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This paper sheds light on the importance of evaluating climate justice concerns when forging
climate-neutral strategies at the city level. Climate justice can be a useful policy lever to
develop measures that promote simultaneously greenhouse gas emissions reductions and
their social justice dimension, thus reducing the risk of adverse impacts. As a result, evalu-
ating policymakers’ awareness of (i) recognition (ii) distributive (iii) procedural, and (iv)
intergenerational issues about the transition to climate neutrality might help identify where to
intervene to ensure that decisions towards more sustainable urban futures are born justly and
equitably. This study uses data from the European Mission on 100 Climate Neutral and Smart
Cities by 2030 and a principal component analysis to build an index of climate justice
awareness. It then identifies control factors behind different levels of climate justice
awareness. The empirical analysis suggests that the more cities are engaged in climate
efforts, the more they implement these efforts considering also the social justice dimension. It
also reveals that the geographical location and the relationship with higher levels of gov-
ernance contribute to shape the heterogeneity in a just-considerate climate action by virtue
of different governance structures, historical legacies, and economic, cultural, and political
characteristics. Overall, the analysis unveils that the availability of governmental support in
capacity building and financial advisory services, and the breadth of the city’s legal powers
across different fields of action are positively related to justice awareness. Conversely, the
perception of favourable geo-climatic conditions is negatively correlated. These relationships
can be read as assistance needs that cities perceive in their pathway to just climate neutrality
and highlight where future efforts in research and policy-making should focus in the following
years to pave the way to a just transition.
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Introduction

ince before the United Nations Framework Convention on

Climate Change (UNFCCC) was established in 1992, cli-

mate change discussions have included justice concerns.
However, it is only in recent years that the concept of climate
justice has become prominent in climate academic and policy
debates. We can now clearly understand climate justice as justice
in relation to (i) the responsibility for climate change and its
impacts, or (ii) the effects of responses to climate change (Newell
et al,, 2021). We can also link it to the ‘triple injustices” of climate
change (i.e., uneven distribution of impacts, uneven responsibility
for climate change, and uneven costs associated with mitigation
and adaptation (Roberts & Parks, 2015), wherein those who are
the least responsible for greenhouse gas emissions are also those
who are most vulnerable to their impacts and most disadvantaged
by responses to climate change (Krause, 2021). In this study, we
understand climate justice in relation to the effects of responses to
climate change.

Despite the academic interest in climate justice has increasingly
gained momentum, several scholars have debated on its opera-
tional value, as it might remain only normative and theoretical
(Hughes & Hoffmann, 2020; Schlosberg & Collins, 2014). As an
example, Brisley et al. (2012) emphasise that there are no specific
metrics available to assess the inclusion of justice dimensions in
climate policies. In this study, we aim to uncover the operational
value of climate justice by evaluating justice concerns in climate
decision-making processes. In particular, we build on the pro-
posal advanced by Sovacool et al. (2017) that justice frameworks
can serve as decision-making tools that can assist planners in
making policy choices capable to address both the climate change
and the social justice goals. In this case, planners and regulators
are “justice aware”. However, assessing justice concerns is a
challenging task, as there might be heterogeneity in how these are
conceived and addressed, depending on the context and the
governance level (Chu & Cannon, 2021). Indeed, embedded in
the very definition of climate justice are the pillars of territorial
cohesion and multi-level governance, with national, regional, and
local actors all called upon.

In this study, we focus on the local, notably urban, level. Cities
are locations where developing measures against climate change
is highly urgent (Nevens & Roorda, 2014) and where opportu-
nities for co-creation with the civil society are abundant. In
particular, urban areas in the developed world account for more
than 70% of energy-related global greenhouse gases from the
supply side (Bellucci et al., 2012), and the share would be even
higher in terms of consumption (Hoornweg et al., 2011). Addi-
tionally, the majority of the global population lives in cities
(United Nations, 2019). At the same time, there is an increasing
consensus on the key role that cities can play as agents of change
in addressing global climate change (van der Heijden et al., 2019).
During the late 2000s, cities began to emerge as alternative hubs
for political leadership, technological advancement, and financial
support in advancing climate action (Bulkeley, 2010). They are
exposed to activities, processes, or patterns, which make them the
perfect loci to implement mitigation and adaptation efforts
(Diana Reckien et al., 2015). In fact, cities can be seen as “natural”
sites for innovative and experimental climate action in a pro-
gressive direction (Evans et al., 2016). Municipalities themselves
recognised their key role in global climate mitigation and adap-
tion, and committed to take concrete steps to combat the climate
crisis, as announced by over 100 cities at the end of the UN’s
Climate Action Summit in 2019 (Salvia et al., 2021). Further, a
number of city-dedicated initiatives to deliver on the European
Green Deal have been promoted to catalyse a capillary reaction to
climate change at the sub-national level, including the Covenant
of Mayors—that gathers 10,000+ signatories committed to
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climate change mitigation and adaptation—and the European
Mission on 100 Climate-Neutral and Smart Cities (hereinafter,
the Cities Mission), through which cities will pursue climate
neutrality by 2030 and will thereby design and implement
ambitious climate mitigation plans while elaborating on the
green, digital, and just attributes of the transition.

Although these ambitious cities are ideal contexts where both
environmental and social justice goals can be achieved, due to the
relatively short distance between municipalities and citizens,
compared to other governance levels (Evans, 2011), they can be
hot spots of injustices, which manifest in multiple ways, including
displacement, destructive redevelopments or uneven investments
that may exacerbate inequalities (Phillips et al., 2022). That is why,
to express their full potential as agents of change in addressing
global climate change (Bouzarovski & Haarstad, 2019), cities need
to be able to recognise the link between the planned climate efforts
and their multiple implications to avoid generating or exacerbat-
ing forms of injustice (Hughes & Hoffmann, 2020). In short, cities
need to be justice-aware when developing climate action and the
degree of awareness should become an indicator and a lever to
guide and course-correct climate policy so that truly resilient and
future-proof urban decisions can be taken.

This study aims to uncover the operational value of climate
justice by providing a quantitative, ex-ante assessment of climate
justice considerations in urban climate action planning. The
proposed methodology overcomes the uncertainties in terms of
robustness, comparability, and interpretability of results that
come with the conceptual approaches and/or limited city samples
that characterise the existing literature on the topic. Instead of
qualitatively analysing a set of climate plans, we leverage the
newly collected Cities Mission dataset as an unprecedented por-
tray of where hundreds of European cities stand in terms of
climate mitigation against the background of a common and well-
defined framework and climate ambition. The dataset connects
scientific and technological aspects to policy-making, risk
anticipation and cross-sectoral integration to social equity, as co-
ingredients of a robust and just climate neutrality strategy, across
multiple dimensions and highly diverse urban contexts. Relying
on data that are elicited through a homogenous procedure (i.e.,
survey), descriptive of a significant sample of respondents, and
related to a well-defined climate action programme, enables us to
develop a scientifically sturdy European index of climate justice
awareness. The index and its analysis are instrumental not just to
compare cities and determine a Europe-wide baseline, but also to
identify predictors and to delineate the opportunity space for
enhanced justice awareness.

Indeed, even among the most ambitious cities in climate
mitigation and adaptation, there might be considerable hetero-
geneity in climate action, due to city-specific factors (Diana
Reckien et al., 2015). As an example, when cities are prosperous
(high GDP per capita) and populous, or when they have the
financial capacity and the know-how to implement climate
action, they may engage more in climate action (Intergovern-
mental Panel on Climate Change, 2015; Diana Reckien et al,
2015). In contrast, when they are constrained in their powers and
boundaries, due to, e.g., regulatory limitations, cities may not
express their full potential in exerting climate efforts (van der
Heijden et al., 2019). At the same time, city-specific factors might
limit climate justice considerations. For instance, when cities are
limited in an operational capacity, they might concentrate their
efforts towards “profitable” climate initiatives for which quanti-
fiable emissions reductions can be demonstrated and investors
can be lured, at the expenses of more socially attentive initiatives
whose benefits are less conventionally tangible (Castdn Broto &
Westman, 2020).
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In this study, we investigate these potential mechanisms and
empirically address how climate engagement, as measured by a
combination of metrics of engagement, preparedness, and
ambition in climate action, is related to climate justice awareness
in policy-making across the procedural, distributive, recognition,
and intergenerational pillars, and which city-specific factors (such
as climate, population, GDP) may serve as predictors of climate
justice considerations. To this aim, through principal component
analysis (PCA), we create an index for climate action that reflects
cities’ efforts in climate mitigation and adaptation strategies and
initiatives, as well as their GHG emissions reduction targets. The
index is then used as an explanatory variable for a second index
aimed at quantifying the level of climate justice awareness that
equally accounts for the consideration of the four justice pillars.
Finally, by adopting a regression approach, we study the rela-
tionship between climate justice awareness and climate engage-
ment, including a set of control variables to account for local
specificities and influential factors that could contribute to the
different manifestations of just climate action across European
cities.

Theoretical framework

Cities are ideal contexts where both environmental and social
justice goals can be achieved, due to the relatively short distance
between municipalities and citizens, compared to other govern-
ance levels (Evans, 2011). Despite this potential, there is evidence
that, so far, city climate plans have commonly failed in embed-
ding social justice, resulting in an increased social divide and in
disproportionate vulnerabilities to weather extremes, air pollu-
tion, and social marginalisation (Reckien et al., 2023; Wachsmuth
et al, 2016). There is a general lack of accountability for the
various adverse impacts that may be triggered by climate action,
notably (i) beyond wealthy districts, (ii) at the periurban or rural
fringes, and (iii) at the metropolitan/regional level (e.g., in
functional urban areas). This suggests not only that the climate
action at the city level needs to be attentive to more global pro-
cesses to avoid a mere displacement of injustices and unsus-
tainable practices (Angelo & Wachsmuth, 2015, 2020), but also
that cities should adopt a more holistic approach than that based
only on technical perspectives (Chu & Cannon, 2021).

Against this backdrop, a body of academic work has emerged
to criticise technocratic approaches, which often prioritise reg-
ulatory, financial, and engineered interventions, while neglecting
the social, cultural, and economic inequities (Meerow & Newell,
2019; Shi et al,, 2016). These critiques are particularly relevant
within urban environments that are already marked by high levels
of inequality, characterised by contentious issues like the mar-
ginalisation of the vulnerable (Chu & Cannon, 2021). In this
regard, scholars have observed that public policies and plans have
played a key role in reinforcing systemic injustices, both directly
and indirectly (Brand and Miller, 2020). As an example, some
cities that initiated measures to promote adaptation started
safeguarding economically significant land from anticipated risks,
implementing exclusionary zoning and land use policies to pre-
serve property values, and prioritising the enhancement of
infrastructure and public services in affluent neighbourhoods
(Long & Rice, 2019). Consequently, scholars began to raise
concerns about how these plans were contributing to displace-
ment, perpetuating poverty, and, in certain instances, exacerbat-
ing vulnerability to climate effects in historically marginalised
communities (Anguelovski et al., 2016).

A stream of research has thus emerged, to address these cri-
tiques by looking at operationalising justice frameworks to enable
climate action policy choices to address both the climate change
and the social justice goals (Sovacool et al., 2017). This stream of

literature posits that when planners and regulators take into
account justice dimensions from the very start of the decision-
making process, then also the implementation of strategies and
plans is more likely to be able to address both the climate change
and the social justice goals (Juhola et al., 2022). Practically, this
calls for a need to evaluate the degree of justice awareness in
climate action planning.

Despite the conceptual advancement in climate justice, how-
ever, there continues to be limited empirical evidence on how
justice dimensions are actually integrated into urban climate
planning. The few exceptions, like the studies by Chu and Can-
non (2021) and Juhola et al. (2022), assess the inclusion of justice
dimensions in climate action plans of a limited sample of cities by
deriving interpretative justice indicators. However, this metho-
dology and the availability of limited city samples can make it
hard to extract comparable results for large regions, like those
that characterise Europe, and to derive quantitative relationships
to inform decision-making.

This study enriches this stream of research aiming to uncover
the operational value of climate justice by evaluating how justice
concerns are taken on board in urban climate action planning. To
this aim, we refer to the framework of climate justice, which is
based on environmental justice (Schlosberg & Collins, 2014).
Over time, the framework of environmental justice has under-
gone a gradual transformation, leading to the recognition that an
inequitable distribution of environmental burdens and benefits is
not inherently predetermined, but rather has underlying causes.
Consequently, four dimensions crucial to achieving justice in the
context of mitigating and adapting to climate change have been
commonly identified and recognised as interconnected: recogni-
tional, distributive, procedural, and intergenerational (Newell
et al., 2021).

Recognitional justice manifests in understanding differences
while guaranteeing equal rights for all (Newell et al.,, 2021). It
translates into acknowledging the diverse needs of different
societal groups in order to minimise social costs associated with
climate action. This is because vulnerabilities to climate risks are
situation-dependent (Fitzgibbons & Mitchell, 2019). Under-
standing the significance of underlying social structures is
essential for identifying the factors that contribute to social
injustices within societies, as these contribute to determine the
way the most vulnerable will experience the impacts of climate
change and climate action (Schlosberg, 2004). Therefore,
including recognitional justice in climate action means not only
to assess whether climate action recognises and addresses varying
needs across different segments of society, but also whether it
acknowledges the influence of societal structures on dis-
advantaged communities (Juhola et al., 2022).

Equity is often understood as coterminous with distributive
justice. It refers to a state where resources, opportunities, and
protection from climate hazards or risks are distributed in an
equal and fair manner, regardless of the background or identity of
individuals or groups (Chu & Cannon, 2021). Climate action
itself might be associated with an unequal distribution costs and
benefits, and this inequality might occur both locally and
nationally (Colenbrander et al., 2018). As an example, developing
a flood defence in one area may increase flood risk in downstream
populations (Eriksen et al., 2021). This implies that addressing
distributive justice in climate action translates not only in esti-
mating the climate hazards and risks, but also how these are
distributed across the different social groups (Fiack et al., 2021).
Additionally, it translates in assessing which costs and benefits
climate action will generate, and how these will be distributed
across the social groups (Juhola et al., 2022).

Procedural justice refers to fair, accountable, and transparent
processes that aim to engage all stakeholders in a non-
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discriminatory way (Sovacool & Dworkin, 2014). Notably,
transparent, accountable, and inclusive decision-making pro-
cesses and procedures become just when they incorporate a
variety of voices, values, and perspectives (Mundaca et al., 2018).
This implies that cities address procedural justice in climate
action when they strive to make a variety of groups represented in
as many different phases of planning process as possible, and take
on board different ideas even when this implies substantial
changes (Juhola et al., 2022).

Finally, climate change and climate action present a significant
challenge to account for considerations of notions of inter-
generational justice. If left unchecked, it would result in an unjust
burden caused by climate change (or failed climate action) placed
upon future generations by those in the present (Gonzalez-Ricoy
& Rey, 2019). Intergenerational justice has renewed traction
owing to the Fridays for Future movement, yet it dates back—at
least—to the report Our Common Future (World Commission on
Environment and Development, 1987). This report conceived
sustainable development as the ability of current generations to
meet their needs without compromising that same ability of
future generations (Newell et al., 2021). Therefore, urban climate
action accounts for intergenerational justice concerns when
future interests are explicitly represented and taken on board
(Lawrence & Kohler, 2017).

Data and methods

Against this theoretical framework, this study focuses on a group
of particularly ambitious cities in climate action; those that
expressed interest in the Cities Mission. The Cities Mission aims
to promote the transition to climate neutrality in 100+ cities by
2030. The definition of climate neutrality standing within the
Cities Mission framework requires reaching (net) zero emissions
across i) all highest emitting sectors (e.g., energy, transport, waste,
industry, agriculture), ii) all emissions scopes (direct and indirect
emissions within the city boundary and out-of-boundary emis-
sions related to the disposal and treatment of waste/wastewater
generated within the city boundary), and iii) seven greenhouse
gases (CO,, CH,, N,O, HFCs, PFCs, SF¢, and NF;). In total, 112
cities were selected for this ambitious programme from the 362
that participated in the call for Expression of Interest (EOI) closed
on 31 January 2022. The EOI took the form of an all-
encompassing questionnaire of 374 questions designed to
provide:

(i) a systematic and complete assessment of the city’s starting
point (preparedness) and demonstrated engagement in
climate action (engagement);

(ii) an evaluation of the consistency, plausibility, and credibility

of the commitment and capacity to reach climate neutrality

by 2030 (ambition);

and a preliminary assessment of the familiarity with

integrated approaches and holistic thinking in climate

action through co-benefits analysis, barriers identification,
and risk anticipation.

(iii)

The EOI questionnaire and the data collection were entirely
designed and managed by the European Commission. Cities were
given a link to access the online questionnaire. The link could be
shared by the city administration to anybody in the (best) posi-
tion to answer the questions to ensure a compelling candidature.

The analysis is based on data from all the 362 cities that
answered the EOI questionnaire and thus expressed the ambition
to go emission-free in less than a decade (see Fig. 1). The sample
includes cities from 35 countries encompassing all EU Member
States with varied sizes, from large and medium cities (above
50,000 inhabitants, up to 15 million inhabitants) to smaller ones

4

(down to around 10,000 inhabitants). The starting point in cli-
mate action is also significantly diverse across cities, with different
baseline emissions, trends, and familiarity with dedicated policies
and strategies (Ulpiani et al., 2023).

To enable the evaluation of climate justice awareness (CJA)
and climate engagement (CE), we relied on a set of selected EOI
questions (see Table 1 and for more details on the questions’
description in Table A.l1 in the Supplementary Appendix),
including both multiple and single choice questions.

The questions that were used to develop the climate justice
awareness index were designed and selected based on the four
main pillars of climate justice (Newell et al., 2021).

As procedural justice concerns the various processes and ele-
ments of climate decision-making that might involve the reg-
ulation of the distribution of goods (Walker & Day, 2012), it
translates in providing access to relevant information, or legal
procedures to enable to claim participation rights, recognising
and acting upon unjust procedures, and striving to address biases
on the side of project proponents and/or decision-makers
(Mundaca et al., 2018). Therefore, the selected questions tried
to capture whether the various key groups are usually engaged in
climate planning and how.

Distributive justice concerns the inequalities in access to social
goods and ills, like energy, water, pollution, or food (McCauley
et al., 2013; Sovacool & Dworkin, 2015; Walker & Day, 2012). In
particular, one of the key aspects of distributive justice is the
identification of how goods and ills are distributed across the
society (Newell et al., 2021). Hence, the selected questions capture
whether cities estimate costs and benefits associated with climate
action and climate change, and whether social redistribution is
considered to mitigate costs.

Recognitional justice is closely linked to procedural and dis-
tributive justice, being concerned with the capacity to acknowl-
edge the existence of different needs (energy, water, health, etc.)
across the society (Walker & Day, 2012), notably the needs of the
socially and politically marginalised, including the energy poor
(Della Valle & Czako, 2022). Therefore, the selected questions
tried to capture whether cities acknowledge the existence of dif-
ferent (structurally shaped) needs (energy, water, health, etc.)
across the society.

Finally, as intergenerational justice concerns protecting future
generations from harm, providing them with the same resources
current generations are enjoying, and with means to express their
voice in climate change discussions (Sanson & Burke, 2020), the
selected questions tried to capture whether future generations’
interests are considered or represented by younger generations.

Following the selection of the questions developed to reflect
each of the four pillars, as many indexes were created: (i) recog-
nition (R]) (ii) distributive (DJ) (iii) procedural (P]), and (iv)
intergenerational justice (I]). Notably, the replies to the sets of
questions (as shown in Table 1) were used individually to develop
each of the RJ, DJ, PJ], and IJ indexes through the PCA. The
answers are transformed, according to the following rules:

- in case of multiple-choice questions, a value is assigned that is
equal to the total number of selected answer options.
However, if the interest is in a specific answer option, 1 or
0 are assigned when the option is or is not ticked by the city
(i.e., dummy variable);

- in case of single-choice questions, each answer option is
weighted according to its value in terms of climate mitigation
or justice awareness (ie., it is transformed into a numeric
categorical variable). However, when only one answer option
is relevant to the formulation of the corresponding index, 1 or
0 are assigned when the option is or is not ticked by the city
(i.e., dummy variable). Finally, when the answer is a number
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Fig. 1 Map of the surveyed cities (all those that agreed to publication are shown, i.e., 346 cities) and statistical distribution of city size. The colour
code in the map is used to distinguish different groups by population density (population divided).

(e.g., the number of climate mitigation plans), no transforma-
tion is applied.

Table A.1 recalls the rules on a question-by-question basis and
provides the original EOI questions.

The PCA was deemed as an appropriate method as it enables to
(i) condense multiple variables that measure similar constructs
into a smaller set of uncorrelated composite indexes, (ii) provide
us with a concise set of indexes that allow for a more straight-
forward explanation of the relationships between the predictors
(e.g., CE) and the outcome variable (i.e., CJA) while minimising
information losses, and (iii) to handle multicollinearity, which
can pose challenges in regression analysis (Shrestha, 2021).
Therefore, the PCA fits well our study as we can derive indexes
from multiple survey items and investigate the relationships
between these indexes and other factors, while accounting for the
potential challenges that might be encountered when condensing
information (i.e., loss of information) and interpreting results
(i.e., multicollinearity). This approach has also been used in
previous similar studies that developed indexes related to
engagement and awareness of energy issues (Martins et al., 2020).

Once derived the four justice indexes, we calculated the CJA
index as a simple average of the four indexes, as we assumed that
awareness of each of the four justice pillars has an equal weight in
terms of contribution to the overall climate justice awareness.
Therefore,

C]A:R]+D]:PJ+U (1)

The sixth index—the climate engagement (CE) index—was
developed via PCA to capture cities’ efforts in climate action. The
selected questions to develop this index tried to capture the effort
in sector-specific climate mitigation strategies and initiatives, as
well as in their GHG emissions reduction targets.

After creating all the indexes, a simple ordinary least squares
(OLS) regression was conducted to measure the explanatory
power of the CE index and city-specific factors (population
density, GDP per capita, favourable conditions, legal powers,
barriers identified, and government support) on CJA (for more

details on the city-specific factors, see Table A.2 in the Supple-
mentary Appendix). As we are analysing survey data and aim to
investigate quantitative relationships, the OLS regression model
was deemed as the appropriate method, since it allows for the
examination of the magnitude and direction of the relationships
between the CJA (dependent variable) and the predictor variables
(CE and city-specific factors). Additionally, by enabling quanti-
tative estimates of these relationships, it allows for numerical
comparisons and for policy recommendations (Wooldridge,
2015).
All analyses were performed using Stata 15.

Results

As described in the methods, the four justice pillar indexes and
the CE index were developed via PCA (see Table A.3 in the
Supplementary Appendix for details on the PCA output, such as
communalities, total variance explained, and component matrix).
The quality of the produced indexes is inferred by applying two
well-established tests (Shrestha, 2021): the Kaiser-Meyer-Olkin
(KMO) Measure of Sampling Adequacy and the Bartlett’s test.
The first test returns the proportion of variance in the variables
that might be caused by underlying factors. When KMO values
are higher than 0.5, the sample is deemed acceptable (Martins
et al, 2020). The second test checks the hypothesis that the
correlation matrix is an identity matrix, and indicates whether the
variables are unrelated and not suitable for structure detection.
When the output is less than 0.05, the available data is deemed
suitable to apply the factor analysis.

The Bartlett’s test reveals that the indexes are adequate, as all
output values are below 0.05. The KMO corroborates the result,
with all values higher than 0.5 (see Table 2). These results confirm
that the developed indexes are suitable for the analysis.

Overall, across the 362 cities, the RJ index ranges within
(—1.59, 6.17) with mean —1.96 (s.d. 2.17); the PJ index ranges
within (—5.98, 5.27) with mean 2.36 (s.d. 2.32); the DJ ranges
within (—2.41-8.78) with mean —2.54 (s.d. 2.99); and the IJ index
ranges within (—1.20, 2.82) with mean 2.38 (s.d. 1.23). The CJA
index across the 362 cities ranges within (—2.79, 5.76) with mean
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Table 2 Preliminary tests on the suitability of the indexes.

intergenerational
justice

recognition
justice

climate
engagement

distributive
justice

procedural
justice

Chi-square 85.406 1715.167
p-value 0.000 0.000
Kaiser-Meyer-Olkin measure of Sampling Adequacy (KMO)
KMO 0.543 0.852

Bartlett test of sphericity (Null hypothesis: variables are not intercorrelated)

3965.286
0.000

1808.422
0.000

2957.301
0.000
0.929

0.845 0.884
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Fig. 2 CJA index distribution. Mean CJA index by country and statistical distribution of CJA and all its compositional indexes.

—6.02 (s.d. 1.88). The distribution can be visualised in Fig. 2. As
shown in Fig. 2, this index seems to vary significantly across
countries, on average.

To exclude issues of multicollinearity between the independent
variables and the developed CJA index that we will use in the
regression analysis, we assess the Pearson’ correlation.

Table 3 shows that the values are not high enough to be
concerned with multicollinearity, as all independent variables
have an absolute value of Pearson correlation coefficient that is
less than 0.5 (Young, 2018). This result is further corroborated by
a second test for multicollinearity using the variance inflation
factor, developed post-regression.

Table 3 also suggests the existence of a significant and strong
correlation between CJA and:

i. CE(+)

ii. Log GDP per capita' (+),

iii. financial government support (+),

iv. reporting government support (+),

v. coordination government support (+),

vi. technical government support (+),

vil. tools and skills access government support (+),
viii. dissemination government support (+),

ix. capacity government support (+),

x. regulation government support (+),

xi. financial advisory government support (+),

xii. perceived favourable economy (+),
xiii. perceived favourable authorisation process (+),
xiv. perceived favourable financing (+),

xv. perceived favourable communication (+),
xvi. number of fields with legal power (+),

xvii. and number of identified barriers (+).

CJA is also mildly correlated with population density (+). The
regression analysis is used to confirm the strength of such
relationships.

Figure 3 shows the positive relationship suggested by the
Pearson’s correlation between climate engagement and climate
awareness. It also shows that the average of the two indexes
differs quite substantially across countries. Therefore, we first
conduct the analysis using the whole dataset.

To ensure that we consider the relationships between cities
within a country and take into account the shared character-
istics among cities, we used cluster-robust standard errors.
This method allows for a more comprehensive understanding
of the correlation structure among cities within the same
country and, thus, a more valid and robust approach than
standard errors that assume independence among observa-
tions (in traditional statistical models that do not consider
clustering, standard errors are assumed to be independent
across all observations). However, in the context of cities
within a country, this assumption may not hold true due to
similarities arising from various factors such as geographical
proximity, cultural influences, or policy interventions. Hence,
we treat countries as clusters, recognising that cities within a
country may have similar unobservable factors (Angrist &
Pischke, 2008).

Second, to absorb any country effect and allow the estimates of
the coefficients on city-level characteristics to differ across
countries, we would ideally run a separate regression model for
each country (Bryan & Jenkins, 2021). However, given that
countries are unevenly represented in the pool of 362 Mission
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Fig. 3 Climate awareness and climate engagement: average indexes by country. Some country names have been replaced with their official codes

(Eurostat, 2023) for better visibility.

cities, we resort to the category-based approach in which
regressions are computed separately on three country categories
based on geographical attributes:

- Eastern: Poland, Lithuania, Latvia, Estonia, Belarus, Ukraine,
Moldova, Romania, Bulgaria, Montenegro, Macedonia, Alba-
nia, Kosovo, Croatia, Slovenia, Czech Republic, and Slovakia.

- North-Western: Finland, Sweden, Denmark, Norway, Ice-
land, France, Austria, Switzerland, Germany, Belgium,
Netherlands, Luxembourg, Ireland, and the UK.

- Southern: Spain, Portugal, Malta, Italy, Greece, Cyprus,
Turkey, and Israel.

Table 4 and Fig. 4 show the general model considering the
whole sample of cities and a category-based approach in which
regressions are conducted based on countries’ categories. Results
confirm a positive correlation between climate engagement and
climate justice awareness.

Across all models, we find that high climate engagement seems
to have a positive influence on the potential that climate decisions
are made in a justice-aware way, as the two indexes result cor-
related regardless of the country group.

When looking at the general model, we also find that the
justice-awareness potential is positively influenced by the avail-
ability of governmental support in capacity building and in
financial advisory services, and by the breadth of the fields over
which the city has legal power to act/make policy decisions.
Conversely, it is negatively influenced by the perception that the
city geo-climatic conditions are favourable (e.g., proximity to
water bodies, moderate occurrence of climate extremes).

In North-western cities, justice awareness is positively influ-
enced by the availability of government support in coordination
and by the density of population, whereas in Southern cities, by
the extent of the city legal powers and by the availability of
governmental support in financial advisory services, resource
mobilisation and reporting. In Eastern cities, higher justice
awareness comes with the availability of governmental support in
capacity building and in financial support, and project develop-
ment/implementation. Conversely, it is negatively influenced by
the perception of a favourable climate and financial situation.

Overall, all models seem to be satisfactory in explaining
variability, as all R? are above 0.5, and in avoiding multi-
collinearity, as the mean VIF is always between 1 and 5, indi-
cating moderate correlation between the other explanatory
variables in the model, but not severe enough to require attention.

Discussion

Correlation analysis was conducted to examine the associations
between CJA and potential drivers and barriers affecting just
climate action development in a large sample of European cities.
At this stage, the focus was on identifying general influences. Out
of the 18 factors tested, 17 were found to be significantly related
to both climate engagement and city-specific factors.

CE exhibits a strong positive correlation (p < 0.01). This result
suggests that the more cities exert efforts in addressing climate
change goals, the more they are likely to take climate justice
concerns on board when designing and implementing climate
efforts. The following city-specific institutional and socio-
economic factors were identified as the most influential drivers
of justice-awareness potential, exhibiting strong positive correla-
tions (p <0.01):

- GDP per capita and degree of city legal powers;

- government (i) financial support, (ii) reporting support, (iii)
coordination support, (iv) technical assistance, (v) skill
support, (vi) dissemination assistance, (vii) capacity building
assistance, (viii) policy regulation assistance, (ix) financial
advisory services;

- perceptions of a favourable (i) economy, (ii) financial
situation, (iii) communication, and

- identified barriers to climate action.

These results suggest that wealthier cities could more likely
attain social justice goals when planning and implementing cli-
mate action. Cities that consider their economic, financing, and
communication strategies as favourable city-specific features are
also more likely to be climate justice aware. Results also suggest
that cities that receive cross-sectoral support from higher gov-
ernance levels are more likely to take into account justice

| (2023)10:440 | https://doi.org/10.1057/s41599-023-01953-y 9
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Table 4 Regression analyses.
(Al (North West) (South) (East)
Variables CJA CJA CJA CJA
CE 0.420*** 0.526*** 0.350*** 0.413***
(0.0362) (0.0738) (0.0657) (0.0566)
log GDP per capita 0.0649 —0.120 0.198 —-0.121
(0.0859) (0.168) (0.126) (0.122)
Population density 0.0000317 0.0000880** 0.0000192 —0.00000831
(0.0000225) (0.0000349) (0.0000187) (0.0000995)
Government Financial Support 0.0524 0.163 —0.183 0.637***
0.211) (0.427) (0.315) (0.190)
Government Support to Reporting 0.0440 —-0.179 0.521* —0.301
(0.168) (0.181) (0.251) (0.406)
Government Support to Coordination 0.145 0.662** —0.00296 —0.323
(0.142) (0.228) (0.200) (0.209)
Government Technical Assistance 0.0986 —0.0585 —-0.102 0.0725
(0.179) (0.364) (0.229) (0.366)
Government Support to tools and skills —0.185 -0.14 —-0.377 0.310
(0.218) (0.410) (0.264) (0.475)
Government Dissemination Assistance 0.0967 0.324 0.0135 0.0664
(0.157) (0.329) (0.266) (0.270)
Government Capacity Building Assistance 0.405*** 0.345 0.273 0.938**
(0.148) (0.343) (0181 (0.355)
Government policy Regulation Assistance 0.0717 —0.0205 0.0400 0.321
(0.161) (0177) (0.244) (0.480)
Government Financial Advisory services 0.297* 0.457 0.642*** —0.307
(0.152) (0.267) (0.149) (0.368)
Favourable economy 0.00525 0.0104 —0.0430 0.0295
(0.0588) (0.110) (0.121) (0.121)
Favourable funding & financing —0.0743 —0.0204 0.000224 —0.340*
(0.0865) (0.129) (0.154) (0.161)
Favourable communication —0.00893 —-0.116 0.0402 0.0926
(0.0628) (0.140) (0.0964) (0.0903)
Favourable climate —0.164** —-0.166 —0.142 —0.183**
(0.0708) (0.113) (0.101) (0.0843)
Fields power count 0.0541** 0.00146 0.mnz2** —0.0229
(0.0264) (0.0495) (0.0225) (0.0347)
Barriers count 0.0301 0.0339 0.0604 —0.0594
(0.0550) (0.142) (0.0653) 0.11)
Constant —1134 1.037 —3.249*** 1.817
(0.948) (1.736) (0.620) (1.572)
Observations 362 130 147 85
VIF 1.40 1.50 1.58 1.55
R-squared 0.528 0.524 0.537 0.609
***p<0.01, **p<0.05, *p<0.1, Standard errors clustered at country level.

dimensions. Two key drivers of CJA are also the breadth of cities
legal power and the ability to identify more barriers to climate
action. Population size exhibits only a mild positive correlation
(p <0.10). This suggests that being a populous city might not
necessarily lead to more justice considerations when developing
climate action. Finally, perceiving climate as a favourable city-
specific feature does not seem to be a motivating factor for cities
to take into account justice dimensions in climate efforts.

The above correlation results are only partially confirmed by
the regression analysis conducted on the whole sample of cities.
Using all factors analysed in the correlation matrix yields a
model of moderate good fit. In particular, the R? of 0.529 indi-
cates that the model explains a substantial portion of the varia-
bility in the CJA index. For CJA, CE and receiving government
financial support are important factors with a strongly significant
(p <0.01) contribution to the model. Notably, the coefficient of
0.420 suggests a positive and statistically significant relationship
between CE and CJA, wherein a one-unit increase in CE is
associated with an estimated increase of 0.420 units in CJA,
assuming all other variables in the model are held constant. This

10

implies that cities that are more engaged in climate action tend to
show higher levels of CJA. The coefficient of 0.405 suggests a
positive and statistically significant relationship between CJA and
government financial support, wherein a one-unit increase in
government financial support is associated with an estimated
increase of 0.405 units in CJA, ceteris paribus. This implies that
cities that receive more financial support from higher governance
levels tend to show higher levels of CJA. The breadth of legal
power and perceiving climate as a city-specific favourable con-
dition are also important influencing factors of CJA, but with a
lesser significance extent (p<0.05). The coefficient of
0.0541 suggests a positive and statistically significant relationship
between number of fields with legal power and CJA, wherein a
one-unit increase in the number of fields with legal power is
associated with an estimated increase of 0.0541 units in CJA,
ceteris paribus. This implies that cities that have the power to
take decisions on a breadth of climate-related fields tend to show
higher levels of CJA. The coefficient of —0.164 suggests a
negative and statistically significant relationship between
favourable climate perceptions and CJA, wherein a one-unit
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Fig. 4 Regression coefficients. Coefficients estimates and confidence intervals from regression models analysing i) all cities (blue) ii) North-Western cities

(red), iii) Southern cities (green), and iv) Eastern cities (yellow).

increase in favourable climate perceptions is associated with an
estimated decrease of 0.164 units in CJA, ceteris paribus. This
implies that cities that do not perceive the urgency to act on their
local climate tend to show lower levels of CJA. Finally, receiving
financial advisory services from the government only mildly
explains CJA. The coefficient of 0.297 suggests a positive and
statistically significant (p <0.10) relationship between financial
advisory services and CJA, wherein a one-unit increase in
available financial advisory services is associated with an esti-
mated increase of 0.297 units in CJA, assuming all other variables
in the model are held constant. This implies that cities that are
equipped with more government financial advisory services tend
to show higher levels of CJA.

Overall, results from the general regression model suggest that
CE has a positive impact on cities' climate justice awareness,
irrespective of their geographical classification. They also suggest
that the availability of governmental support in capacity building
and financial advisory services, and the extent of the city legal
powers across different fields of action are positively related to
justice awareness. This suggests that when cities have the means
and freedom to decide how to plan and implement climate
efforts, they can also pursue objectives that are not immediately
related to emission reduction, but embrace a broader dimension
sensitive to social justice. At the same time, results suggest that
the perception of favourable geo-climatic conditions is negatively
related to climate justice awareness. This insight further echoes
the positive relationship between CE and CJA, as a favourable
climate might reduce the perceived urgency of climate action and
the consideration of the social issues associated with it.

The results from the regression analyses run on specific geo-
graphic groups highlight that when country effects are taken into
account, the relationships with CJA estimated with the general
model are not always confirmed. Additionally, they unveil rela-
tionships with new dimensions. This suggests that aggregating
data can make certain relationships only apparently strong
(Wooldridge, 2015), and that the fact that cities within the same
geographic region might share similar governance structures,
historical legacies, and economic, cultural, and political char-
acteristics (Breil et al., 2018) needs to be accounted in the
analysis.

| (2023)10:440 | https://doi.org/10.1057/541599-023-01953-y

For all geographical groups, the regression model yields a
moderate good fit since the R? (0.524 for North-Western cities,
0.537 for Southern cities, and 0.609 for Eastern cities) indicates
that the model explains a substantial portion of the variability in
the CJA index. As observed in the general model, we find that for
CJA, CE is a key factor with a strongly significant (p <0.01)
contribution to the model, with the following territorial nuances.
The coefficients (0.526, 0.350, and 0.413 for the three groups
respectively) suggest a positive and statistically significant rela-
tionship between CE and CJA, wherein a one-unit increase in CE
is associated with an estimated increase of 0.526, 0.350, and 0.413
units in CJA (and thus 0.106 more or 0.07 and 0.007 units less
than estimated in the general model, respectively).

When it comes to North-Western cities in particular, differ-
ently from the general model we find that population density and
receiving coordination support from the government moderately
(p <0.05) explain CJA. Notably, the coefficient of 0.0000880 sug-
gests a positive and statistically significant relationship between
population density and CJA, wherein a one-unit increase in
population density is associated with an estimated increase of
0.0000880 units in CJA. This implies that densely populated
North-Western cities tend to show higher levels of CJA. Further,
the coefficient of 0.662 suggests a positive and statistically sig-
nificant relationship between receiving coordination support
from the government and CJA, wherein a one-unit increase in
government coordination support is associated with an estimated
increase of 0.662 units in CJA. This entails that North-Western
cities that receive higher coordination support from the govern-
ment tend to show higher levels of CJA. Overall, the regression
analysis for North-western cities reveals that CJA is positively
influenced by the availability of governmental support in coor-
dination and by population density. This suggests that the pro-
vision of support in coordination can be a key way to address the
potential high structural complexity (level of alignment and
interaction across different governance and low population den-
sity) undermining the attention North-western cities can devote
to social objectives when planning and implementing climate
action. This finding aligns with existing evidence on the higher
emissions mitigation ambition demonstrated by Northern and
Western Europe cities (Reckien et al., 2018; Reckien et al., 2015;
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Salvia et al., 2021) and with the significant correlation between
such ambition and national incentives, characteristics, and cli-
mate policies (Hsu et al., 2020; Salvia et al., 2021).

Similar to the general model, among Southern cities, receiving
financial advisory services from the government and the breadth
of legal power explain CJA, and these relationships are stronger
(p<0.01) than for the general model. The coefficient of
0.642 suggests that a one-unit increase in available financial
advisory services is associated with an estimated increase of 0.642
units in CJA, ceteris paribus. This implies that Southern cities that
are equipped with more government financial advisory services
tend to show higher levels of CJA. The coefficient of 0.112 sug-
gests that a one-unit increase in the number of fields with legal
power is associated with an estimated increase of 0.112 units in
CJA, ceteris paribus. This implies that the more Southern cities
have the power to decide where to exert their climate effort, the
more they tend to show higher levels of CJA. Finally, differently
from the general model, we find that receiving government
support on reporting moderately (p <0.10) explains CJA. Nota-
bly, the coefficient of 0.521 suggests a positive and statistically
significant relationship between government support on reporting
and CJA, wherein a one-unit increase in government support on
reporting is associated with an estimated increase of 0.521 units
in CJA. This entails that Southern cities that are equipped with
tools that ease coordination tend to show higher levels of CJA.
Overall, for Southern cities, results highlight that CJA is positively
influenced by the breadth of the city legal powers and by the
availability of governmental support in financial advice and
resource mobilisation, and mildly in reporting. This suggests that
providing more legitimacy and advice on how to get resources for
climate action by higher-level governments can be a key way to
make Southern cities more considerate of social objectives in their
climate efforts.

Finally, for Eastern cities and in agreement with the general
model, we find that perceiving own climate as a favourable local
feature explains CJA, and this relationship is stronger (p < 0.05)
than for the general model. The coefficient of —0.183 suggests
that a one-unit increase in perceptions of a favourable climate is
associated with an estimated decrease of 0.183 units in CJA,
ceteris paribus. This implies that Eastern cities that perceive a
lesser urgency to act on their local climate tend to show lower
levels of CJA. Further, differently from the general model, we find
that receiving government financial support strongly (p <0.01)
explains CJA, and perceiving financial conditions as favourable
local features moderately (p<0.10) does so. The coefficient of
0.637 suggests that a one-unit increase in government financial
support is associated with an estimated increase of 0.637 units in
CJA, ceteris paribus. This entails that Eastern cities that receive
financial support are more prone to consider justice dimensions.
The coefficient of —0.340 suggests that a one-unit increase in
perceptions of favourable financial conditions is associated with
an estimated decrease of 0.340 units in CJA, ceteris paribus. This
complements the previous result, suggesting that cities that are
eligible for financial support are more prone to consider justice
dimensions. Overall, the regression analysis on Eastern cities
reveals that climate justice awareness is positively influenced by
the availability of governmental support in capacity building,
financial support, and project development/implementation,
while it is negatively influenced by the perception of a favourable
climate and mildly, financial situation. This suggests that equip-
ping Eastern cities with additional means and resources can be a
key way to ease the consideration of justice dimensions. Con-
versely, the result that cities get socially detached when feeling
secure (in terms of climate and financial risks) points to a need to
address security misperceptions and empowerment. Indeed, there
is evidence that Southern and Eastern cities—particularly those

12

ranking low in terms of capacity/GDP—tend to be less ambitious
in climate mitigation and to rely on exogenous systems (inter-
national climate networks, national government) to steer their
climate action (Salvia et al., 2021). This may entail that for these
cities, external forces define their capacity to co-tackle climate
justice.

With respect to policy implications, in Northern cities, where
economic development and low population density might
increase the complexity of decision-making, support in coordi-
nation might ease the consideration of social objectives in climate
action. Being more advanced in their adaptation policies, and
having a longer tradition of citizen engagement (Breil et al,
2018), most North-western cities are focused on abating the
hardest emissions (i.e., the last percentage points), hence a high
degree of coordination needs to be in place to remove residual
barriers (e.g., complex jurisdictions, unfavourable regulations).
Southern cities, which are at higher risks from negative social and
environmental consequences of climate change (Mavromatidi
et al., 2018), reveal a good potential to implement a social just
climate action, but this needs to be unlocked through empow-
erment measures. In Eastern cities, where paths defined by
institutional and historical legacies might still dictate an infra-
structural and economic divide (Urge-Vorsatz et al., 2018), more
immediate objectives might take over the consideration of social
objectives, unless cities receive dedicated external support.

Conclusions

Cities can be key agents of change in addressing global climate
change, being “natural” sites for innovative and experimental climate
action in a progressive direction. Cities themselves acknowledged
this role in Europe, as testified by the European Mission on 100
Climate-Neutral and Smart Cities, where 1004 cities committed to
pursue climate neutrality by 2030. However, even among the most
ambitious cities in climate mitigation, there might be considerable
heterogeneity in the scope of climate action. In particular, cities can
be loci of injustices, if they are not able to recognise how planned
climate efforts might generate or exacerbate forms of injustice in
their specific contexts. That is why, cities need to be justice-aware
when developing climate action.

Climate justice has increasingly gained momentum in the
academic and policy debates on climate change; however,
many have also debated its operational value. The few
investigations on the topic are based on a limited number of
cities and interpretative indicators. The main contribution of
this study lies in empirically uncovering the operational value
of climate justice in urban climate action, by evaluating climate
justice concerns in urban climate decision-making processes
and by identifying key areas that could lead to better
consideration of justice dimensions across European cities. We
demonstrate, via econometric analysis, a way to homogenously
evaluate the degree of justice awareness in climate action
planning, and to use this measure as a lever to guide and
course-correct city-level climate policy to simultaneously
pursue the climate change and social justice goals.

Drawing from the climate justice framework and a unique dataset
comprising responses homogenously elicited through a survey, we
created an indicator for climate justice awareness and assessed how
this can be predicted by climate engagement and a set of city-specific
factors. In particular, we used the data from 362 cities who expressed
interest in the Cities Mission, and used a PCA approach to develop a
climate justice awareness index inclusive of the procedural, dis-
tributive, recognition, and intergenerational justice pillars.

Correlation and regression results reveal that, regardless of the
geographical categorisation, cities’ climate justice awareness is posi-
tively influenced by climate engagement. This empirical evidence,
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new to the current literature, provides some implications for prac-
tice, as it shows that cities that are more engaged in addressing
climate change goals tend to design and implement their efforts by
co-targeting social justice goals. Moreover, our results offer addi-
tional novel insights into how some city-specific factors might act as
drivers and barriers to justice-considerate climate action.

Overall and for the first time to the best of the authors’
knowledge, this study sheds light on the positive relationship that
exists between engagement in climate action at the city level and
awareness of its social justice aspects, evaluated across its recog-
nitional, distributive, procedural, and intergenerational dimen-
sions. Embedding justice considerations into climate action
planning implies additional challenges and a higher degree of
integration and holism in urban planning and policy-making.
This is mirrored in the predictors for higher justice awareness
levels and is nuanced according to specific national character-
istics. The insights gathered through this analysis constitute a
solid baseline to improve our understanding of the drivers and
barriers to a just climate transition. They can legitimate and
inform ongoing climate mitigation frameworks at an interna-
tional and European scale, such as the UN-backed Race to Zero
campaign, that rally non-State actors to take rigorous and
immediate action to reduce global emissions and deliver a heal-
thier, fairer zero-carbon world in time. As engagement in climate
efforts tends to co-stimulate social justice goals, ongoing and
future climate agendas could capitalise on the results here pre-
sented to maximise the synergistic effect and to leverage the
territorial, economic, and socio-political predictors.

However, it is important to note that correlation and regression
analysis alone cannot establish causal relationships. Therefore, an
avenue for future research is to undertake comprehensive ana-
lyses to delve deeper into the associations uncovered in this study.
Future research could also involve exploring how each of the four
climate justice pillars are understood by urban decision-makers
and citizens by engaging in interviews with them. Such efforts
would contribute to the development of comprehensive climate
justice awareness indices that incorporate better the character-
istics of cities. Finally, we analysed a particular subgroup of
ambitious cities in climate action, at the stage of formulating a
vision to climate neutrality in the short haul. Future studies
should investigate the planned and implemented efforts of the
100+ selected cities, by assessing how climate justice is factually
integrated in their actions. Furthermore, as the Cities Mission
proceeds in its implementation phase, new knowledge and
experience will be generated on how to deliver just transforma-
tions within and beyond the city boundary. A fully fledged just
transition builds on values of territorial cohesion and multi-level
governance to legitimise the target and multiply the benefits.
Hence, best practices in multi-scale action and in tackling Scope
3/consumption-based emissions will be collected and guidelines
will be disseminated through the Mission in the attempt to era-
dicate “low-carbon illusions” and establish a paradigm of full
climate responsibility. As cities acknowledged in the EOI that
non-compliance with the principle of equal opportunities on all
levels throughout the transition will undermine its achievement,
it is expected that the Mission will catalyse the conceptualisation,
testing, and spread of new transition models to expand the
frontiers of climate justice across local-to-global networks of
production, consumption, and distribution.

Data availability
The datasets generated and analysed during the current study are
not publicly available due to confidentiality agreements.
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Notes

We take the log of GDP per capita to reduce the right skewness of GDP per capita
(values of GDP per capita are skewed around left tail). Another reason is that GDP per
capita is better considered on a multiplicative rather than additive scale (€1000 is
worth a lot more to a vulnerable than a rich because €1000 is a much greater fraction
of the poor person’s wealth)

Northern and Western cities have been pooled together as Northern cities were only
33; therefore, this number was not sufficient to conduct a separate regression model.

—

5]
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