countries. The results support the
convergence hypothesis for the full panel of countries. This suggests that countries are
moving towards just transition on the global level due to the diminishing disparities in the
catching up of the low performing countries with the better performing ones in terms of the
CESP. However, this convergence does not unfold uniformly across all levels of carbon per
capita emission. As our subsequent analysis further reveals, only low- and high-emitting
countries are experiencing convergence, while a significant number of countries (the middle-
emitting ones) are in a state of divergence. This situation presents significant obstacles in

achieving just transition globally.

Figure 4 depicts countries’ just transition relative path, for low-, middle-, and high-emitting
countries. Specifically, Figure 4a illustrates that low-emitting countries are undergoing rapid
convergence, as evidenced by their transition towards unity, where there is no cross-sectional
heterogeneity in the CESP performance. The convergence speed parameter for the low-
emitting countries, estimated at § = 0.5 (SE = 0.047), is significantly positive, providing
strong evidence in support of the convergence hypothesis.

However, middle-emitting countries exhibit no signs of convergence; instead, they
demonstrate a divergence in the CESP trends (see Figure 4b). Indeed, the convergence
hypothesis could not be verified for middle-emitting countries, as the convergence speed
parameter is significantly negative (ﬁ = —0.58; SE = 0.1). Interestingly, convergence appears
to reemerge among high-emitting countries (,é = 0.12; SE = 0.17). However, this can be
described as an early-stage convergence, driven by the rapid catching up of a few countries
within this group with others (see Figure 4c). Consequently, the convergence speed is

therefore much slower compared to that of the low-emitting countries.
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Figure 4: Just transition relative paths over 1990-2020 . Countries are grouped according to the predefined
per capita carbon footprint ranges i.e., low—emitting, middle—emitting and high—emitting countries, emitting
respectively less than 1.9, between 1.9 and 10, and more than 10 metric tons on average over the 1990-2020
period. Convergence log-t test statistic is greater than the critical threshold of —1.65 for the low—emitting
and high—emitting countries, otherwise there is no convergence (for the middle—emitting countries).
Convergence implications on the average growth rates of the CESP scores are shown in Fig. S.2.1 in the
Supplementary material.

Overall, our findings regarding the convergence patterns of both low-emitting and high-
emitting countries complement recent findings from the “safe and just space” framework
(Fanning et al., 2022). Specifically, they highlight the promising sustainability trajectories
of countries facing significant social shortfalls, contrasting with the lack of progress in
reducing environmental overshoot observed in many affluent nations (Gough, 2020
Wiedmann et al., 2020). This dichotomy is well illustrated by the significant difference in
the speed of convergence between the low- and high-emitting countries.

One of the main contributions of our findings lies in the (non)convergence pattern observed
among middle-emitting countries. The inability to verify the convergence hypothesis for this
group raises several concerns regarding their ability to achieve just transition. Such an
important finding could have easily been overlooked if the convergence hypothesis had been
tested without prior segmentation by carbon emission range. Indeed, while convergence
among low-emitting and high-emitting countries is sufficient to report global convergence of
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the entire panel of countries, it masks the divergent behaviors of many middle-emitting

countries (see Supplementary material S.2.1).
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Figure 5: Just transition relative paths across middle-emitting countries’ subgroups (a) and their 2010

and 2020 CESP scores (b) . The 45° line represents the case where the CESP score remains unchanged in
2020 compared to 2010. The distance from that line represents the increase (above the line) or the decrease
(below the line) in the CESP score over the last decade. The points size in (b) reflects the population sizes

(square root rescaled values to improve the visibility).

Although the observed transition pattern of the middle—emitting countries shows no evidence
of convergence, it likely masks just transition relative path of a more complex nature, i.e.,
where the convergence occurs differently within different subgroups of countries or “clubs”.
Our analysis shows that the middle-emitting countries consist of four convergence clubs that
significantly differ in their convergence speeds and just transitions relative paths (see Table
S.2.2 and Figure S.2.2 in the Supplementary material). Fligure 5a shows the average just
transition relative path of each club of the middle-emitting countries. In particular, a strict
divergence can be clearly observed over the last decade of the period (2010-2020). As a
result, countries with initially poor CESP performance did not necessarily experience a
substantial increase in their CESP scores over time. Such pattern therefore traps the middle-
emitting countries in persistent disparities and a limited ability of low performing countries
to catch-up with better performing ones.
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Over the last decade of the period, a considerable number of middle-emitting countries, and
Club 3 and 4 countries in particular, have deviated from the desired CESP trajectory and
are currently on a path of increasingly unsustainable social progress. This worrying trend is
reflected in CESP scores, which have seen no improvement or have fallen sharply since 2010
(Figure 5b). Even more strikingly, Club 3 and 4 countries alone account for almost a third
of the world’s population, including countries such as China, Russia, Iran and Turkey.
Achieving just transition globally might, to a great extent, be undermined by the trajectories

of these countries.

4 Discussion

To achieve just transition, nations must enhance their capacity to efficiently convert their
resources into achieving the necessary levels of social progress (Hickel, 2020, O’Neill et al.,
2018). Given the substantial disparities in environmental pressures and societal
achievements among nations, addressing the issue of sustainability effectively requires
considering countries’ levels of development and environmental impact. The CESP evaluates
countries’ performance relative to each of these country-specific attributes and can thus be
regarded as an appropriate measure of countries’ just transition performance.

Convergence in the CESP is the key condition for achieving the just transition globally since
it is the result of a general improvement, and a decrease in the disparities in countries’
ability to attain social progress while decreasing their carbon footprint. In addition, this
convergence analysis is conducted both on the global level and within distinct ranges of per
capita carbon footprint, enabling us to reveal the significant contrasts in the convergence
speeds. This further illustrates that the potential for achieving just transition varies across
different levels of environmental impact.

In this paper we show that the initial disparities observed decreased notably over time as
many countries caught up with their better-performing counterparts. This reflects
substantial improvements in social progress while keeping the per capita carbon footprints
low (Gough, 2020, Wiedmann et al., 2020). This is particularly true for the low-emitting
countries, which indicates a strong potential for their just transition paths. Sustaining this
promising trajectory requires increased investment in universal goods such as public health
and education to further promote social progress (Franzoni and Sdnchez-Ancochea, 2016;
Hickel, 2020).

It is important to highlight that low-emitting countries, which account for nearly half of the
world’s population, maintained an average per capita carbon footprint below the 1.9 tCO2e
threshold during the 1990-2020 period. This threshold represents the level necessary to limit
global temperature rise to 1.5 °C by 2030 (Chancel, 2022). Achieving convergence in the
CESP at a sufficient pace within this group is essential for reaching a steady state, where
half of the world’s population attains the required level of social progress within planetary
boundaries (O’Neill et al., 2018).
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However, the differing patterns of convergence across levels of per capita carbon footprint
raise significant questions about how a just transition can be realized. In countries with very
low per capita carbon footprint, primarily low-income nations, a just transition is more likely
to occur through improving social progress at a rate that exceeds the rise in per capita
carbon footprint, reflecting a process of relative decoupling between social progress and
environmental pressures. As social progress advances and its rate of increase slows, achieving
a just transition necessitates a reduction in per capita carbon footprint, signifying an
absolute decoupling process—an endeavor that is considerably more challenging to
accomplish (Hickel, 2019).

In fact, the slow convergence of high-emitting countries can be attributed mainly to
diminishing social returns as resource use increases (Fanning and O’Neill, 2019, Vogel et al.,
2021). This finding raises concerns regarding the just transition potential of these nations
and underscores the “success deficit” of the most socially progressed countries (Hickel, 2020).
Additionally, research by Fanning and Hickel (2023) reveals that high-emitting countries,
consisting of 39 Global North nations, have exceeded their fair share of the carbon budget
by over 2.5 times. Moreover, none of these countries are reducing carbon emissions at rates
aligned with the targets set by the Paris Agreement ( Vogel and Hickel, 2023). Even under
the most optimistic scenarios of achieving net zero emissions by 2050, their cumulative
emissions are projected to be nearly three times higher than the fair share compatible with
the 1.5°C limit (Fanning and Hickel, 2023).

In addition to the slow convergence of the high-emitting countries, what we find particularly
concerning is the divergence, or club convergence of the middle-emitting countries, which
presents a significant obstacle to achieving just transition globally. This divergence can be
explained by the relatively carbon-intensive production patterns and a limited opportunity
for improved social progress (Lamb et al., 2014). Middle-emitting countries are therefore
undergoing widening disparities in their ability to sustainably transform resource use into
social achievements. This trend suggests that there is no indication of a potential catch-up
in the short or medium term, as this unsustainable trajectory has persisted for more than a
decade.

While many middle-emitting nations, often emerging economies, are characterized by
resource-intensive production patterns ( Wang and Jiang, 2020), the high-emitting countries
also face the risk of being unable to move towards just transition due to their carbon-
intensive consumption vpatterns (Hickel and Kallis, 2020). This situation makes it
increasingly difficult to decouple social progress from carbon emissions and is also reflected
in the slow convergence or strict divergence from the desired trajectory to just transition.

From a policy standpoint, these findings challenge conventional perspectives on decoupling
development from carbon emissions, such as the Environmental Kuznets Curve, highlighting
the imperative for intensified policy interventions and behavioral shifts. In addition to the
unpromising trajectories of the high-emitting countries, policy makers must pay particular
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attention to diverging middle-emitting countries (especially focusing on club 3). Their
unsustainable trajectories may also be attributed to rent extraction processes (Fanning et
al., 2020), which prioritize the exploitation of resources for financial gain rather than
addressing human needs, while relying on mechanisms of control and dominance to maintain
social stability (D’Alisa and Kallis, 2020; Hickel, 2018).

Therefore, the primary obstacle in the face of achieving just transition does not solely arise
from the rapid increase in consumption levels observed in developing countries (Zheng et
al., 2023). The attention should also be directed towards the middle- and high-emitting
countries, which exhibit structurally more carbon-intensive development pathways and have
limited ability to decouple from carbon emissions. This underscores the crucial need for
policymakers to prioritize wellbeing improvement rather than economic growth as a core
development objective (Hickel et al., 2021; Jackson, 2021).

To achieve just transition, the low-emitting countries can still significantly increase their
CESP scores through the relative decoupling of social progress from carbon emissions,
implying a less constraining trade-off compared to more developed middle- and high-emitting
countries. Moreover, structural changes promoting sustainable social progress and adopting
a “grow clean” rather than “grow now, clean up later” view of development are more likely
to take place in less developed contexts. In these contexts, where production and
consumption patterns are less complex and climate change impacts on social and economic
conditions are more severe, there is further motivation for sustainable structural changes
(Franzoni and Sanchez-Ancochea, 2016).

5 Conclusion

Bearing in mind the strong relationship between countries’ income evolution and the extent
of their environmental damage, our premise is that countries’ social progress can, on the
other hand, be environmentally efficient and that there is potential for just transition
through the countries’ convergence towards environmentally efficient social outcomes ( Voge/
and Hickel, 2023). In this paper, the CESP serves precisely to evaluate countries’ ability to
fulfill the needs of their citizens and to create social conditions favorable to the improvement
of their well-being without compromising those of future generations through unsustainable
carbon footprint levels.

In this paper, we reveal the promising trajectory of the low-emitting countries towards just
transition, and the insufficient decoupling ability of the high-emitting countries which
hinders their process of just transition. Even more importantly, we also uncover the worrying
unsustainable trends of the middle-emitting countries. As previously discussed, within this
group, a more carbon-efficient social progress requires a simultaneous effort to reduce the
carbon footprint and ensure social progress. So far, the literature overlooked this particular
group of countries, and has often emphasized the dual focus on preventing social deprivation
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in poor, while limiting the excessive consumption and affluence by the wealthy countries
(Gough, 2020, Oswald et al., 2021; Wiedmann et al., 2020).

Our findings could, however, be further refined if additional environmental indicators are
considered in defining and measuring just transition (Htitich et al., 2024). In addition, we
do not explore the relationship between the carbon footprint and distinct aspects of social
progress captured by the individual dimensions, components or even indicators of the SPI.
In our analysis we use the aggregate index, but carrying out this study with a set of
individual elements of the SPI would give more detailed insights into countries’ just
transition performance with respect to distinct aspects of social progress. Finally, our study
does not aim at exploring countries’ future trajectories, and the convergence results should
be interpreted in terms of countries’ historical trends.
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Achieving Just Transition Through Convergence in
the Carbon Efficiency of Social Progress

Supplementary material

Mohamed Htitich, Jaromir Harmacek & Petra Krylova

S.1 Identifying breakpoints in the relationship between SPI and per
capita carbon footprint

Segmented regression models, valuable across disciplines such as epidemiology and ecology,
are used for their ability to identify breakpoint—Ilocations where the linear relationship
between variables changes (D’Angelo et al., 2020). The segmented regression method is
performed using the R package “segmented” (version 1.6-3) (Muggeo and Muggeo, 2017),
consisting of an iterative fitting algorithm to detect significant changes in the slope and,
consequently, the existence of breakpoints in the relationship (Muggeo, 2020, 2003). These
breakpoints were identified a priori based on optimalization of the Bayesian Information
Criterion (BIC) (Schwarz, 1978) and the Akaike Information Criterion (AIC) (Akaike, 1974).
The general formulation of the segmented linear regression is expressed as

GEY|xpzi]) = a+ 270 + Ba; + T2, 8 — i)+ (7)

Here, g serves as the link function (ordinary least squares in our case), x; denotes a covariate
exhibiting a broken-line pattern (per capita carbon footprint), while z; represents any other
covariate without such discontinuities in its relationship with the response variable. Let K|
denote the real number of breakpoints, and 1, represent the locations of these changes.
These are selected from the entire range of x values. The term (x; — ;) + is defined as
I(xj > y), equivalent to (x; — P )I(x; > ;). The coefficient 6 signifies the continuous effect
of z;, f denotes the effect for x; <, and §; stands for the vector of differences in effects.

For estimation purposes, we opt for a reparametrization of the segmented model, which
offers the advantage of an efficient estimating approach using the algorithm discussed in
Muggeo (2008, 2003) and D’Angelo et al. (2020). This involves iteratively fitting the

generalized linear model:
gEYx]) = Brxi + Tk 8T + X vicVie (8)

7Twhere U;, = (xi—lljk)Jr,Vi,; = —I(xi >1/3k). The parameters f and 6, are the same of
Equation (7), while the y are the working coefficients useful for the estimation procedure.
At each step the working model in Equation (8) is fitted and new estimates of the

breakpoints are obtained via:
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iterating the process up to convergence (in statistical sense).

To determine the number of breakpoints in the relationship between SPI and per capita
carbon footprint, we use the BIC and the AIC for model selection and optimization (AMuggeo,
2020). These information criteria balance model goodness of fit with model complexity to
prevent overfitting. In segmented regression, the BIC and AIC are optimized by selecting
the model with the lowest BIC or AIC value. This process entails fitting segmented
regression models with varying numbers of breakpoints (up to a maximum of 10 breakpoints)
and comparing the BIC or AIC values of these models to identify the optimal model
(Muggeo, 2020) (see Appendix A.1.1). The algorithm starts with an initial guess for the
breakpoints and then iteratively refines the estimates until convergence is reached. At each
iteration, the algorithm updates the estimates of the breakpoints and other model
parameters and evaluates the goodness of fit using a deviance statistic (see Supplementary
material S.1.2). The AIC in formulated as fallows:

AIC = —2logL + 2p

Where L symbolizes the likelihood function, while p denotes the actual model dimension,
determined by the count of estimated parameters. These parameters include g, 8, and P
vectors within the segmented regression models, such that p =1+ 2K. Among a set of
candidate models for the data, the favored model is identified by its minimum AIC value.
Consequently, AIC evaluates the goodness of fit, as evaluated by the likelihood function,
while also incorporating a penalty that escalates with the number of estimated parameters.
This penalty discourages overfitting, a practice generally undesirable because augmenting
the model’s parameter count typically enhances the goodness of fit indiscriminately.

The BIC on the other hand is formulated as follows:
BIC = nlogé? + plog(n)

~ . D . 1 . .
Where 62 represents the error variance, which is defined as nzyﬂ(yi — f;)%. However, this

is a biased estimator for the true variance. In terms of the residual sum of squares (RSS),
the definition becomes BIC = nlog(RSS/n) + plog(n). When choosing among various models,
the one with the lowest BIC is favored. BIC increases with both the error variance 6% and
the number of parameters p. Thus, higher unexplained variation in the dependent variable
and an increase in the number of explanatory variables elevate the BIC value. Consequently,
a lower BIC indicates either fewer explanatory variables, a better fit, or both. Generally,
BIC penalizes parameters more rigorously than AIC, although this can vary depending on
the values of n and p, enabling it to consistently identify the true model (Shao, 1997: Shi
and Tsai, 2002).
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S.1.1 Selecting the number of breakpoints in the relationship between SPI and
CO2 per capita footprint
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Figure S.1.1: Breakpoints selection and BIC and AIC values . Bootstrapping was used to estimate the
confidence intervals of the segmented regression models. The final and optimal number of breakpoints is
based on 10 resampled datasets.

To select the number of breakpoints in the relationship between SPI and per capita carbon
footprint, we use the Bayesian Information Criterion (BIC) and the Akaike Information
Criterion (AIC) for model selection and optimization. BIC and AIC are information criteria
that balance model goodness of fit with model complexity to prevent overfitting.

The BIC and AIC are optimized in the segmented regression by selecting the model with
the lowest BIC or AIC value. The process involves fitting segmented regression models with
different numbers of breakpoints (with a maximum of 10 breakpoints) and then comparing
the BIC or AIC values of these models to identify the optimal model.

Figure S.1.1 shows that the model with the lowest BIC value is associated with the model
that has two breakpoints. As for the AIC, it shows that three breakpoints further improve
the fit. However, we retain two breakpoints since the slope corresponding to the per capita
CO; footprint above the third breakpoint is not significantly different than 0, as shown in
Table 1.

S.1.2 Identifying the breakpoints values through iterative fitting

In the segmented regression modelling process, an iterative algorithm estimates (Muggeo, 2020, 2003)
the breakpoints, defining the per capita carbon footprint segments. The algorithm starts with an
initial guess for the breakpoints and then iteratively refines the estimates until convergence is reached.
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At each iteration, the algorithm updates the estimates of the breakpoints and other model parameters
and evaluates the goodness of fit using the deviance statistic. The left panel of Figure 7 shows the
breakpoints estimates throughout eight iterations. It also clearly shows that the breakpoint values
stabilize at 1.8807 and 10.0886, thereby dividing the relationship between SPI and CO2 emissions
into three segments (with three different slopes).
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Figure S.1.2: Breakpoints estimates throughout several iterations . Estimates convergence attained in
eight iterations. Starting values of the breakpoints were set to fall between 1 and 20 metric tons per
capita. This range is where the curvature of the linear fit occurs. The breakpoints estimate converge at
1.88 and 10.08

The right panel of Figure A.1.2 shows the deviance statistic, which measures how well the
segmented regression model fits the data compared to the null model (the model with no
breakpoints).

Table 1 shows the parameter estimates for three models: the null model (with no
breakpoints), a model with two breakpoints and a model with three breakpoints. The latter
is included since the AIC optimization shows that adding the third breakpoint improves the
fit. However, adding the third breakpoint does not improve the overall fit significantly, and
the slope change is not significantly different from 0. Therefore, we use the two breakpoints
model parameters to segment the relationship between SPI and per capita carbon footprint.
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Table S.1: Results of the segmented regression using SPI as the dependent variable and
per capita carbon footprint as the independent variable

Model:
no breakpoints 2 breakpoints 3 breakpoints
(Intercept) 54.477 36.395 36.377
(0.266) (0.440) (0.437)
Slope 1.546** 13.57 13.6*+
(0.032) (0.465) (0.46)
Slope after 1 st breakpoint 2.638"* 2.5871 %
(0.091) (0.085)
1st breakpoint 1.881* 1.88***
(0.06) (0.061)
Slope after 2 nd breakpoint -0.507*** -0.784
(0.047) (0.081)
2nd breakpoint 10.08* 10.665**
(0.216) (0.22)
Slope after 3 rd breakpoint 0.172
(0.174)
3rd breakpoint 30.49
(2.434)
Note: Standard errors are reported in parentheses. *, *",”" indicates significance at the

90%, 95%, and 99% level, respectively. Bootstrapping was used to estimate the
confidence intervals of the segmented regression models. The final and optimal number
of breakpoints is based on 10 resampled datasets.
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S.2 The convergence hypothesis log- t test and clubs
clustering algorithm

The convergence hypothesis is tested using a log t-test on the semi-parametric model of
the transition parameter v;; formulated as
0i&;

Vit =Ui+# (Al)
where both &; ~ 7id(0,1) across i, and o; are idiosyncratic scale parameters, L(t) is a slowly
varying function for which L(t) » o as t » . a denotes the rate at which the cross-
sectional heterogeneity decays to zero; therefore, v;; converges to v; when «a is positive; the
function L(t), however, allows convergence to hold also when a = 0.

The null (H,) and alternative hypotheses (H,) are formulated as follows:
Hovi=v & a=0 (A.2)
Against

Hy{vi=v for all i with a <0} or {v;#v for some i with a =20 or a <0}
(A.3)

While H,, implies convergence of all countries, ;4 implies both the case of their divergence,
and their convergence within subgroups with positive convergence speeds, i.e., club

convergence.

Phillips and Sul (2007) demonstrate that under convergence (), the transition distance
H; has the following limiting form:

A
Ht~m,as t > o0 (A4)

Where the constant A > 0. The “log-t” regression model is a result of setting L(t) =logt
and is therefore formulated as follows:

log %—2 log L(t) = b +flogt + u, , t=[T]..T (A.5)

Where r denotes the fraction of t to be discarded in the log t regression. Based on extensive
Monte Carlo simulations, Phillips and Sul (2007) suggest that r be bounded between 0.2
and 0.3, as it focuses on the latter part of the data sample, thereby ensuring the test
consistency in growth convergence applications. Under H, the coefficient f converges to the

convergence parameter 2a.

Unlike in the general f convergence interpretation (Baumol, 2003), the t-statistic shows that
the 8 is either positive or equal to zero if tg > —1.65. In this case, we assume there is a
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convergence of the panel of countries, and the higher this B coefficient, the faster the
convergence. Otherwise, if the test indicates that the sign of f§ is negative, the convergence
hypothesis H, is rejected. Thus, it remains to verify if ;4 corresponds to a pure divergence
or club convergence. For this purpose, Phillips and Sul (2007) allow us to identify clusters

of club convergence.

When the convergence hypothesis is rejected, it remains to verify if H,, can still hold in case
of club convergence. The club convergence clustering algorithm consists of 4 steps:

- Step 1: Cross-sectional ordering based on CESP scores at the final half period.

- Step 2: Identifying a core group of countries that converge by sequential calculation
of the t-statistic tg) for log t regressions based on data of the k top-ranked countries
in step 1 for 2 < k < N. The core group is the one that has the maximum ¢g , thereby
ensuring convergence of the group’s real inclusion of countries.

- Step 3: Sieving the data for new club members by adding one country in the core
group at a time and then rerunning the log t test. The newly added country is then
considered to belong to the core group if tg is greater than the defined critical value
c*. Given the time period of the study we set ¢* = 0 and to avoid overestimating or
underestimating the number of countries belonging to the core group. Phillips and
Sul (2009) suggested that for small time periods (T < 50) ¢* should be equal to 0 (a
highly conservative value), and for large time periods (T = 100) to the asymptotic
5% critical value, that is —1.65.

- Step 4: Recursion and stopping rule: creating a second group for countries where
data sieving in step 3 fails. If this group satisfies the convergence condition, i.e., tg >
—1.65, there are two convergence clubs (core and the newly formed group). Otherwise,
steps 1, 2, and 3 are repeated to verify if the second group can be divided into

convergence clusters. In step two, the remaining countries diverge if tg; < —1.65.
S.2.1 Convergence Log- t test results and implications on CESP average growth
rates

Table A.2.1 shows the results of the Log-t test. The non-rejection of the null hypothesis H,,
(as indicated by the P-Values) implies convergence in the CESP score. H; is not rejected
when the log-t test is performed on the full panel of countries. However, when the test is
performed on each segment of countries separately, H, is rejected for the middle-emitting
countries, implying strict divergence with negative convergence speed parameter . The Log-
t test shows no evidence for H rejection for low- and high-emitting countries. However, the

convergence speed is much higher for low-emitting countries than for high-emitting ones.

Figure S.2.1 plots the CESP score in the final year 2020 against the initial CESP score in
1990. The dashed line in the figure is the 45-degree line, so the distance between each point
and this line implies the average growth rate over the entire period. The fast convergence of
the low-emitting countries implies higher growth rates in countries with initially lower CESP

scores, illustrating a pattern of worse-performing countries catching up with the initially
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better-performing ones.

Table A.2.1: Convergence Log- ¢ test results for the full panel and segments of

countries.
E Std.Err | T-Value | P-Value
Full panel of countries (n = 160)| 0.2396 | 0.0676 3.5416 0.9998
Low-emitting countries (n = 67) | 0.5003 | 0.0474 | 10.5528 1.0000
Middle-emitting countries (n = -0.5847| 0.1198 -4.8802 0.0000
63)
High-emitting countries (n = 30) | 0.1256 | 0.1788 0.7023 0.7587

Note: Countries convergence is verified under the null hypothesis H, and rejected
under H,. The ¢ test is one-sided. The standard errors are heteroscedasticity and
autocorrelation consistent (HAC). This approach accounts for both heteroscedasticity

(unequal variances) and autocorrelation (correlation between error terms) in the data.
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Figure S.2.1: Initial and final period CESP scores across emission country groups. The 45° line
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For the middle-emitting countries, Figure 8 shows no evidence of the same catching up
pattern (no f convergence). Countries in this group seem to experience similar average
growth rates in the CESP score which maintains the disparities between the middle-emitting
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countries (no ¢ convergence).

As for the high-emitting countries, Figure 8 illustrates the implications of slow convergence
by showing that the difference in the average growth rate between initially better and worse
performing countries in the CESP score is less significant. This pattern further confirms
that, unlike the low-emitting countries, the convergence of the high-emitting countries
requires a substantial reduction in per capita carbon footprint. Therefore, in this group,
worse-performing countries in the CESP score experience greater difficulty in catching up

with the initially better performing ones.
S.2.2 Club convergence of the middle-emitting countries

Figure 9 illustrates the just transition relative paths of the four convergence clubs. The
decrease in convergence speed is evident as we move from club 1 to club 3 (as shown in
Table 3). In club 1, countries show a noticeable and sharp shift towards unity throughout
the period. Similarly, club 3 countries exhibit a similar shift but to a lesser extent. The
slower convergence speed of club 3 countries is reflected by a more persistent gap from unity.
On the other hand, club 4 countries have the highest convergence speed, but the transition

trajectory is towards negative growth rates of the CESP.

Table S.2.2: Club Convergence Algorithm Results

Club | Countries B Std.Err| T-Value| P-Value
Club | Costa Rica, Uruguay, Greece, Portugal, Spain, 0.6368| 0.1707 | 3.7318 0.9999
1 Jamaica, Tunisia, Ecuador, Romania, Sweden,

France, Croatia, Cyprus, Barbados, Republic of]
North Macedonia, Italy, Mexico, Jordan, Gabon,
Maldives, Lebanon, Uzbekistan,
Namibia, South Africa, Eswatini

Club | Argentina, Chile, Latvia, Mauritius, Brazil,|0.3264| 0.1959 1.6663 0.9522
2 Dominican Re- public, New Zealand, Lithuania,
Fiji, Bulgaria, Suriname, Ukraine, Kyrgyzstan,
Poland, Hungary, Slovenia, Algeria,

Slovakia, Belarus, Azerbaijan

Club | Cuba, Panama, Thailand, Serbia, Bosnia and 0.0393| 0.1555 | 0.2528 0.5998
3 Herzegovina,

Turkey, Egypt, Venezuela, Malaysia, Botswana,
Russia, Syria,Iraq, China, Iran, Libya

Club | Turkmenistan, Mongolia 0.936 1.031 0.908 0.8181

Table S.2.2 shows the country composition of each of the four clubs within the middle-
emitting countries. The convergence speed estimates are positive for all Clubs which implies
that there is convergence within all clubs but the convergence speed varies significantly

193



across them.
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Figure S.2.2: The four clubs of the CESP convergence among the middle—emitting countries
Convergence clubs were identified using Phillips and Sul (2009) algorithm. The log- ¢ test statistic is greater
than the critical value of -1.65 for all clubs which implies club convergence of the middle-emitting countries.
Selected countries are highlighted for Club 1, 2 and 3.

S.3 The Social Progress Index Time Series

S.3.1 Framework and coverage

In this study we use the Social Progress Time Index Series developed by the Social Progress
Imperative (Harmacek and Krylova, 2023). This Index combines 52 social outcome indicators
to measure social progress of 170 countries over 1990-2020.

The Index focuses explicitly on non-economic aspects of national performance. It synthesizes
three distinct but interconnected questions to provide an insight into the level of countries

social progress:

Each of these questions represents a distinct “dimension” in the Index framework. Each
dimension has four components which consists of individual indicators (Figure A.3.1).

S.3.2 Selected indicators and aggregation procedure

The Social Progress Index Time Series framework comprises a total of 52 social outcome
indicators, with 3 to 6 indicators per component (Figure A.3.1).
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Figure S.3.1: Social Progress Index Time series indicators . The components of the Index are in bold

The indicators are carefully selected into the framework based on multiple quality criteria
and the data are subject to series of modifications where needed (missing values imputations,
transformations, standardization etc.) prior to final calculation. The Social Progress Index
Time Series Methodology Summary (Harmacek and Krylova, 2023) outlines these steps in a
greater detail.

In order to calculate component scores, the set of indicators for each component is grouped
into a factor using principal component factor (PCF) analysis, using the 31 years of data
available. PCF combines indicators in such a way as to capture the maximum variance in
the data while minimizing redundancy between indicators. This involves assigning weights
to each indicator, ensuring that they contribute significantly to the component score while
taking into account their similarities.

The PCF scores are rescaled from 0 to 100 using the min-max method. Each dimension score
is calculated as the arithmetic average of its respective component scores. Similarly, the
overall Index score is computed as the arithmetic average of the dimensions scores.
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ABSTRACT KEYWORDS
Understanding public perceptions of climate change is crucial for more Climate change; perceptior
targeted communication and better-informed policymaking. Moreover, the measurement; composite
perceptions of climate change encompass different aspects and thus need to index; social media

be defined and measured using a multidimensional approach. In this paper,
we introduce the Climate Perceptions Index (CPI), a composite measure that
comprehensively assesses the public perceptions of climate change, based
on a sample of over 100 thousand active Facebook users across 107 coun-
tries. We construct the CPI as an aggregate of three distinct dimensions that
quantify the awareness of climate change, risk perception, and commitment
to action. The results show that the extent of climate change perceptions
varies significantly across countries and across dimensions. Countries with
the highest and lowest scores globally can be found in almost all regions, and
across all levels of socio-economic development. Furthermore, we analyze
the relationships between the CPI dimensions and find that the influence of
risk perception on commitment to action is the strongest at the lowest levels
of climate change awareness. This highlights the possibility of climate
change risk normalization at higher levels of awareness, and further shows
that effective policies and strategies must not only focus on raising knowl-
edge about climate change, but also overcome the normalization of its
threats.

Introduction

Perceptions of climate change encompass awareness, risk perception, and commitment to actio
three intertwined elements, whose relationships have been explored in diverse ways in the literatu
(Maartensson & Loi, 2022; O’Connor et al., 1999). Understanding these elements and their relatior -
ships is crucial for effective climate communication and policy making. The Climate Perceptior
Index (CPI)' can be viewed as an attempt to provide a comprehensive assessment of the public
opinions on climate change globally. It measures countries’ climate change perception levels on tk
basis of awareness, risk perception, and commitment to action.

The awareness of climate change has always been a straightforward concept, proxied as the level of
self-reported knowledge about the issue, and believed to be shaped mainly by the level of education
(Metzger et al., 2010). The risk perception, on the other hand, refers to the way individuals perceive the
likelihood, severity, immediacy, and personal relevance of climate-related threats (van der Linden,
2014). It can vary significantly across countries due to the multitude of factors that affect it, such as the
differences in exposure to climate impacts, or cultural beliefs (Lee et al., 2015). As for the commitment

CONTACT Jaromir Harmécek @jaromir.harmacek@upol.cz @ Faculty of Science, Department of Development & Environmental
Studies, Palacky University Olomouc, 17. listopadu 12, Olomouc 77146, Czech Republic

© 2024 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is
properly cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with
their consent.

196



M. HTITICH ET AL.

to climate action, it is defined as the willingness to engage in climate action and advocate for pro-
environmental policies (Xie et al., 2019).

There is a crucial need for a more comprehensive approach to measuring the public perception of
climate change. It is because the link between climate change awareness and the general perception is
uncertain due to the mismatch between subjective information (beliefs) and objective evidence (such
as the scientific agreement that fossil fuel combustion contributes to climate change). Single-item
assessments like “I know a lot about climate change” often yield inconsistent findings (Leiserowitz,
2006). It is therefore necessary to consider not only whether an individual is “aware” of climate change,
but also the extent to which climate change is perceived as a serious threat. The intersection with
awareness is important since it allows a clear demarcation between the case where individuals report
a high level of knowledge about climate change while downplaying its risks, and the case where high
knowledge implies a higher perception of risks and ultimately increased commitment to action and
environmentally friendly behaviors.

Apart from the potential overlaps between awareness and risk perception, the commitment to
action is considered to be a unique and important component of the general climate change percep-
tion. Individuals can still be reluctant to engage in pro-environmental action despite “knowing a lot
about climate change” and perceiving it as a “serious threat.” This is due to the interplay of other
significant factors such as the perceived cost of mitigation behaviors and low efficacy which can largely
undermine the willingness to act even in cases where individuals have experience with extreme
weather events and are aware of climate change. Indeed, the sense of self efficacy and belief in the
usefulness of one’s actions is a necessary condition for behavioral willingness (Grothmann et al., 2013).
This can therefore lead to a clear divide in the proportion of individuals willing to take mitigation
action across countries and would depend mainly on whether civic engagement is encouraged or
constrained.

In this paper, we measure the public perception of climate change across different countries in
a comprehensive manner that covers the above-discussed three dimensions (i.e., awareness, risk
perception and commitment to action). Most importantly, we construct the Climate Perceptions
Index (CPI), a composite indicator that ranks countries based on the level of perception in all the three
dimensions. This allows for a more straightforward insight into the extent to which the public is aware
of climate change, perceives its risks and is committed to act against it. Furthermore, it is possible to
assess countries’ performance across the three defined dimensions separately which allows for a better
understanding of the potential imbalances between awareness, risk perception, and commitment to
action. For instance, countries might score the highest in the awareness dimension of the index but not
necessarily in others, and the same applies to the risk perception and the commitment to action. Such
insight is of great importance and policy relevance as it highlights the areas where public perception is
not adequately high. Most importantly, it raises key questions about the way the three dimensions of
the index interact with each other.

In addition to the more comprehensive approach of measuring climate change perception across
nations based on the CPI, we use the index dimensions to explore the influence of awareness on the
relationship between risk perception and commitment to action. This helps to verify whether higher
scores in the awareness dimension translate into a stronger relationship between risk perception and
commitment to action. Testing this hypothesis is also a step forward in understanding the role of
knowledge about climate change in shaping individuals’ behaviors and attitudes toward it.

We carried out this analysis using data from a survey of Facebook users in 107 countries, thereby
allowing for an unprecedented overview of the global pattern of public perception on social media
among over 100 thousand respondents. The survey was conducted by the Yale program of climate
change communication and Meta (Leiserowitz et al., 2022). It investigates climate change knowledge,
beliefs, attitudes, policy preference and behavior among Facebook users.

The use of this kind of data has multiple implications compared to traditional survey data. On
social media, homophily (the tendency for people to interact with others who share similar beliefs
and values) can largely contribute to the formation of echo chambers. This leads to a higher risk
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that individuals are less likely to encounter opposing viewpoints and only receive information
confirming their existing beliefs (McPherson et al., 2001). Self-reported knowledge about climate
change might therefore be associated with the denial of its occurrence since expressive activities on
social media (such as voicing one’s opinions or concerns) may promote awareness but can also
reinforce existing beliefs if conversations remain within the same social network (Metzger et al.,
2010).

We further review and discuss these implications in the following literature review section, with
special attention paid to the current knowledge about the inter-relationship between awareness,
risk perception and the willingness to action. We devote the methodology section to the CPI
construction procedure and the description of its underlying framework. We then describe the CPI
global distribution of scores with a focus on regional disparities both in terms of the overall CPI
score and its dimensions. Moreover, we go beyond the general description of the CPI performance
and investigate changes in the cross-country relationship between risk perception and commit-
ment to action depending on the level (scores) of awareness. We then discuss policy implications
of the findings and raise some possible limitations in the discussion and conclusion sections
respectively.

Literature review: the interplay between awareness, risk perception and commitmen
to action

Awareness and risk perception

In recent years, there has been a growing interest in understanding public perception of climate
change (Lee et al,, 2015; Leiserowitz et al., 2009; van der Linden et al.,, 2015), as it is seen as
a crucial factor in effective climate change communication and policy making. Previous research
has identified three key elements that summarize public climate change perception: awareness, risk
perception, and commitment to action (O’Connor et al., 1999). Awareness of climate change is an
essential factor in shaping public perception. Studies have shown that individuals who are more
“aware” of climate change are more likely to perceive it as a serious threat (Lorenzoni et al., 2007).
This awareness can come from various sources, including the media, educational programs, and
personal experiences. Research has also found that there is variation in awareness levels across
different nations. For example, individuals in developed countries tend to have higher levels of
awareness compared to those in developing countries (Lorenzoni et al., 2007). However, higher
levels of self-reported knowledge about climate change can also entail the risk of increased
polarization regarding the causes, the risks and policy preferences.

Such discrepancy between the levels of self-reported knowledge about climate change and the
general attitude toward climate change is best reflected on social media platforms. On social media,
admitting that climate change is happening does not necessarily imply believing in its anthropogenic
origins. The view that climate change has no human causation extends beyond awareness and can be
linked to scientific skepticism or ignorance as well as ideological and political affiliations (Kahan et al.,
2012; Metzger et al., 2010; Nisbet, 2009).

In the literature, it is assumed that individuals with a higher level of education have a greater
understanding of the physics behind climate change and a stronger perception of the associated risks
(Leiserowitz, 2005). However, cultural values and beliefs significantly influence risk perception. For
instance, people with more individualistic values, such as personal achievement and independence, are
less likely to perceive climate change as a serious threat. Conversely, those with more communitarian
values, such as concern for the welfare of the community and the environment, are more likely to view
climate change as a threat (Kahan et al., 2012). In this sense, even highly educated individuals may
hold differing opinions based on their beliefs and political affiliations. For instance, a study by Kahan
(2015) supports this notion, revealing that among individuals with higher education levels, those who
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identified as politically conservative were less likely to perceive the risks of climate change compared to
their politically liberal counterparts.

Risk perception and commitment to action

The study of climate change risk perception has received substantial attention in recent decades, with
researchers examining this topic extensively (e.g., Capstick et al., 2015; Egan & Mullin, 2017).
A significant body of research has focused on identifying the factors that influence how individuals
perceive the risks associated with climate change. These factors include natural hazards (Frondel et al.,
2017), cues from influential figures (Carmichael & Brulle, 2017), and optimistic views regarding
technology (Fletcher et al., 2021). Furthermore, an increasing amount of research has explored the
consequences of climate change risk perception. Studies have shown a positive correlation between
climate change risk perception and actions related to climate change mitigation and adaptation (Azadi
et al,, 2019; Jakucionyté-Skodiené & Liobikiené, 2021). This suggests that climate change risk percep-
tion plays an important role in encouraging actions that contribute to more effective efforts in
addressing climate change.

Indeed, a decline in the perception of climate change risk would undermine the overall commit-
ment to contribute to climate change mitigation efforts (Wang et al., 2021). This decline poses
a challenge in translating general intentions into concrete actions, mainly due to the relationship
between specific determinants of behavior (e.g., less favorable attitudes, reduced perceived control,
and increased perceived situational constraints) and precise behavioral intentions. Empirical evidence
has shown that lower levels of climate change risk perception are associated with not only less positive
attitudes toward pro-environmental actions (Mase et al., 2015) but also a reduced willingness to
engage in such actions, and a decrease in the frequency of environmental-friendly behaviors (e.g.,
Lacroix & Gifford, 2018; Xie et al., 2019).

Despite the positive relationship between the perception of risk and the commitment to action, the
interplay may still be fundamentally mediated by self-efficacy (Bandura, 2006; Bandura & Locke,
2003). Generally, risk perception and awareness alone are not sufficient motivations for climate action
if individuals lack the sense of self-efficacy and faith in the outcomes of actions (Grothmann et al,,
2013).Wang et al. (2021) define self-efficacy in the context of climate change perception as “environ-
mental efficacy.” That is individuals’ belief in their capacity to take actions that contribute to
combating climate change. Generally, increasing environmental efficacy could boost intentions to
engage in pro-environmental actions (Huang, 2016; Jugert et al., 2016; Lauren et al., 2016; Steinhorst
et al., 2015).

Mediation factors of the relationship between risk perception and commitment to action

Theoretical and empirical foundations suggesting that climate change belief and environmental
efficacy mediate the relationship between climate change risk perception and commitment to action
can be drawn from the Value-Belief-Norm (VBN) theory proposed by Stern (2000) and Stern et al.
(1999). According to the latter, individuals who possess stronger beliefs regarding the natural
environment and the environmental consequences of human actions are more likely to recognize
the adverse outcomes of not adopting pro-environmental behavior. They also tend to believe that they
can mitigate negative environmental impacts by altering their behavior. These convictions, in turn, are
likely to activate norms related to their moral obligation to take pro-environmental action and
engagement.

Furthermore, individuals with stronger environmental beliefs (as captured also in the data we use in
this paper, for example in the question “Climate change is caused mainly by human activities”) are
more likely to believe in the necessity of climate change mitigation (e.g., “Climate change should be
a high, or very high priority for the government of the country where I live”). More recently, an
investigation using data from the Round 8 of the European Social Survey by Verschoor et al. (2020)
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demonstrated that stronger climate change beliefs were associated with a heightened belief that
reducing one’s own energy consumption could combat climate change. Building upon the VBN
theory and the empirical evidence, it can be inferred that belief in the anthropogenic origins of climate
change, recognition of its negative impacts, and concern about its consequences are positively linked
to a stronger conviction that individual actions can contribute to climate change mitigation.
Consequently, this heightened sense of environmental efficacy may induce a sense of moral obligation
to act, promoting climate change action. In summary, an increased perception of climate change risk
may amplify climate change beliefs, which, in turn, could improve climate change action by fostering
a stronger sense of environmental efficacy (Wang et al., 2021).

Materials and methods
Conceptual framework

The Climate Perceptions Index is built upon the data collected by Meta in its Facebook International
Public Opinion on Climate Change Survey (Leiserowitz et al., 2022). In partnership with the Yale
Program on Climate Change Communication, Meta conducts an annual climate change opinion
survey that explores public climate change knowledge, attitudes, policy preferences, and behaviors.
The data collection methods, translations, sampling characteristics etc. were undertaken by Meta, and
together with simple descriptive statistics of the survey results, they are described in Leiserowitz et al.
(2022). There are sixteen questions in the questionnaire, each consisting of multiple response options,
out of which only one could have been selected by the respondents. Survey data are provided by
respondents for each of the 107 countries (and three additional regional groupings) by Data for Good
department of Meta.

After assessing the nature of the questions, we construct the CPI theoretical framework centered
around the three concepts which we refer to as CPI “dimensions:” Awareness, Risk Perception, and the
Commitment to Action. Based on conceptual fit and statistical testing we select the most appropriate
questions from the questionnaire. We choose to create a symmetric index structure, having four
questions in each of the three dimensions. This ensures equal weighting for each dimension.

While the questions broadly determine the variables used in the CPI framework, it still needs to be
decided how we treat the response categories of each question. To do this, we develop a systematic
approach that assigns weights to responses indicating some extent of awareness, risk perception, and
commitment to action. These responses with weights are then included in the Index calculation while
the rest is disregarded. We prefer this approach over standardizing the individual responses since not
all of them can be considered ordinal. Therefore, we give a weight of one to the responses that
approximate the highest awareness, risk perception, and commitment to action (usually containing
words such as “very high,” “great deal,” “a lot”). Weight of 0.5 is given to the second “best” category (if
applicable), usually consisting of words such as “moderate,” “somewhat” and “high.”

However, some questions do not have an entirely comparable scale, and we have to treat these
individually. In the Commitment to Action dimension, the “personal importance of climate change”
question includes response categories of “extremely important,” “very important,” and “somewhat
important.” Therefore, we give the first and “somewhat” categories weights of 1 and 0.5, respectively,
which is consistent with our general approach, and assign the “very important” category in the middle
a weight of 0.75. Additionally, for the question on responsibility for pollution causing climate change,
we set the weights equal for all three non-denying responses (since it is an example of non-ordinal
responses). Lastly, for four questions, we include one response category that best reflects the desired
extent of awareness, risk perception, and commitment to action. The structure of the Index, with the
response categories (and their weights) included for each question, is visualized in Figure 1.

The Awareness dimension consists of four questions and measures the level of knowledge, the
belief that climate change is a real phenomenon,” the ideas about the causes, and the frequency «
hearing about climate change. The Risk Perception dimension measures the extent of the perceive
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Figure 1. Structure of the CPI.
Source: Authors. Note: Responses highlighted in bold are used in the CPI calculation. The weights assigned to the responses in the
calculation procedure are in brackets.

risk of climate change from a narrow, personal perspective, where the respondents report the level of
concern that climate change will harm them personally, and from an intergenerational perspective,
where respondents report the level of concern about the harm that climate change will cause for future
generations. And finally, the Commitment to Action dimension measures the willingness to adopt
a pro-environmental behavior. The questions capture the importance people place on the issue of
climate change and policy preferences regarding the government’s involvement and their country’s
accountability in addressing the issue of climate change.

Data treatment and CPI calculation

Survey data is provided by respondents in each participating country. We aggregate the respondent-
level data by countries and create country-level proportions for all response categories of each
question included in the Index framework.” For the aggregation, we apply the survey weigh
(Leiserowitz et al.,, 2022). We compute the variables as the weighted average of the country-lev:
proportions of the included questions’ response categories as shown in Figure 1 above.

To allow for better comparability across countries and indicators, each of these variables is scaled to
0-100 scores using a theoretical best-case (100) and worst-case (0) method combined with a min-max
standardization procedure. This is done by expanding the dataset of two fictitious cases — best and
worst — which represent the 100 and 0 scores respectively that are then used in the min-max
standardization. For example, the best case is where 100% of respondents agree climate change is
happening, and the worst case is where 0% of respondents agree climate change is happening. If
a country has 57% of respondents agreeing, their score will be 57. Moreover, scaling the individual
variables to 0-100 scores means that also the CPI and its dimensions are measured on the 0-100 scale,
where 0 represents the worst possible performance, and 100 the best possible performance.

We use the arithmetic average for the aggregation of individual variable scores into dimension
scores, and dimension scores to CPI scores. Being aware of the full compensability of the arithmetic
average aggregation (Mazziotta & Pareto, 2016), we opted for this method as it is more commonly
understood. Moreover, we also tested other methods of aggregation (geometric average and principal
component factor’s derived weights), but their results were very similar to arithmetic average.
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Table 1. Multivariate tests results.

CPI Dimension Factor 1 eigenvalue Factor 2 eigenvalue Cronbach’s alpha Mean KMO
Awareness 2.90 0.70 0.87 0.74
Risk Perception 3.42 0.37 0.94 0.85
Commitment to Action 2.72 0.87 0.84 0.63

Source: Authors. Note: Unidimensionality occurs when only one factor's eigenvalue is larger than 1. Cronbach'’s alpha value should be
above 0.7 (Bland & Altman, 1997). The goodness of fit of the factor should be generally higher than 0.5 (Manly, 2004). All of these
thresholds are safely met for all three dimensions. When we perform the PCF with all variables, the results show that two to three
factors are present.

We performed basic multivariate analyses (both on the underlying microdata, as well as on
the country level values) which validated the groupings of questions, as it ensured a good
statistical fit. For each dimension, the analyses tested for correlations between indicators
(using the Pearson correlation coefficients) and unidimensionality (using the Principal
Component Factor, PCF). We also calculated Cronbach’s Alpha (Tavakol & Dennick, 2011)
and Kaiser-Meyer-Olkin measure of sampling adequacy (Shrestha, 2021) to evaluate the
internal consistency across indicators and the goodness of fit, respectively. As for the correla-
tions, out of the 18 correlation coefficients in total (six in each dimension), 17 were reason-
ably high (>0.38, the highest value was 0.92) and statistically significant at the 1% level. The
remaining coefficient was 0.16 and it was significant at the 10% level. The other multivariate
test results are shown in Table 1 and they indicate unidimensionality (based on the PCF
results), internal consistency across indicators (based on the Cronbach’s alpha values) and
a good statistical fit (based on the KMO results) of each dimension.

Tiers
B Tier1
W Tier2
[ Tier3
[ Tier4
W Tiers
W Tier 6

Figure 2. Geographical pattern of the CPI scores. Source: Htitich et al. (2022).
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Results
The Climate Perceptions Index

The CPI covers 107 countries and 3 additional regional groupings of countries. We created six performance
tiers that were calculated as sextiles based on the CPI's ranking. Tier 1 denotes the best-performing
countries, while Tier 6 indicates the worst-performing countries on the aggregate index. Figure 2 shows
the geographical distribution of scores where the higher the score, the higher is the degree of the overall
perception of climate change. The scores serve therefore as a composite measure of countries’ awareness,
risk perception and the commitment to action. Tier 1 category (the highest sextile) consists of Western
Europe and Latin American countries. Tier 2 and 3 categories are geographically more scattered as they
include Canada, Australia and India as well as predominantly European countries such as Germany and
Poland (plus several Sub-Saharan African countries, including South Africa). Similarly, Tier 4 and 5
categories are geographically dispersed and consist of countries such as the United States, Finland and
Norway. Countries with the lowest scores (Tier 6) are predominantly found in the Middle East and North
Africa (MENA) region, but also include countries from other parts of the world (for example Indonesia,
Thailand, or the Czech Republic).

Clearly, the level of climate change perception (as measured by the CPI scores) varies significantly
across countries. The highest and lowest performance can be observed across regions, and simulta-
neously in developed and developing countries. In addition to the extent of cross-country disparities,
the CPI also establishes how the public’s view of climate change matches with the hazards that it poses
to countries. For instance, the MENA countries respondents report the lowest scores despite being
relatively more vulnerable to droughts and substantial increase in temperatures (Waha et al., 2017).
While in some of these cases it can be due to the lack of general knowledge about climate change and
its risk, the observed low CPI scores in more developed countries such as Norway, Finland, and the
Czech Republic reflect a higher level of polarization on the issue (Kahan et al., 2012; Nisbet, 2009),
which might then be exacerbated, especially on social media, due to the lack of exposure to opposing
viewpoints. As a result, individuals may become less receptive to alternative viewpoints and more rigid
in their preexisting beliefs (Martin, 2018).

Low CPI scores in some European countries are mainly due to low performance in the Risk
perception and Commitment to action dimensions. For instance, countries such as Finland,
Norway, and the Czech Republic achieve some of the highest scores in the Awareness dimension
but the lowest scores in the other two dimensions. Such a combination of performance further
illustrates that high levels of awareness about climate change do not necessarily translate to a higher
perception of its risks nor a higher commitment to action. In more developed countries, higher levels
of education translate into higher knowledge about climate change, yet the lack of experience with
extreme weather events (or with the destructive consequences of those) might limit the perception of
risks. Furthermore, higher education has been found to be associated with increased climate change
denial (Kahan, 2015) which should undermine the commitment to action as well.

As shown in Figure 3, the highest scores of the Risk perception dimension are therefore observed in
less developed contexts. For instance, while Malawi (clearly an outlier compared to other regional
peers) has the highest scores of Risk perception, Sub-Saharan countries have generally moderate scores
in the Risk perception and Commitment to action dimensions. Latin American countries appear to
have generally high levels of risk perception and commitment to action but, strikingly, significantly
lower levels of awareness. However, as a result of having the best scores in both Risk perception and
Commitment to action dimensions, Latin American countries achieve the highest scores in the overall
CPIL On the contrary, the MENA region countries’ low CPI scores are the result of low performance
across all dimensions.

One of the most important findings is that countries’ perception varies significantly across the three
dimensions. Latin American and European countries exhibit the greatest gap of scores across the
dimensions. For instance, while the Awareness score is the highest among European countries, the
Risk perception and Commitment to action scores are generally lower. The same is true for Latin
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Figure 3. Scores distribution of the CPI and its dimensions. Source: Htitich et al. (2022).

American countries where the Risk perception and the Commitment to action are the highest whereas
the Awareness scores are significantly lower. Such imbalances raise questions about the interrelations
between the dimensions, especially if we consider the level of awareness as the discriminant factor
shaping the relationship between the risk perception and the commitment to action.

The influence of awareness on the relationship between risk perception and commitment to
action

We further investigate the dimensional interrelationships by constructing a linear model tree. This
allows us to model the relationship between Risk perception and Commitment to action within
different subsets of countries based on the score in the Awareness dimension. We are, therefore,
able to compare how risk perception is associated with the commitment to action across different
levels of awareness in order to determine whether this association increases or decreases with higher
levels of awareness about climate change.

Figure 4 shows the relationship between the risk perception and the commitment to action across
different levels of awareness. Countries are divided into two groups: countries with an awareness score
strictly higher than 50.64, and countries with a score lower or equal to 50.64. The latter is then split
into two groups again: countries with an awareness score strictly higher than 38.8, and countries with
a score lower or equal to 38.8. All three split values are calculated as levels resulting in a significant
change in the parameters of the models. The effect of the risk perception on the commitment to action
is then assessed for each of these 3 groups and summarized by the scatterplots (terminal nodes) in
Figure 4.

Overall, the relationship between risk perception and commitment to action is positive but its
strength (slope) varies across the levels of awareness. Strikingly, the relationship is the strongest among
countries with the lowest level of awareness (i.e., less, or equal to 38.8) with a slope equal to 0.56. For
countries with slightly higher levels of awareness (a score between 38.8 and 50.64), the association
between risk perception and commitment to action weakens, with a slope of 0.45. As for the countries
with the highest level of awareness (a score higher than 50.64), the relationship is stronger (slope equal
to 0.54) but still weaker than that of countries with the lowest levels of awareness. We find therefore
that the effect of risk perception on commitment to action does not increase with higher levels of
awareness. And what is even more striking: in countries for which the awareness score is lower than
50.64, this effect actually decreases with higher levels of awareness.
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Figure 4. Linear model tree: Risk perception vs. Commitment to action. Source: Authors. Note: Figure 4 shows the linear model tree of
the relationship between Risk perception (the x axis of the terminal nodes) and the Commitment to action (the y axis) split by levels
of the Awareness dimension. The split levels are identified as the ones that result in a significant change in the parameters of the
models. The parameters (intercept and slope) are all significant at the 5% significance level and are based on OLS regression. The fit
curve is obtained using loess regression.

Such findings provide further evidence that higher levels of awareness about climate change
are not necessarily associated with better commitment to action against it. Indeed, self-
reported knowledge about climate change does not necessarily imply concerns about its
risks or willingness to engage in pro-environmental actions. In fact, various factors can
influence the latter, such as political ideology, values, and beliefs that can be shaped (to
a great extent) by the level of education (McCright & Dunlap, 2011). In this sense, individuals
might have negative attitudes toward climate change while at the same time reporting high
levels of knowledge about it.

The overall CPI score serves therefore as a comprehensive measure of how responsive
individuals are to climate change. Most importantly, it considers not only the level of
awareness about the issue but also the extent to which individuals are concerned about its
risks, and how much they are committed to engage in environmental action. As a result,
countries such as Portugal, Costa Rica and Spain achieve the highest scores due to
a combination of several factors. Individuals in these countries have relatively higher levels
of education directly affecting the level of knowledge about climate change. At the same time,
they are more exposed to the consequences of climate change and have a stronger commit-
ment to engage in civic pro-environmental action.

On the other hand, lower CPI scores (e.g., MENA region countries particularly) are mainly
due to lower levels of awareness and risk perception, combined with restrictions to engage in
pro-environmental action. Unlike MENA, countries in Sub-Saharan Africa exhibit moderate
performance that is mainly driven by the risk perception and the commitment to action
dimensions. Indeed, the higher vulnerability to extreme weather events generally results in
a higher intention of individuals to engage in pro-environmental action. This highlights the
importance of considering not only individual knowledge and awareness, but also the con-
textual factors that can influence attitudes and behaviors toward climate change (Shi et al,
2015).

205



Discussion
There is a disconnect between awareness and risk perception of climate change

The CPI reveals how individuals perceive climate change in different geographical locations around
the world. One of the most striking findings is the significant contrast of countries’ performance in the
Awareness dimension and, particularly, in the Risk perception dimension. Prior research has estab-
lished that higher risk perception is associated with the experience with extreme weather events
(Howe, et al., 2019; Zhang, 2022). Our results show that countries with the lowest performance in
this dimension are not only European countries, but the MENA countries as well. For the former, it
can be argued to some extent that individuals do not necessarily have a significant exposure to extreme
weather changes over the last few years. Compared to the MENA countries however, the results are
surprising and raise a number of questions about the ways the perception of climate change risks is
shaped.

Indeed, the “psychological distance” to climate change (Jones et al., 2017; Spence et al., 2012) in
some contexts seems more rigid and personal experiences with extreme weather may not have
a significant impact on public engagement with climate change. These experiences might not neces-
sarily increase the cognitive salience of climate change or trigger an emotional response (Demski et al.,
2017). Therefore, it could be that personal experiences with extreme weather do not consistently lead
to heightened feelings of personal vulnerability and concern, as they may not make potential risks
more concrete.

While it could be argued that low awareness leads to low-risk perception, we observe that
risk perception scores are low even among countries with generally high awareness scores
(e.g., European countries). This shows there is a disconnect between awareness and risk
perception, illustrating that there are other factors (than education and experiences with
extreme weather) that distort the expected simple relationship between the two dimensions.
Numerous studies emphasize the pervasive influence of political ideology and partisan pre-
ferences in various contexts (Brulle et al., 2012; Guber, 2013; Krosnick et al., 2000). These
factors not only diminish the significance of education (Hamilton, 2011; Malka et al., 2009)
but also cast a shadow over the significance of individuals’ personal encounters with extreme
weather events (Brulle et al., 2012; Carmichael & Brulle, 2017; Marquart-Pyatt et al., 2014;
McCright et al., 2014; Ogunbode et al., 2017; Zahran et al., 2006). This holds particularly in
contexts where individuals are more politically engaged and where voters have been observed
to adjust their beliefs and attitudes to align with the positions of their favored political party
(for example, Dunlap & McCright, 2008; Guber, 2013; Linde, 2018).

It is worth noting, however, that the relationship between awareness and risk perception
might depend largely on the way awareness is measured. In research, employing subjective
measures of knowledge, where respondents self-assess their level of knowledge (as in the
present study), findings have indicated a mix of positive, negative, and context-dependent
effects on levels of concern (Malka et al., 2009). In contrast, studies relying on objective
measures of knowledge, involving respondents answering factual questions, have consistently
demonstrated a positive correlation between knowledge and concern regarding climate change
(O’Connor et al., 1999; Shi et al., 2015). However, these investigations have also revealed that
the influence of knowledge on concern varies depending on the type of knowledge. For
instance, while causal knowledge tends to be positively associated with concern, knowledge
concerning the physical attributes of climate change has exhibited both negative and incon-
sequential associations with concern (Shi et al., 2016).

To bridge the gap between awareness and risk perception, policies and initiatives should not
only focus on disseminating information, but also on addressing the ideological and partisan
divides that hinder climate action. Policymakers may need to employ strategies that appeal to
diverse political perspectives and encourage bipartisan cooperation to effectively tackle climate
change.
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Higher levels of awareness are not associated with a stronger relationship between risk
perception and commitment to action

Furthermore, our research shows that no country achieves high scores across the Awareness, Risk
perception, and Commitment to action dimensions. Instead, our findings reveal an intriguing pattern:
countries with the highest Awareness scores, such as those in Europe, exhibit only moderate levels of
Risk perception. Conversely, countries that score the highest in both Risk perception and
Commitment to action, many in Latin America, achieve only moderate Awareness levels. This
suggests a notable discontinuity in the impact of awareness on both risk perception and commitment
to action, where higher awareness does not necessarily translate into higher levels of risk perception
nor commitment to action. Our results further support this observation, revealing that the relationship
between risk perception and commitment to action varies across different awareness levels.
Surprisingly, we find that among countries with higher awareness scores, this relationship is weaker
compared to countries with lower awareness scores.

This may be due to risk perception “normalization” which has significant implications on commitment
to action. When individuals are repeatedly exposed to alarming communication about climate change,
they may tend to adapt to its presence, leading to a weaker connection between their perception of risks
and their commitment to action. This effect is particularly relevant in the contexts where the consequences
of climate change are often perceived as distant in both space and time (European countries), making it
challenging to grasp their immediacy. As a result, climate change related communication aiming at raising
risk perception may have little to no real impact on commitment to action.

Such a mediation effect of awareness in the relationship between risk perception and commitment
to action was previously established by Lima et al. (2005). They found that indicators of technological
prevalence, such as CO2 emissions and chemical use in agriculture, were associated with lower risk
perception. This relationship was mediated by increased awareness of environmental hazards linked to
these technologies. Higher technological prevalence led to greater awareness of environmental risks
due to advancements in policy and risk management. However, this heightened awareness was
paradoxically linked to reduced perceived risks associated with those technologies, such as climate
change and pollution from chemical use in farming. It appears that individuals tend to develop
psychological strategies to minimize perceived threats, which, unfortunately, do not contribute to
solving environmental hazards.

In addition, individuals who possess knowledge about climate change may not translate this
awareness into action, leading to implicatory denial. This suggests a disconnection between abstract
climate change information and its integration into everyday life. Interpretative denial also comes into
play as individuals may reinterpret climate change information, perceiving it as a natural occurrence
or underestimating its severity. Furthermore, as we use data from social media users, our analysis
underscores the potential effect of vested-interest groups engaging in misinformation campaigns
further contributing to climate change denial and undermining public understanding of scientific
consensus and impeding policy progress (Oreskes & Conway, 2010).

In the realm of climate change policy, it is imperative to recognize and address the “normalization”
of climate change risks resulting from increased awareness. Effective policies and strategies must
overcome the psychological adaptation to threats and the associated disconnect between knowledge
and action. Furthermore, confronting climate change denial necessitates countering the reinterpreta-
tion of climate information and mitigating the influence of vested-interest groups. Policymakers must
consider not only the scientific and economic aspects but also the psychological and sociopolitical
dimensions in order to foster meaningful commitment to climate action and mitigation behaviors.

Conclusion

The Climate Perceptions Index offers a comprehensive view of how countries perceive climate chang
across the globe. Our results show that climate change is perceived differently across countries. Ther
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are significant disparities in the extent to which people are aware of climate change, perceive it as
a threat and are willing to act against it. Generally, the Latin American countries are the most
perceptive of climate change, while countries from the MENA region are the least. The performance
of countries from other regions varies significantly across dimensions. For instance, while European
countries achieve high levels of awareness, they perform moderately in terms of the risk perception
and commitment to action. In contrast, the risk perception levels in Sub-Saharan African countries are
higher than the awareness and commitment to action.

However, in this paper we move beyond the general description of country scores and use
the Index to reveal the complexity of the relationship between awareness, risk perception and
commitment to action. In particular, we study how the strength of the relationship between
risk perception and commitment to action varies based on the levels of awareness.
Surprisingly, the strongest relationship is found among countries with lower performance in
awareness. In contrast, countries with higher awareness do not necessarily exhibit a stronger
connection between risk perception and commitment to action. This finding underscores the
notion that high awareness does not always translate into proactive environmental engagement
(Shi et al., 2015). Multiple factors, including political ideology and values, can influence
a person’s attitude toward climate change. As a result, individuals may hold views denying
climate change despite reporting high levels of knowledge about it.

This mismatch between the CPI dimensions highlights the need for a deeper understanding of
individuals’ climate change perception across countries, or more precisely, to identify the factors that
shape each of the dimensions: awareness, risk perception and commitment to action. This would allow for
a better understanding of the key differences between countries in terms of how climate change is perceived
and what factors influence it (Lee et al.,, 2015; van der Linden, 2014; van der Linder et al., 2015).
Furthermore, there is also a need for a better understanding of the causal links between awareness, risk
perception and commitment to action, and possible mediation effects and feedback shaping the
relationships.

Finally, it should be stressed that despite its wide geographical coverage, the climate change
perception assessment in this study is based exclusively on samples of Facebook users from
different countries. While the sampling and entry data treatment for each country is carried
out by authors of the original survey in a way that minimizes the possible biases (Leiserowitz
et al., 2022), it still needs to be borne in mind that some social groups (typically older people)
may be underrepresented, especially in countries where Facebook is a less common social
media type. Our results should therefore be interpreted while accounting for these special
features of the data.

Notes

1. This paper examines in detail, and further elaborates upon the (primarily) policy-oriented work unde -
taken by the nonprofit Social Progress Imperative, and with the support of the Meta corporatic
(Htitich et al., 2022).

2. Respondents were given also a short description of climate change before being asked whether they
believe climate change is happening. The complete survey question is as follows: “Climate change refers
to the idea that the world’s average temperature has been increasing over the past 150 years, will
increase more in the future, and that the world’s climate will change as a result. What do you think:
Do you think climate change is happening?.”

3. By doing this, we are able to establish, for each country in the survey, the exact percentage of respondents in each
response category of all survey questions.
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Abstract

Identifying the socio-economic factors of climate change concerns (worry) and
willingness to participate in climate actions (action) is crucial for understanding
how individuals with different social background and conditions respond to the
climate change issues. This study examines the socio-economic predictors of climate
change worry and action across 30 countries, using data from a comprehensive cross-
national survey conducted by Meta’s Data for Good team on Facebook. Employing
advanced methods such as latent variable modeling, random forest, and non-metric
dimensional scaling, we perform a thorough analysis to (i) estimate levels of climate
change worry and action, (ii) assess the influence of socio-economic attributes on
these levels, and (iii) explore potential differences based on countries' vulnerability
to climate change. The findings reveal significant disparities between countries in
terms of levels of climate change worry and action. Moreover, there are also
substantial differences in socio-economic predictors across countries with different
vulnerability to climate change. High-vulnerability countries exhibit a broader range
of influential predictors, indicating diverse socio-economic factors behind climate
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1 Introduction

Identifying the key socio-economic determinants of climate change perception is crucial for
promoting environmentally responsible behavior (Stern, 2000; Nisbet, 2009; van Valkengoed
& Steg, 2019). Understanding how climate change worry (Spence et al., 2011; Clayton &
Manning, 2018) and action (Steg and Vlek, 2009; Bamberg et al., 2015) are shaped across
different countries and social contexts is a necessary task which requires a proper
measurement. To directly measure these concepts, different aspects must be considered that
relate to how individuals perceive climate change risks and the extent to which they are willing
to engage in pro-environmental action and policies. Furthermore, the general perception of
climate change exhibit significant variability across nations (Lorenzoni et al., 2007; Lee et al.,
2015), necessitating a thorough exploration of the underlying patterns of the factors shaping
it. Particularly important is gaining insight into the differences in these factors across groups
of countries with similar levels of vulnerability to climate change effects on social and economic
conditions (Otto et al., 2020).

Such investigations can provide policymakers with a deeper understanding of country-specific
socio-economic factors, enabling the design of more tailored interventions and campaigns. By
recognizing and accounting for these variations, policymakers can effectively address the
unique challenges and opportunities present in different socio-economic contexts, ultimately
enhancing the efficacy of efforts to promote environmentally responsible behavior. More
specifically, exploring how individuals perceive the threats posed by climate change is crucial
for effective communication and policymaking. Various individual factors, including age,
gender, level of education, political ideology, and personal experience with extreme weather
events, play significant roles in shaping perceptions of climate change risk (Dessai et al., 2004;
Spence et al., 2011; van der Linden et al., 20N15).

For instance, research indicates that individuals with higher levels of education tend to possess
a better understanding of the scientific principles underlying climate change and are more
likely to perceive associated risks (Leiserowitz, 2005). Moreover, cultural values and beliefs
exert considerable influence on risk perception. Those with more individualistic values,
emphasizing personal achievement and independence, often perceive climate change as a lesser
threat. Conversely, individuals holding more communitarian values, prioritizing community
welfare and environmental concerns, are more inclined to perceive climate change as a
significant threat (Kahan et al., 2012).

Objective information and subjective beliefs are often conflated, leading to inconsistencies in
single-item assessments like "I know a lot about climate change" (Leiserowitz, 2006).
Therefore, in this study we focus primarily on the extent to which individuals are worried
about climate change causes rather than their self-reported knowledge about it. In addition,

we also measure and study the level of individual’s pro-environmental tendency that we refer
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to throughout the paper as “action”.

For each of these two aspects, we aim to construct a latent variable to better approximate
and measure countries’ level of “worry” and (willingness to) “action” regarding climate change.
We study the influence of different socio-economic predictors on each of these two aspects.
This allows us to reveal the dissimilarities between different country groups in terms of the
most important predictors of climate change worry and action. We use data from one of the
most extensive cross-national surveys of climate change perceptions on social media conducted
by Facebook in partnership with the Yale Program on Climate Change Communication

(International public opinion on climate change, 2021).

The final objective is therefore to exhaustively assess the conditional influence of several socio-
economic attributes on climate change worry and action. We test the hypothesis that the
influence of these socio-economic attributes changes according to the country’s level of
vulnerability to climate change as measured by the Climate Change Vulnerability Index (Chen
et al., 2024). This is crucial for a better understanding of the way socio-economic factors
influence climate change worry and action among active social media users across 30 countries.
For this purpose, the analysis was carried out separately for each country and for each of the

two variables.

The remainder of this paper is organized as follows: Section 2 reviews the relevant literature
and identifies its core limitations, which this study aims to address. Section 3 introduces the
data sources and provides a detailed outline of the empirical strategy, with a subsection
dedicated to each method used. In Section 4, we identify the most important socio-economic
factors influencing climate change worry and action across 30 countries, and we explore the
differences in these factors between countries with low and high climate change vulnerability.

Section 5 discusses the results and Section 6 concludes.

2 The role of socio-economic characteristics in shaping climate change

perceptions

Climate change perception research, as delineated by O’Connor et al. (1999) and Lorenzoni
et al. (2007), broadly encompasses three interrelated dimensions: awareness, risk perception,
and commitment to action. These dimensions encapsulate not only an individual's knowledge
about climate change but also their perceived personal threat and willingness to act. Lee et
al. (2015) highlight that awareness typically varies across countries, with developed nations
generally exhibiting higher levels of climate change knowledge than developing ones. Yet, a
persistent gap exists between awareness and actual concern or risk perception, influenced by
factors such as political ideologies and media consumption, which affect the internalization of

climate change information (Kahan et al., 2012).
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Risk perception has been a focal point of research due to its link with climate change
mitigation behaviors. Studies by Capstick et al. (2015) and Azadi et al. (2019) indicate that
those perceiving climate change as a significant threat are more likely to undertake pro-
environmental actions. However, this correlation is often moderated by an individual's sense
of self-efficacy, i.e., their belief in the effectiveness of their actions to mitigate climate impacts
(Bandura, 2006). Lacroix and Gifford (2018) also discuss how risk normalization, especially in
contexts of heightened awareness, may diminish perceived urgency for action, suggesting that
risk perception does not straightforwardly translate into climate action due to mediating

factors like socio-political contexts and personal values.

The commitment to climate action is influenced by social, psychological, and political factors,
as Stern (2000) and Grothmann et al. (2013) illustrate. Even in regions with high awareness,
such as Europe, there may not always be a strong commitment to climate action. In contrast,
nations in Latin America, which might report lower awareness scores, often exhibit higher
levels of risk perception and commitment to action. This disparity underscores the complex
interplay between cultural and socio-economic factors that can affect the relationship between
knowledge and behavior, necessitating nuanced climate communication strategies (Brulle et
al., 2012).

Socio-economic factors play a critical role in shaping perceptions of climate change. Age and
gender are significant, with younger people and women generally showing more concern due
to socialization processes that emphasize care and responsibility (McCright & Dunlap, 2011).
Education is also linked to greater awareness and concern, as it enhances critical thinking and
comprehension of complex environmental issues, although cognitive biases like confirmation
bias and motivated reasoning can affect how information is processed (Corner et al., 2015).
Research highlights gender and political ideology as key predictors, with women and
individuals holding liberal political views perceiving higher risks from climate change,
consistent with studies identifying these demographics as important in shaping environmental
concerns (Leiserowitz, 2006; Malka et al., 2009).

Economic conditions and personal financial situations are crucial too, as those in economically
vulnerable positions may prioritize immediate economic concerns over long-term
environmental issues (Whitmarsh, 2011). Experiences with climate-related events such as
extreme weather can further heighten concern and awareness, reinforcing the perceived reality
and urgency of the issue (Spence et al., 2011; Demski et al., 2017). This multifaceted
understanding of climate change perception highlights the need for a comprehensive approach
to analyzing the drivers of awareness, risk perception, and action propensity, encompassing
educational, experiential, psychological, and socio-cultural factors (Painter and Ashe, 2012;
Boykoff and Boykoff, 2004; Ballew et al., 2020; Nisbet, 2009).

The nature of climate change perception is therefore multifaceted and shaped not only by
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socio-economic factors but also by knowledge, social norms, and value orientations. While
knowledge about climate change causes and impacts correlates strongly with societal risk
perceptions, a notable gap remains between general awareness and personal concern, reflecting
the complexity of translating information into action (van der Linden, 2015). Social norms
and cultural values, particularly biospheric values, further influence individual perceptions,
demonstrating that collective attitudes and deeply held beliefs about the environment play
crucial roles in shaping climate change concern and behavior (Smith & Leiserowitz, 2012;
Stern, Dietz, & Kalof, 1993).

3 Materials and methods

The methodological approach of this paper consists of constructing the variables of interest,
namely worry and action (Section 2.2). These variables are constructed as latent variables, each
based on conceptually relevant survey questions that are also statistically validated, as will be
shown further in this section.

The second step involves building random forest models, which consist of a large number of
conditional inference trees for each country, using socio-demographic variables as predictors.
The importance of each socio-economic variable is assessed using conditional permutation,
providing a more accurate evaluation of their importance in predicting levels of climate change
worry and action (further explained in Section 2.3).

The final step focuses on identifying dissimilarities in the socio-economic factors shaping climate
change worry and action between countries with varying levels of vulnerability to climate
change. This step is crucial, as it helps determine whether the socio-economic factors influencing
individuals' climate change worry and action change depending on a country's level of
vulnerability to climate change.

3.1 Data

The data used in this study comes from a survey of 76,328 monthly active Facebook users
older than 18. The survey was conducted by the Meta’s Data for Good team on Facebook
between 17 February and 3 March 2021 in 31 countries and territories (International public
opinion on climate change, 2021). At the top of their Facebook News Feed, Facebook users
saw an invitation to complete a brief survey and could click on the invitation to complete the
survey on Facebook. The sample was drawn from the population of monthly active Facebook
users, defined as registered and logged-in users who had visited Facebook via the website or
a mobile device within the previous month. In each country or territory examined, a sample

proportional to age and gender criteria was specified.

The sample population in the United States was selected proportionally based on the March
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2018 Current Population Survey supplement conducted by the U.S. Census Bureau. All other
countries and territories were sampled proportionally based on the 2019 World Population
Projections data compiled by the United Nations Population Division. Data were weighted
separately for each country and territory using a multi-stage pre- and post-survey weighting
process based on baseline census and nationally representative survey data, Facebook
demographics, and Facebook engagement metrics, all balanced against the total survey
responses. Further details on the sampling procedure can be found in the data report made
by the International public opinion on climate change (2021). The authors of this paper were
able to access and analyze the survey data based on an agreement with the Data for Good

team of Meta.

The survey asked participants about their knowledge, attitudes, policy preferences, and
behaviors related to climate change and their socio-demographic characteristics such as age,
gender, education, income, and urbanity. The data includes five variables describing the socio-
demographic characteristics of the respondents and 15 questions related to different aspects

of climate change perception out of which eleven were used in the current analysis (see Table

1).

As for the five socio-demographic characteristics, age (18 to 60 and over), education, and
income are used as ordinal variables, gender (female or male) as a binary variable, and
urbanicity is used as a nominal variable. Unlike the other characteristics, education and
income are country-specific: education levels are based on a country’s grading system, while
income distribution reflects the income brackets of a country and is expressed in a local

currency.

In addition to the survey data, we use national level data on climate change vulnerability as
measured by the Climate Vulnerability Index (Chen et. al., 2024). The Climate Change
Vulnerability Index evaluates a country's susceptibility to climate-related disruptions across
several key sectors that are vital to human well-being. These sectors include food, water,
health, ecosystem services, human habitat, and infrastructure, and each sector is assessed or
three core aspects: exposure, sensitivity, and adaptive capacity. The index is measured on a
scale of 0-100 with higher values reflecting more vulnerable contexts. We use the index to
divide countries into two categories i.e., above the median score as “high-vulnerability”

countries and below the median score as “low-vulnerability” countries.
3.2 Measuring climate change worry and action

To estimate the general levels of climate change worry and action, we use confirmatory factor
analysis (CFA) to construct two latent variables ( Worry and Action variables). based on
observed variables provided in the survey data. These input variables were encoded as ordered
factors (see Table 1) and used to calculate the Worry and Action latent variables (see Figure
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2).

For instance, the survey question about the individual’s level of concern about climate change
has four response options which we order from “Not at all worried” (receiving the lowest score
of 1) to “Very worried” (receiving the highest score of 4). In the same way we treat all
remaining variables related to the concerns about climate change. They then serve as input
factors for the estimation of the Worry latent variable. Analogically, based on the ordered
survey response options of questions which are more related to actions against climate change,
we estimate the Action latent variable. Because of the way the response options are ordered
and coded, it holds that higher scores of the resulting latent variables mean higher Worry
(i.e., more concern about climate change and its consequences) and higher Action (i.e., higher

willingness to participate in actions against climate change and its implications). The cross-

country results for both latent variables are presented in section 4.1.

Table 1: Variables used in the analysis
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Variable name Survey question Survey response options & applied Variable = Analytical
coding (scor in parentheses nature Use
Beliefs about the Assuming climate Caused mostly by human activities
causes of climate change is happening, do | (4); Caused mostly by natural
change you think it is... changes in the environment (3);
Caused about equally by human ordinal
activities and natural changes (2);
None of the above because climate
change isn’t happening (1)
The level of How worried are you Very worried (4); Somewhat worried
concern about about climate change? (3); Not very worried (2); Not at all ordinal Used as
climate change worried (1) factors to
Will climate How much do you think = A great deal (4); A moderate construct
change harm climate change will harm = amount (3); Only a little (2); Not at dinal the latent
ordina
current current generations of all (1) variable of
generations? people? Worry
Will climate How much do you think = A great deal (4); A moderate
change harm climate change will harm amount (3); Only a little (2); Not at dinal
ordina
future generations? | future generations of all (1)
people?
How important is How important is the Extremely important (5); Very
the issue of climate | issue of climate change important (4); Somewhat important dinal
ordina
change to you to you personally? (3); Not too important (2); Not at
personally? all important (1)
Beliefs about Overall, do you think Improve economic growth and
economic impacts that taking action to provide new jobs (3); Have no effect
. . . . Used as
of pro- reduce climate change on economic growth or jobs (2); ordinal
. . . factors to
environmental will: Reduce economic growth and cost
- . construct
policies jobs (1)
. . the latent
Preferences about Do you think that in the Much more (5); Somewhat more (4); iable of
variable o
the use of future the country where Same amount as today (3); . .
. . ordinal Action
renewable energies | you live should use Somewhat less (2); Much less (1)
more, less, or about the




Whether the
government should
be doing more or

same amount of
renewable energy?
Do you think the
government of the

country where you live

Much more (5); Somewhat more (4);
Same amount as today (3);
Somewhat less (2); Much less (1)

. i ordinal
less about climate should be doing more or
change less to address climate
change?
Support for the In 2015, the country Strongly support (4); Somewhat
Paris agreement where you live signed support (3); Somewhat oppose (2);
the Paris Agreement. Do = Strongly oppose (1) .
ordinal
you strongly support or
oppose the country’s
participation?
Climate change as | Do you think climate Very high (4); High (3); Medium
a priority for the change should be a (2); Low (1) .
o ordinal
government? priority for the
government?
Willingness to How willing or unwilling I am participating now (5); I
participate in pro- are you to join a group definitely would (4); I probably
environmental working to convince would (3); I probably would not (2); ordinal
campaigns leaders to take action on | 1 definitely would not (1)
climate change?
Gender What is your gender? Male; Female; Other/Prefer not to .
nominal
answer
Urbanicity Which phrase best City; Suburb/Outskirts of a city;
describes the area where = Town; Village or countryside nominal
you live? Used as
Age Age 18-29; 30-44; 45-59; 60+ ordinal | independent
Education What is your level of Country-specific education levels ordinal, = variables to
education? specific explain the
Income What is your income? Up to [country-specific median; ordinal, levels of
More than [country-specific median] specific Worry and
Income below If income is below Up to [country-specific first . Action
median median, what is your quartile]; From [country-specific first Ordlr'la‘bh across
income? quartile] to [country-specific median| specific countries
Income above If income is above From [country-specific median] to
median median, what is your [country-specific third quartilel; ordinal,
income? More than [country-specific third specific

quartile]

To check internal consistency of the scales used in our calculations, Cronbach's alpha was

computed using the “alpha’ function from the “psych® R package. This assessment was

conducted as a preliminary check and separately for the variables used to construct the Worry
latent variable (o = 0.89) and the Action latent variable (o = 0.82). The CFA was then
conducted using the “factanal® R function with a varimax rotation to identify underlying

factors in the data. The proposed model aimed not only to construct and extract the values

of the latent variables, but also to understand the relationship between the Worry and Action

variables. The model was fitted using the “cfa” function from the “lavaan™ R package, with
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standardized latent variables and sampling weights applied.

Figure 1 visually represents the relationships between the latent variables, including the
observed indicators based on which they were constructed. The standardized loadings and
thickness of the arrows indicate the strength of the relationship between each indicator and
its corresponding latent variable. The latent variable Worry has significant loadings on all
indicators, with standardized factor loadings ranging from 0.540 (“beliefs about the causes of
climate change”) to 0.98 (“will climate change harm current generations?”). Similarly, the
latent variable Action also has significant loadings on all its indicators, with standardized
loadings ranging from 0.37 (“beliefs about economic impact of pro-environmental policies”) to
0.90 (“whether the government is doing more or less than it should about climate change”).
As for the covariance between worry and action, the estimate is 0.89, which is statistically
significant.

Willingness to participate
in pro-environmental
campaigns

Preference about
the use of renewable
energies

Beliefs about ecanomic
Impacts of pro-environmental
policies

Support for Paris Agreement

Ciimate change as a
priority for the government

080 0E 063 037 074 088

Wether the qavernment
should be doing more or less
about climate change

How important is the issue
of climate change?

Will ciimate change
harm future generations?

Ay

Will climate change
hiarm current generations?

05 076 0% 0% 0@

Tha level of concemn
about climate change?

Belisfs about the
causes of climate change

Figure 1: Path diagram of confirmatory factor analysis. The model estimates the loadings
of different observed variables to their respective latent variable ( Worry and Action). The
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labels in the rectangles indicate the observed variables which were created on the basis of the
survey questions (see Table 1).

Overall, the results of the CFA technique, which was used to calculate the latent variables,
and which examines the relationship between Worry and Action, demonstrate a robust model
with a good fit. The technique was performed using the maximum likelihood (ML) estimation,
optimized with the nonlinear minimization using bounds (NLMINB) method. The calculation
is based on a large sample size of 76,328 respondents covering 30 countries with sampling
weights applied (the sampling weights are provided in the survey data by the creators of the
dataset, see International public opinion on climate change, 2021).

The CFA model summary is provided in Table 2. It shows that both the chi-square test for
the user model and the scaled test have a significant p-value of 0.000, indicating a discrepancy
between the model and the data. However, this result is common in large samples and should
be considered alongside other fit indices. The comparative fit index (CFI) for the model is
0.953 (robust CFI is also 0.953), and the Tucker-Lewis Index is 0.939 (robust TLI is 0.940).
Both indices are above the commonly accepted threshold of 0.90, indicating a good fit of the
model to the data. The root mean square error (RMSEA) approximation is 0.079 with the
90% confidence interval ranging from 0.078 to 0.080. The scaled RMSEA is 0.049 with a
confidence interval from 0.048 to 0.049. The p-value for the hypothesis that RMSEA < 0.050
is 0.999, indicating that the model fit is close to good. The robust RMSEA values further
support this conclusion.

Table 2: CFA model summary

Fit Index Value Robust Threshold | Interpretation
Value

Chi-Square Test Statistic 17 142.464 6 593.135 - Significant p-
value

Degrees of Freedom 43 43 - -

P-value (Chi-square) 0.000 0.000 - -

Comparative Fit Index (CFI) 0.953 0.953 > 0.90 Good Fit

Tucker-Lewis Index (TLI) 0.939 0.940 > 0.90 Good Fit

RMSEA 0.079 0.049 < 0.08 Acceptable
Fit

90% CI for RMSEA 0.078-0.080 0.048-0.049 - -

P-value Hy: RMSEA <= 0.050 0.000 0.999 - -

P-value Hy: RMSEA >= 0.080 0.032 0.000 - -

3.3 Identifying the socio-economic factors of climate change worry and action

Non-parametric recursive partitioning methods were employed in this study to identify the
most important socio-economic predictor variables of the constructed Worry and Action latent
variable. The data was processed with unbiased recursive partitioning via classification

conditional inference trees and associated random forests (RF). Random forests are collections
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of classification or regression trees that split the feature space recursively into sections with
comparable response values. They can handle enormous numbers of predictor variables, even
when complicated interactions are present, and have been used in various scientific domains

(Strobl et al., 2009).

We constructed random forest models to assess the significance of various socio-economic
traits of respondents. Random forest models were fitted separately for each country and
response variable. Our strategy comprises fitting the RF models based on 1000 conditional

inference trees to increase their predictive accuracy (Lee et al., 2015).

To estimate a regression connection, conditional inference trees use a binary recursive
partitioning strategy within a conditional inference framework. The algorithm generally works
as follows: First, it examines the global null hypothesis to see if any of the input factors and
the result are independent. The algorithm stops if the null hypothesis cannot be rejected.
Otherwise, based on a p-value corresponding to a test for the partial null hypothesis of a single
input variable and the response, it chooses the input variable with the strongest association
with the response. Second, it performs a binary split on the chosen input variable. Finally,
the technique recursively repeats stages one and two to produce a tree that is utilized to
estimate the regression connection (Hothorn et al., 2006). During this process, some samples
are not used in training particular trees; these are known as out-of-bag (OOB) samples and

are used to estimate prediction errors.

The next step involves calculating the standard variable importance. For each predictor
variable, the model first computes the baseline OOB error using all predictors. Then, the
values of each predictor variable are randomly shuffled (permuted) in the OOB samples,
breaking any relationship between the variable and the outcome. The OOB error is measured
again using this permuted data. The importance of a variable is typically determined by the

difference between the baseline error and the permuted error, averaged over all trees.

Conditional variable importance adjusts this process to account for correlations among
variables. Instead of permuting each variable across the entire dataset, the permutation is
done conditionally within subsets of the data. These subsets are defined based on the values
of other correlated variables, ensuring that the structure of the data is respected during
permutation. This approach measures the change in prediction error attributable to a variable

while preserving the information of correlated variables.

Within each subset, the values of the variable of interest are permuted and the OOB error is
computed. This conditional permutation process preserves the relationships among correlated
variables, providing a more accurate measure of the variable's importance. The importance
score for each variable is the average increase in OOB error due to permuting the variable

within its subsets, aggregated over all trees in the forest.
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Finally, the results are interpreted by examining the importance scores. Variables with higher
conditional importance scores are deemed more important for the model’s predictions,
indicating a stronger influence on the outcome. This method offers a nuanced understanding
of variables importance, particularly in datasets where predictor variables are highly
correlated. Results of this analysis for the most important predictor of the Worry and Action

latent variables across countries with available data are presented in section 4.2.

3.4 Mapping the global pattern of predictors of climate change worry and action

To compare the influence of the socio-economic drivers of climate change worry and action
across countries based on their climate change vulnerability, we use non-metric
multidimensional scaling (NMDS). This technique enables us to assess the dissimilarity (or
similarity) of countries (in terms of the main predictors of Worry and Action) inside a common
multi-predictor space. NMDS is based on a distance matrix generated with the Bray-Curtis
distance measure. For a pair of countries, the Bray-Curtis dissimilarity measure is calculated
as follows:

2a;;
Dj=1- rfcj
Where a;; denotes the total number of influential predictors shared by both nations 7 and j
b; indicates the number of influential predictors found solely for country 7, and ¢; reflects the
number of influential predictors found for country j. The influence of the predictor is based
on the variable importance values derived using random forest models and is expressed on a
scale of 0-100, with 0 indicating the least influence (importance) of the predictor and 100
indicating the most. The Bray-Curtis dissimilarity measure ranges between 0 and 1, with 0
indicating that the two countries are equally influenced by the same set of predictors and one
indicating that the two countries have completely different sets of influential predictors (Faith
et al., 1987).

The NMDS technique allows for the nonlinear mapping of observed (dis)similarities of
“communities” into a two-dimensional ordination space while also accommodating predictor
responses of any shape. The goodness of fit, also known as stress, assesses the nonlinear
monotonic connection between distances in the ordination space and global dissimilarities.
The closer two nations are in the ordination space, the more significant predictors they share
and the more similar they are (Kruskal, 1964). We applied the distance matrices and NMDS
to our two response variables Worry and Action to investigate whether the socio-economic
predictor patterns differed considerably between two groups of countries based on their
climate change vulnerability (i.e., whether they were above or below the median score of the

Climate change vulnerability index).
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4 Results

In this section, we first show the geographical distribution of the scores obtained for the two
latent variables Worry and Action, which we construct using the survey questions as our input
variables data. We then identify the most influential (important) socio-economic factors in
shaping each of these two variables across the 30 countries for which we have data. Lastly, we
compare whether these factors and their influences are similar for countries with lower (below-
median) and higher (above-median) climate change vulnerability.

4.1 Climate change worry and action across countries

The levels of climate change worry and action, as shown by the scores of the two latent variables
we estimated, vary significantly across countries. Figure 2 illustrates the extent of these
variations and shows a similar pattern for both Worry and Action. Regions such as North
America, Australia, and parts of Europe and Asia exhibit low levels of Worry and Action. In
contrast, parts of South America, Africa, and Asia show higher levels of both variables. Notably,
countries like Brazil, Mexico and Costa Rica stand out with higher scores.

Average Score (0-4)
3.50
325
3.00

Action

275
250

224



Figure 2: Average scores of climate change worry and action across 30 countries. The scores are
obtained from confirmatory factor analysis (CFA) for the latent variables model (see the methodology
section). Scores theoretically range between 0 and 4, and higher scores mean higher levels of climate

change concerns and willingness to participate in climate change actions.

North America, that includes only the United States and Canada, and some European countries
such as Czechia, Russia or the Netherlands, are characterized by lower scores of the Worry
variable, indicating that residents in these regions have lower levels of climate change concern.
In South America, Mexico, Colombia and Costa Rica have one of the highest levels of Worry
globally. The few African and Middle Eastern countries display a mix of low and moderate
scores, highlighting considerable variability in climate change concern within the regions.

As for the levels of climate change action, the distribution of scores of the Action variable
mirrors to a great extent that of the Worry, with North America, Europe, and Australia
consistently showing lower levels of climate change action. However, there are subtle differences
in scores range, suggesting slightly higher levels of Action compared to Worry. South American
countries maintain their higher levels of climate change action compared to other countries.
African and Middle Eastern countries score differences suggest different levels of climate change
action compared to their levels of Worry.

4.2 Most important socio-economic factors in shaping Worry and Action

Using the Random Forest models, and conditional permutation to assess variable importance,
we calculate the importance of all five socio-economic factors (that are available for our analysis,
based on the survey questions) for each of the two latent variables and across all countries with
existing data. In Figure 3 we show the most important factor for each country.

For the Worry variable, gender emerges as the most frequently identified factor, being the key
determinant in 16 countries (Spain, Canada, India, Poland, Malaysia, United States, Australia,
Germany, France, Mexico, Indonesia, Brazil, Czech Republic, Russia, Italy and Ireland). This
is followed by education, which is the leading factor in eight countries (Saudi Arabia Costa
Rica United Kingdom Nigeria Netherlands Egypt Philippines South Africa). Age is the primary
factor in 4 countries (Japan, Colombia, Argentina, and Turkey) while income is the top factor

in Taiwan and Thailand.

Similarly, for the Action variable, gender remains the dominant factor in 15 countries which
include Spain, Canada, India, Poland, Malaysia, United States, Australia Germany, France,
Mexico, Brazil, Czech, Republic, Russia, Italy, Ireland. Age and education are equally
influential for Action, each being the most important factor in 6 countries. Age leads in Japan,
Colombia, Argentina, Turkey, Taiwan and Egypt, while education is most significant in Costa
Rica, United Kingdom, Nigeria, Netherlands, Philippines and South Africa. /ncome appears
slightly more often as a key factor in Action (3 countries) compared to Worry, being the most
important in Saudi Arabia, Thailand, and Indonesia.
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Figure 3: Most important socio-economic factors in predicting climate change Worry and Action
across countries. The socio-economic factors’ importance was measured using conditional permutation

of random forest models predictors. Only the most important socio-economic factor is shown for each
country.

The comparison between Worry and Action reveals that while gender consistently plays the
most significant role in both, education has a slightly stronger influence on Worry, whereas age
influences both Worry and Action similarly. This pattern suggests that while educational
background may be more critical in shaping concerns about climate change, age influences both
concerns and the willingness to act in a roughly equal manner. Overall, the results indicate
that socio-economic factors like gender, education, age and income may be considered robust
predictors of climate-related attitudes and behaviors. The conditional assessment used in this
analysis highlights the unique contributions of these factors in different contexts (countries),
emphasizing the need for tailored policies that consider both the socio-economic conditions and
the specific behaviors they are intended to influence.

4.3 Dissimilarities in the socio-economic factors

By pinpointing the cross-country differences in the most important factors affecting climate
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change Worry and Action, we can identify clusters of countries that share similar influential
socio-economic factors. While the previous section showed only the most important factor for
individual countries, this analysis takes into account all factors under review, thereby allowing
us to uncover the most fundamental elements shaping climate change concerns and willingness

to act across countries.

More specifically, we compare the influence of the studied socio-economic factors on the Worry
and Action latent variables for two groups of countries, based on their levels of vulnerability
to climate change. For this purpose, we divide countries into “high climate change
vulnerability” and “low climate change vulnerability” countries, based on their position in the
Climate Change Vulnerability Index scores distribution (i.e., above or below the median score
in 2022). Then we investigate whether the different levels of climate change vulnerability
translate into a (dis)similar importance of socio-economic factors of the Worry and Action
variables. The main idea is to find out whether countries that share similar levels of climate
change vulnerability, share also similar factors of climate change concerns, and willingness to
participate in pro-environmental actions.

High climate change wanarablity Low climate change vulnesability

Worry Action

NMDS2
@
(]
]

NMDST

Figure 4: Ordination of most important socio-economic predictors of climate change Worry (left
panel) and Action (right panel) using non-metric dimensional scaling . The two-dimensional stress
measure for both Worry and Action is approximately equal to 0.11 showing a good two-dimensional
representation of the pattern-proximitities (values lower than 0.20 are generally considered good). The
distance of each predictor to a country’s name indicates its importance for that country (i.e., the nearer,

the more important).

Methodologically, we use the non-metric multidimensional scaling (NDMS) approach
(Kruskal, 1964) to represent the relationship between countries and predictor groupings
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visually. The NMDS measures the dissimilarities between countries in a common multi-
predictor space using the Bray-Curtis distance matrix, and maps them nonlinearly on a two-
dimensional space (see methodology section of Lee et al., 2015). In such a space, the distance
between countries serves as an indicator of whether countries share the same set of key socio-
economic predictors.

The NMDS analysis plot (Figure 4) provides a visual representation of countries’ key predictors of
climate change worry and action. The NMDS plot is divided into two panels: one depicting the socio-
economic factors influencing climate change worry (left panel), and the other depicting factors
influencing climate change action (right panel). Countries are color-coded based on their climate change
vulnerability levels, with green indicating high vulnerability and red indicating low vulnerability. The
average coordinates for the low- and high-vulnerability countries are represented by the green and red

centroids (dots) to better illustrate the distance between the two groups of counties.

In the left panel, we observe that high-vulnerability countries like Japan, Argentina, Turkey, and
Mexico are positioned towards the outer edges, indicating that these countries have significant
predictors influencing their worry about climate change. Age appears to be a significant factor for
Japan and Argentina, while urbanicity is crucial for Turkey and Mexico. Countries like Colombia,
Philippines, South Africa, Nigeria and Costa Rica are also positioned further out, indicating the

importance of education in influencing climate change worry in these nations.

In contrast, European low-vulnerability countries such as the United Kingdom or Spain are further
away from most predictors, suggesting a more moderate influence of the studied socio-economic
predictors on climate change worry. The rest of low climate change vulnerability countries are clustered
closer to gender as a predictor, and therefore show less dispersion in their predictors compared to high-

vulnerability countries.

The right panel shows the factors influencing climate change action. Here, high-vulnerability countries
like Japan, Argentina, Turkey, and Mexico are again positioned towards the outer edges, reinforcing
the significant role of age and urbanicity in these regions. The plot also highlights that Action in

countries such as Costa Rica, the Philippines, and South Africa is mainly shaped by education.

Countries that are less vulnerable to climate change show a clustering around gender as a predictor.
This overall clustering tendency of low-vulnerability countries suggests a more uniform approach to
climate change worry and action within these nations. In contrast, high-vulnerability countries display
a wider range of influential predictors, indicating a more diverse set of factors driving climate change

worry and action.

5 Discussion

The intersection between climate change vulnerability and perception highlights the growing
recognition of environmental challenges caused by human activities, which have profound consequences
on global ecosystems. The human-induced shifts in climate are leading to significant disruptions,
necessitating urgent transformations in societal organization to mitigate the effects (Steffen et al., 2007).

In many regions, the impacts of climate change have already manifested, especially in the availability
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of water resources and the increasing frequency of extreme weather events (CEPAL, 2015). These
disruptions are expected to result in substantial economic costs for affected populations and sectors,
including agriculture, thereby affecting food security and livelihoods (FAO, 2017). Furthermore, these
environmental risks are closely tied to social vulnerabilities such as poverty, inequality, and
discrimination, which amplify the regions' susceptibility to climate change (CEPAL, 2017; Anderser et
al., 2014).

Public perception of climate change plays a crucial role in shaping societal responses and adaptive
capacities. Studies suggest that how people perceive climate risks significantly affects their willingness
to engage in adaptation and mitigation strategies (Cannon & Miiller-Mahn, 2010; Owusu et al., 2019).
However, there is a persistent gap between scientific evidence on climate change and public awareness
or concern, with skepticism, apathy, or denial continuing to undermine action in many regions (Engels
et al., 2013; Nisbet et al., 2015). More comprehensive public perception studies are still limited, and
those available tend to focus on specific high-risk groups, such as indigenous communities and farmers,
leaving broader, cross-country comparative studies largely unexplored (Forero et al., 2014; Sapiains &
Ugarte, 2017).

Our study fills this gap by offering an accurate cross-country overview of the patterns of socio-economic
predictors of climate change worry and action. The findings underscore the significant dissimilarities in
socio-economic predictors of climate change worry and action across countries, emphasizing the
necessity of understanding these differences for effective climate policy design. Utilizing the latent
variable approach to measure Worry and Action provided a nuanced analysis, revealing that
demographic predictors such as gender, education, age and income play important roles in shaping

climate change worry and action across countries.

Age emerged as the most significant predictor of the Worry and Action variables for countries that are
highly vulnerable to climate change. This suggests that in these countries, younger individuals exhibit
higher levels of concern and are more likely to engage in climate action compared to older age groups.
This finding aligns with previous studies suggesting that younger generations are more aware and
proactive regarding climate change due to their exposure to climate education and media coverage

during formative years (Leiserowitz et al., 2020).

Education was also another important factor influencing climate change worry and action in highly
vulnerable countries. Higher education allows for a better awareness of the climate change issue, better
perception of the risks associated with climate change, and support for pro-environmental policies.
Educational initiatives can therefore significantly improve public action and concern about climate
change (Lee et al., 2015). However, the relationship between education and climate perception is also
moderated by political ideology, particularly in polarized environments, where higher education may
reinforce pre-existing beliefs rather than promote new understanding (McCright and Dunlap, 2011).

In addition to age and education, urbanicity seems to play an important role in shaping climate change
worry and action in more vulnerable contexts. Urban residents show generally higher levels of
engagement in pro-environmental behaviors compared to their rural counterparts. This trend can be
attributed to greater exposure to pro-environmental campaigns and environmental initiatives in urban
areas, as well as higher levels of social pressure to adopt environmentally responsible behaviors
(Whitmarsh, 2011). The infrastructure and resources available in urban settings also facilitate

participation in climate action, such as access to public transportation and recycling programs.
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Economic conditions, as proxied by income, surprisingly seem to have a weak influence on climate
change worry and action in countries that are highly vulnerable to climate change, but they seem to
play at least some role in less vulnerable contexts. It could be that individuals in economically difficult
situations may prioritize immediate economic needs over long-term environmental concerns, leading to
lower levels of Worry and Action. Conversely, residents of wealthier countries or those with higher
personal income levels tend to show greater climate awareness and concerns, and are more supportive
of climate policies (Pugliese and Ray, 2009). This may suggest that better living standards enable

individuals to focus more on broader issues such as climate change.

Our findings complement previous one in many ways. For instance, studies focused on gender have
shown that women are more likely to be aware of climate change risks than men, particularly in rural
settings, where environmental changes directly affect livelihoods (Akompab et al., 2013; Smith, 2018).
However, other studies suggest that urban women may be less aware of climate change risks compared
to their rural counterparts (Botzen et al., 2009). Similarly, while age also plays a role in climate change
perceptions, with younger people generally being more attuned to climate risks, older populations
sometimes exhibit heightened concerns for long-term environmental changes (Roco et al., 2015).
Education and income levels further complicate this picture, as some studies link higher education with
increased climate awareness, while others show no significant relationship (Hamilton & Keim, 2009).

In this paper, we highlight the distinct patterns in how socio-economic predictors influence individuals’
concerns about climate change, and their willingness to participate in climate change actions, depending
on countries’ climate change vulnerability level. High-vulnerability countries, which often face
immediate and severe climate impacts, exhibit a broader range of influential predictors, indicating more
diverse socio-economic drivers behind climate change concerns and actions. In contrast, low-
vulnerability countries display more uniform socio-economic influences, suggesting that a consistent
approach to promoting pro-environmental behavior may be more effective in these countries. More
generally, however, this divergence between low- and high-vulnerability countries underscores the need
for tailored climate policies that account for specific national contexts and varying levels of exposure
to the social and economic impacts of climate change.

6 Conclusion

This study provides valuable cross-country insights into the socio-economic factors influencing
individuals’ concerns about climate change, and their willingness to participate in climate change
actions. The paper compares the roles of age, gender, education, urbanicity, and income in shaping
climate change concerns and actions in countries with different levels of vulnerability to climate change.
The main finding of our paper is that the socio-economic factors that influence climate change worry

and action are more diverse in countries that are highly vulnerable to climate change.

Understanding the distinct influences of socio-economic factors across countries with different levels of
climate change vulnerability is essential for crafting tailored policies to promote environmentally
sustainable behaviors. High-vulnerability countries require a context-specific approach that reflects the
diversity of the relevant predictors in these countries, while low-vulnerability nations could benefit from

more uniform strategies.

It also needs to be stressed that the analyzed perceptions (climate change worry and actions) are not
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sufficient on their own to promote effective adaptation and mitigation to climate change. While both
are necessary to initiate positive climate change outcomes, they are often mediated by broader political,
economic, and institutional contexts (Gifford et al., 2011). In more vulnerable contexts, where income
inequality, political instability, and weak governance structures may also be prevalent, addressing
climate change effects requires a multifaceted approach that integrates public education, robust policy
frameworks, and institutional resilience. Studies of climate change perceptions must therefore account
for these contextual factors to better inform climate adaptation strategies in individual countries
(Azbcar, 2018).

Despite our comprehensive approach, the study has some limitations. The reliance on self-reported data
from Facebook users may introduce biases related to social desirability and representativeness (for
instance in terms of age or social categories across all countries in the dataset). Future research should
incorporate longitudinal and more representative data to examine changes in climate perceptions over
time and explore the impact of other factors, such as the emerging climate-induced migration and

technological advancements on public attitudes.
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1 Introduction

Sustainable development is a multidimensional challenge that

demands an integrated understanding of social progress and
environmental constraints. It requires balancing the fulfillment of
human needs and social goals with the safeguarding of
environmental integrity for future generations. Without a holistic
approach, efforts to improve human well-being can lead to
unsustainable resource use, undermining long-term sustainability

and intergenerational equity.

Research in sustainability therefore must ask how societies can
achieve social progress within ecological limits, ensuring that gains
in well-being do not come at the expense of the environment or
future generations. This thesis embraces such a holistic framework,
examining the intersections between human development,
environmental sustainability, and public engagement. This binding
research brings together three core themes that are often treated
separately: (i) developing better measures of broad human well-
being (beyond purely economic metrics), (ii) evaluating the
environmental efficiency of achieving that well-being, and (iii)
understanding public perceptions of climate change as a factor that

can enable or impede sustainability efforts.

The overarching goal is to advance methods for

sing
sustainability that maintain a balance between environmental and

social dimensions of development. Although each theme addre

s
distinct questions, they share a common focus on sustainability

assessment and  policy relevance. By  exploring  their

interconnections, the research reinforces that sustainability must
be evaluated holistically to capture its multifaceted nature.
Together, the three research themes contribute to a more

comprehensive understanding of sustainability — integrating what




we strive for (broad human well-being), how we achieve it (with
maximal environmental efficiency, ie. the least possible
environmental impacts), and why it ultimately succeeds or fails

(public perception and support for change).

This integrated perspective aligns with the Brundtland
Commission’s  vision of meeting present needs without
compromising future generations, highlighting that environmental
health and human prosperity must advance hand-in-hand (WCED
1987). Public perception plays a pivotal role: even the most well-
designed policies or technologies will falter without public support
and engagement (Weber 2010; Lee et al. 2015). In the following
chapters, each of the three themes is examined in turn, before
drawing together conclusions and implications for sustainable

development.

2 Composite Well-Being Measurement

Composite well-being measurement addresses the complexities of
evaluating societal progress beyond GDP. Economic growth alone
does not guarantee broader improvements in quality of life,
especially when social inequalities persist. Thus, composite
indicators have gained prominence as more comprehensive tools for
assessing development, integrating multiple dimensions of well-
being (health, education, equity, environment, etc.) into a single
framework. This thesis builds on the “beyond GDP” movement
(Stiglitz et al. 200!

being metric

Fleurbacy 2000) by refining composite well-

particularly through the Social Progress Index (SPT)

as a key measure of social performance independent of income.




Methodological innovations are explored to improve these indices:

for example, introducing time-varying weighting schemes that

adjust to evolving societal priorities, and using non-compensatory
aggregation techniques so that poor outcomes in one dimension
(say, health) cannot be completely masked by excellent outcomes

in another (education or income).

These refinements help ensure that composite indicators remain
robust and relevant over time, addressing common critiques of
arbitrariness in weighting and aggregation. Overall, the aim is to
provide policymakers with more nuanced and adaptable measures

of broad human well-being,.

The thesis’s contributions to well-being measurement are
anchored in several studies that apply and extend composite

indices across countries and over time:

Social Progress Index 1990-2020: Measuring Societal Wellbeing
Over 31 years — This study provides a longitudinal analysis of
social progress for 172+ countries from 1990 to 2020 using the SPI
framework. It highlights global trends in well-being, showing that
while most countries have improved social outcomes (e.g. in basic
education, health, sanitation), the rate of progress has slowed in
recent years. Some nations that started at low levels of
development achieved remarkable gains, whereas others stagnated
or even experienced reversals in certain dimensions. An important
insight is that measuring social outcomes independently of
economic output reveals dynamics that GDP growth alone would

overlook for instance, cases where income grew but social

indicators did not.
Methodologically, this paper demonstrates how the SPI can be
adapted over three decades, requiring adjustments in indicators

and weights to maintain comparability over time. The results




expose regional disparities and sustainability challenges (such as
plateauing of improvement in high-income countries) and illustrate
the value of a consistent multi-dimensional index for tracking social
progress. Notably, the research underscores that GDP-based
assessments often omit crucial aspects of human development, and
that long-term trends in well-being can diverge significantly from

economic growth patterns.

Inequalities  Beyond  Income: A Worldwide  Longitudinal
Perspective through the Lens of the SPI — This study expands on
the SPI approach to examine non-economic inequalities in well-
being. Even among wealthy nations, it finds persistent disparities
in outcomes like education quality, healthcare access, personal

rights, and inclusiveness.

Using a panel of data for 172 countries over 19902020, the analysis
shows that while certain basic aspects of well-being (such as
nutrition, basic education, and access to electricity and clean
water) have improved globally — narrowing gaps between countries
— other facets (such as personal freedoms, inclusion of marginalized
groups, and gender equity) have stagnated or even worsened in
some regions. Notably, high-income countries are not immune to
social shortfalls: many affluent nations continue to struggle with

issues of inequality and social justice despite their economic wealth.

The study’s findings challenge the notion that economic growth
automatically translates into social progress or reduced inequality.
It provides empirical evidence that composite well-being indicators
must incorporate distributional aspects not just national

averag to truly reflect whether development is inclusive. By

revealing where progress has been uneven, this work stresses the
need for policies that specifically target the social dimensions
lagging behind, even as overall national performance might look

strong.

=




The Evolving Importance of Social and Governance Measures Over

Time — This paper addresses how the relative importance of
different well-being dimensions may change as global conditions
evolve. It introduces dynamic weighting methodologies that allow
composite indices to adjust the weights of their components over
time in response to shifting development priorities or emerging

issues.

Using entropy-based and Bayesian techniques, the study analyzes
how social and governance indicators’ influence has changed in
recent decades. One key finding is that governance-related
measures — such as state capacity and democratic accountability —
have grown more influential in assessing overall social progress in
the 21st century. This suggests that factors like good governance
and strong institutions are increasingly recognized as vital to

sustained improvements in well-being.

The paper also illustrates the methodological challenges in
determining weights: different weighting approaches can lead to
different interpretations of which countries are “doing well” By
comparing static versus time-varying weighting schemes, the study
shows that allowing indicator weights to adapt can provide a more
responsive and context-sensitive picture of progress. This work
highlights how composite indices can be pioneered to capture
changing realities, for example by elevating the importance of
newly salient issues (like governance or environmental quality) as

societies develop.

Together, these three studies provide a comprehensive empirical
foundation for understanding and improving composite well-being

measurement. They reinforce the argument that social progress

sannot be adequately captured by static, one-dimensional metrics.

Instead, adaptive and multidimensional indicators are needed to

reflect evolving societal values and priorities. In particular, the




findings demonstrate that broad human well-being must be tracked
with tools that are sensitive to change over time and across
dimensions. This ensures that critical aspects (such as equality,
freedom, or governance) are not overlooked in favor of simpler

averages.

By developing long-term, adaptable composite indices, the the:

contributes to more robust measurement frameworks for well-
being. This advances the beyond-GDP agenda by showing
concretely how to measure what truly matters for people, in a way
that keeps pace with social change. Indeed, the research echoes the
call by Stiglitz et al. (2009) to move “beyond GDP” and provides
methods to do so. Ultimately, a key message from this theme is
that human well-being is multidimensional and dynamic — and our

metrics must be as well.
3 Environmental Efficiency of Well-Being

Achieving sustainability requires not only improving human well-
being but doing so with minimal environmental cost. The second
core theme of this thesis examines the environmental efficiency of
social progress — essentially, how well countries balance
improvements in well-being with the preservation of environmental

resources.

Environmental efficiency, often described as the inverse of
environmental impact per unit of well-being (Dietz et al. 2009;
Knight and Rosa 2011), embodies the ideal of “doing more with

less™ in development. It asks: to what extent can a society increase

health, education, and prosperity for its people while using fewer

crucial

and emitting less pollution? This perspective is

resource

in the context of climate change and ecological limits. If well-being




improvements continue to be coupled with high emissions and

resource depletion, they will be short-lived.

Therefore, measuring and comparing environmental efficiency
helps identify paths toward a just transition — where broad human
development is achieved in an equitable way without exceeding
planetary boundaries. In this thesis, novel composite metrics were
developed to assess environmental efficiency at the country level.
Two key frameworks introduced are the Just Transition Score
(JTS) and the Carbon Efficiency of Social Progress (CESP). These
metrics integrate the SPI with environmental indicators (like
carbon emissions or material footprint per capita) to produce a

ratio of social progress to environmental impact.

By taking a ratio form, they effectively show how much social
outcome is gained per unit of environmental pressure. Such
measures allow direct cross-country comparisons of sustainability
performance: they highlight which countries manage to attain high
well-being with low impacts (leading in sustainability), and which
countries incur heavy environmental costs for their level of social
progress. By explicitly factoring in ecological efficiency, this
approach provides policymakers with a more nuanced picture of
development success. It also sheds light on structural differences:
for instance, how governance models or economic structures might

affect a country’s ability to decouple well-being from resource use.

In short, these tools make it possible to quantify and track the

degree of decoupling of social progress from environmental

degradation. The thesis applies these frameworks in comparative
studies to uncover patterns and drivers of environmental efficiency

across nations:

Just Transition Score: Measuring the Relative Sustainability of

Social Progress — This study introduces the Just Transition Score




(JTS) as a new metric evaluating how well countries convert
natural resources and emissions into societal well-being. The JTS
is calculated as a ratio of a country’s social progress (using the
SPI) to its environmental impact (combining per capita carbon

emis is of 161 countries for

sions and material footprint). An anal

the period 2011-2019 reveals striking disparities in performance.
Some countries — for example, Portugal, Spain, and Costa Rica —
achieve relatively high levels of social progress with modest

environmental impacts, thus scoring highly on the JTS.

These cases demonstrate that it is possible to sustain a good
quality of life at a lower environmental cost, often thanks to cleaner
energy mixes, efficient resource use, or proactive sustainability
policies. In contrast, other countries — particularly some oil-rich
states and high-emission economies — have very poor JTS scores,
indicating that they generate considerable environmental harm for
the amount of social progress attained. These include nations that
rely heavily on fossil fuels or those with rapid industrialization

lacking environmental controls.

The findings underscore the trade-offs many countries face:
pursuing social progress can either be done in a way that is efficient
(minimal ecological degradation) or inefficient (high degradation),
with policy choices often determining the outcome. By highlighting

both the leaders and laggards in sustainable development, the JTS

provides practical insight into best practices. It suggests that
countries with similar income levels can have very different
sustainability outcomes, and learning from high-efficiency
performers could inform policy in lower-scoring countries. In sum,

this paper’s contribution is a concrete metric for the elusive

concept of “sustainable development,” giving it empirical teeth and

exposing where improvement is most needed.




Achieving Just Transition Through Convergence in the Carbon

Efficiency of Social Progress — This study extends the examination

by looking at trends over a longer period (1990-2020) and focusing
specifically on carbon efficiency, i.e. social progress per unit of CO,
emissions. It introduces the Carbon Efficiency of Social Progress
(CESP) indicator and investigates whether countries are
converging towards similar levels of carbon efficiency as

sustainability becomes a more prominent global goal.

Using data for ~160 countries, the analysis applies time-varying
factor models to determine if high and low performers are moving
closer together or farther apart. The results show a nuanced
pattern of convergence and divergence. On one hand, many low-
emitting countries (often lower-income nations) have improved
their CESP and are catching up toward the efficiency levels of
higher-performing countries — a positive sign indicating that
development in these countries is becoming less carbon-intensive
over time. On the other hand, a segment of middle-emitting
countries (which include several emerging economies) are not
converging; instead, they exhibit divergent trends where some
improve their carbon efficiency while others stagnate or worsen.
This suggests structural barriers in certain nations that prevent
decoupling of emissions from well-being — for instance, dependence
on coal or other fossil fuels for growth, or lack of access to clean
technology. Meanwhile, the highest-emitting countries (typically
industrialized nations) show slow improvements and slight
convergence at the top, likely due to technological innovation and

stronger climate policies in the last decade.

The study’s overall finding is that there is no automatic or uniform
movement towards higher sustainability; progress is uneven. This
has important policy implications: countries starting from behind
can improve with the right support and technology transfer, but

middle-income countries might need targeted interventions to

10




overcome specific obstacles to decarbonizing their development
path. The lack of uniform convergence also means that global
inequality in sustainability persists. By identifying which groups of
countries are lagging, the research points to where international
cooperation and differentiated strategies (as envisioned in global
agreements under the principle of common but differentiated
responsibilities) are most critical. Ultimately, this work provides a
dynamic view of just transition, emphasizing that improving
efficiency is necessary but must be accompanied by efforts to

ensure all countries can participate in that transition.

Together, these studies contribute to a deeper understanding of the
Environmental Efficiency of Well-Being. They offer quantitative
assessments of how different countries manage the dual goals of
social advancement and environmental protection. A clear
takeaway is that improving the environmental efficiency of well-
being is essential for sustainable development. However, it must
oceur in a way that is fair across different economies and societies.
In other words, the path to sustainable development requires both
technological and policy innovation to decouple well-being from
environmental harm and attention to the disparities between
countries in their capacity to do so. By integrating these insights,
this thesis situates environmental efficiency within a broader
sustainability framework, linking it back to composite well-being

measurement and policy goals.

Importantly, the research demonstrates the value of robust
indicators in guiding policy: indices like JTS and CESP can be

used to monitor progress toward international targets (for example,

the Sustainable Development Goals, United Nations 2015), and to
hold countries accountable not just for how much well-being they
create, but how they create it. In sum, this theme’s contributions
show that sustainable development performance can and should be

measured by looking at outcomes per unit of environmental cost.

11




Such an approach shines light on success stories where quality of

life is achieved at low ecological expense, and it flags unsustainable
trajectories where environmental impacts remain unjustifiably

high. These insights directly inform debates on climate and

development policy, illustrating practical pathways for countries to
reduce their environmental impacts without compromising social

progress.
4 Climate Change Perception

Scientific research and policy design are critical to addressing
climate change, but their success ultimately hinges on public
perception and engagement. The third core theme of this thesis
delves into climate change perception — the ways people
understand, interpret, and react to climate change — and how these
perceptions vary across societies. Public perception is a crucial, yet
often underestimated, factor in shaping sustainability efforts and

climate policy effectiveness.

While climate action is driven by data and economics, it is the
public’s awareness of the issue, sense of risk, and willingness to
support solutions that determine whether policies are implemented
and behavioral changes occur. If large segments of the population
do not perceive climate change as an urgent threat or do not buy

into proposed solutions, even well-crafted policies may face

resistance or apathy, limiting their impact. Understanding these

social and cognitive dimensions is therefore vital for a successful

transition to sustainability.

This thes]

approaches climate change perception through a cross-

country comparative lens, recognizing that cultural, economic, and

informational contexts lead to very different attitudes and levels of

concern around the world. It develops a multidimensional

12




framework to measure climate change perceptions, integrating
environmental and social data to provide a comprehensive view of
how societies engage with climate challenges. Key aspects
examined include general awareness of climate change (have people
heard of it?), risk perception (do they believe it is a serious threat
to themselves or their country?), and willingness to act (are they
inclined to support policies or take personal action to mitigate

climate change). By identifying the socio-economic factors that

shape these dimensions — such as education levels, income levels,

gender, age and urbanicity— the research sheds light on the social

complexities influencing climate action.

Importantly, this work bridges attitudinal data with sustainability
indicators: for example, it considers how the factors of public
perceptions vary with the level of vulnerability to climate change,
offering insight into feedbacks between opinion and outcome. This
approach acknowledges that achieving sustainability is not just
about technology or economics, but also about the collective will
to change. The thesis contributes new empirical studies on climate

change perception, each focusing on different facets of this issue:

Multidimensional Cross-Country Measurement of Climate Change
Perceptions — This study introduces the Climate Perceptions Index
(CPI), a composite indicator designed to quantify public climate
change perception across 107 countries. The CPl aggregates

information on three dimensions: awareness of climate change, risk

perception (understanding of its severity and impacts), and

commitment to action (willingness to support climate-friendly

policies or personal actions). Using a large-scale survey dataset of

over 100,000 respondents collected via social media (Facebook),

the study constructs the CPI for each country and uncovers
significant global variability. Notably, there is no simple rich-poor
divide in climate perception: higher economic development does

not automatically equate to higher awareness or concern.

13




For example, many European countries score very high on
awareness — most of their population knows about climate change

but comparatively lower on perceived risk and on commitment
to act. In contrast, several Latin American countries and other
developing nations show the opposite pattern: moderate awareness
levels but relatively high concern about climate impacts and
willingness to take action. This indicates that cultural and regional
factors strongly influence how people translate knowledge into
concern and motivation. A key finding is the existence of an
awareness—action gap: higher awareness does not necessarily
translate into higher risk perception or greater willingness to act.
Simply put, just because people have heard of climate change
doesn’t mean they feel threatened by it or are ready to change

their behavior.

This gap suggests that information alone (raising awareness) is
insufficient; factors like personal experience, trust, and perceived
efficacy play a role in whether awareness leads to action. The CPI
provides a holistic measure that makes these gaps visible. By
combining multiple facets of perception, it allows researchers and
policymakers to identify where the bottleneck is in public
engagement — for instance, a country might need to focus on
communicating risks more vividly, or on boosting public trust in
solutions, rather than just disseminating basic facts which people

may already know.

Dissimilarities in the Socio-Economic Predictors of Climate
Change Worry and Action Across 30 Countries — This paper digs
deeper into what drives climate change concern and pro-
environmental action in different contexts. While the first study
established levels of perception, this second study examines the
determinants of those perceptions using a subset of 30 countries
with detailed data. It employs advanced statistical techniques

(latent variable models to capture underlying “worry”™ and “action”

14




tendencies, and machine learning methods like random forests to

handle numerous predictors) to analyze how socio-economic factors

influence climate attitudes.

The results reveal that the predictors of climate concern and action
are heterogeneous across countries — there is no one-size-fits-all
model. In highly vulnerable countries, age and education emerge
as particularly influential: younger individuals and those with
higher education levels exhibit greater concern about climate
change and are more likely to engage in climate action. These
findings reflect generational exposure to climate discourse and the
empowering effect of education in shaping risk perception and
policy support. Urban residents in these settings also tend to be
more engaged, likely due to higher exposure to climate initiatives

and social norms that encourage pro-environmental behavior.

In contrast, economic factors like income appear to play a more
modest role in highly vulnerable countries, where immediate
survival concerns may take precedence over long-term
environmental issues. Conversely, in less vulnerable countries,
income has a stronger association with climate concern and action,
suggesting that higher living standards can afford individuals
greater cognitive and material bandwidth to address environmental
issues. Notably, socio-economic predictors are more diverse and
complex in high-vulnerability contexts, whereas they are more
consistent in low-vulnerability countries, where political ideology

or general environmental values often dominate.

Overall, this study underscores the importance of context-specific
communication and policies. It validates the need for a composite
approach like the CPI by showing that different dimensions of
perception (knowledge, worry, action) have different drivers. By
identifying these drivers, policymakers can better design

interventions — whether it’s climate education curricula, public

15




awarene or community engagement initiatives — that

 campaigns

resonate with the spe barriers and motivators present in their

society.

Together, these studies advance our understanding of climate
change perception as a multifaceted phenomenon. They break new
ground by moving beyond single-country or single-factor analyses
and offering a broad comparative perspective. One of the central
insights is that public engagement with climate change is not a
straightforward linear process: greater awareness and knowledge
(while generally positive) do not automatically lead to proportional
increases in concern or behavior change (Weber 2010; Jugert et al.
2016). Psychological factors such as perceived efficacy (believing
that one’s actions can make a difference) and social norms (seeing
peers and leaders take climate change seriously) mediate the

translation of concern into action.

This means that bridging the awareness-action gap requires
addressing those psychological and social factors, not just
providing more scientific facts. The thesis contributes a new tool —
the CPI - to quantify these dynamics and offers empirical evidence
on the patterns of perception across a diverse set of countries. By
integrating climate perception data with traditional sustainability
indicators, the research broadens the scope of sustainability

assessment to explicitly include societal readiness and support for

change. This is an often overlooked but crucial component: even as

s, the

support.

nations develop green technologies or enact climate polic

long-term success of such measures will depend on publi

In essence, this theme reminds us that climate change is not only
a technical or economic problem but also a social one. The findings
emphasize that improving public understanding and engagement

an integral part of the sustainability transition. Policies aimed

mate mitigation and adaptation stand a much better chance
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if they are informed by insights into public perception for
example, knowing which misconceptions to correct, which values
to appeal to, and which groups to involve in dialogue. By shedding
light on these aspects, the thesis contributes to designing more
effective climate communication strategies and more inclusive

policies that account for diverse public attitudes.

5 Conclusion

This dissertation provides several key advancements to the field of
sustainability science by integrating social well-being metrics,
environmental efficiency analysis, and climate change perception

into a unified assessment framework.

First, the thesis refines composite well-being measurement
techniques. Building on the beyond-GDP paradigm (Stiglitz et al.
2009), it expands the temporal and conceptual scope of social
progress measurement. By constructing and analyzing a multi-
decade Social Progress Index dataset (1990-2020), the research
provides an unprecedented long-term view of how global social
conditions have evolved. This enables a detailed examination of
trends and disparities across key dimensions of quality of life. In
doing so, the work also advances the methodology of composite

indices: it pioneers the use of time-varying weights to reflect

shifting  societal priorities and explores non-compensatory
aggregation to ensure that shortcomings in one area of well-being
are not obscured by strengths in another. These innovations
address common critiques of composite indicators such as
arbitrary weighting or insensitivity to context — by increasing the

indices’ responsiveness and fairness.

are more robust

The well-being indices emerging from this thesis

and adaptable tools for policy analysis. They allow us to det
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when progress in, say, health or education is stagnating even if
income is rising, or to adjust our measures as new social challenges

become important. By enhancing composite well-being metrics in

these ways, the research contributes to a richer and more reliable

understanding of broad human development. It emphasizes that
sustainable development must consider not just average outcomes,
but also distribution (inequality) and changing values — thereby
echoing and extending the recommendations of international

efforts to measure “what matters” for society (Stiglitz et al. 2018).

Second, it introduces innovative metrics for evaluating the
environmental efficiency of development - notably the Just
Transition Score (JTS) and the Carbon Efficiency of Social
Progress (CESP). These indices fill a critical gap by extending
traditional development measures to include ecological efficiency,
offering a new way to compare countries’ sustainable development
performance (Dietz et al. 2009; Hickel 2020). By capturing how
well countries translate resources and emissions into improved
social outcomes, JTS and CESP highlight examples of “smart”
development (high well-being achieved with low environmental
impact) as well as cases where social progress remains tightly

coupled with unsustainable resource use.

This contribution is both methodological (designing new composite
indices that blend social and environmental data) and substantive

(revealing the large global variability in efficiency). It equips

policymakers with better tools beyond GDP or HDI rankings,
directly showing that some countries manage to attain high well-

being at much lower ecological cost than others. Such insights chart

practical pathways for efficient, low-carbon social progress, aligning
with calls to achieve human development within planetary

boundaries (Knight and Rosa 2011; O’Neill et al. 2018).
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Third, the thesis breaks new ground in climate change perception
research by developing a multidimensional, comparative approach.
It introduces the Climate Perception Index (CPI) as one of the
first composite indicators to assess public climate awareness, risk
perception, and willingness to act across many countries.
Previously, studies of climate opinion were often limited to single
countries or focused on one aspect of perception (Leiserowitz 2006;
Lee et al. 2015). By combining survey data on knowledge, concern,
and behavior, this research offers a holistic index of how societies
view climate change. This is a notable contribution to climate
social science, filling a need for consistent international metrics on

public engagement with climate issues.

Furthermore, by examining socio-economic predictors of climate
concern and action, the thesis illuminates why perceptions differ
from place to place — for example, why people in some regions
might be complacent despite high exposure to climate information,
or why others are motivated to act even with moderate awareness.
These findings have direct practical relevance: they inform how
policymakers and communicators might tailor their strategies to
different audiences. For instance, the evidence that higher
awareness usually correlates with greater climate awareness but
doesn’t guarantee willingness to act highlights a “last mile”
problem in climate communication (Weber 2010; Jugert et al.
2016).

Bridging that gap may require focusing on building public trust,
highlighting local climate impacts, or fostering collective efficacy,
rather than simply increasing knowledge. By incorporating public

perception into the sustainability framework, the thesis broadens

the discussion beyond technical and economic solutions, stressing

that the human dimension — attitudes, beliefs, and social support
— is a critical pillar of effective climate action and sustainability

transitions.
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Collectively, these contributions demonstrate the value of an
interdisciplinary approach to sustainability. The research bridges
traditionally separate domains — environmental efficiency analysis,

social indicator development, and environmental psychology — to

show that integrating these perspectives yields richer insights than
examining each in isolation. For scholars, the thesis provides
improved metrics and analytical methods to study the links
between human well-being, environmental impact, and societal
factors. For policymakers, it offers actionable tools and findings:
for example, the new efficiency metrics (JTS/CESP) can help
identify exemplars of sustainable development and realistic
benchmarks for others to aim for; the enhanced well-being indices
ensure that quality of life is tracked in a way that accounts for
inequality and changing needs; and the climate perception insights
indicate how public support (or lack thereof) can make or break
policy initiatives, thereby guiding how to design and communicate

climate policies.

In pursuing these advances, the thesis contributes to a more
evidence-based and comprehensive toolkit for achieving the
Sustainable Development Goals (United Nations 2015). Ultimately,
the overarching message is that achieving sustainability is not a
one-dimensional endeavor. Lasting progress requires concurrent
advances on multiple fronts: improving human well-being broadly,
reducing our ecological footprint, and cultivating an informed and
supportive public. This dissertation operationalizes that integrated
vision with concrete measures and empirical evidence. By linking
social, environmental, and perceptual dimensions of sustainable
development, it paints a more complete picture of what a

sustainable society entails and how we might get there.
In summary, human prosperity, environmental integrity, and public

engagement must go hand-in-hand. Sustainability can only be

realized by simultaneously meeting human needs, respecting
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planetary boundaries, and harnessing public will - a triad of goals

that this research has helped to quantify and bring into focus.
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