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A B S T R A C T

Urban green spaces provide cultural ecosystem services, and urban policies typically aim to enhance these
services by targeting new investments in deprived areas. The implementation of urban greening policies is one
way to reduce inequalities in well-being, for example by targeting areas where increased access to green spaces
will benefit citizens of low socioeconomic status. Most research has addressed the targeting of green infra-
structure development by considering income and access to green spaces, while few studies have considered a
multidimensional definition of well-being. The aims of this paper are to i) integrate inputs from the economic
and political philosophy literature to propose a broader definition of well-being, including health, education,
insecurity, and social relations; ii) develop a criterion to prioritise areas where urban greening would have the
greatest impact on well-being inequalities; and iii) apply this criterion to the Paris metropolitan area (Ile-de-
France region), a spatially heterogeneous region where areas deprived of access to green spaces are not sys-
tematically deprived in other dimensions. Our analysis shows that the city of Paris and the inner suburbs would
be targeted when considering inequality in access to green spaces only. The results differ when inequalities in
income or multidimensional well-being are taken into account, in which case the northern inner suburbs and
some outer suburbs become a higher priority.

1. Introduction

Urban greening has become a priority in urban planning policies.
Target 11.7 of the sustainable development goals (United Nations,
2015) states that cities have to “provide universal access to safe, in-
clusive and accessible, green and public spaces, particularly for women
and children, older persons and persons with disabilities” by 2030. In
that spirit, the city of Paris recently announced the creation of 4 urban
forests in the core of the city1 . Such public policies are motivated by
the growing recognition of the multiple contributions that urban green
spaces offer people. Accordingly, cities seek to increase access to green
spaces and design urban green infrastructure2 from which citizens de-
rive ecosystem services, including benefits in terms of physical and
mental health (WHO Regional Office for Europe, 2016) or social rela-
tions (de Vries et al., 2013; Campbell et al., 2016).

Urban greening policies have to rely on decision criteria. Most ex-
isting targeting criteria are based on the ”greenness” of the city, and the

indicator associated with target 11.7 of the SDGs focuses on areas with
a lower proportion of green space at a specific level (e.g., municipality).
The major planning document3 for the Ile-de-France region in 2013
suggested that at least 10m2 of public green space should be supplied
per inhabitant at the municipal level, and municipalities composed of
less than 10% natural space should be prioritised. However, such a
targeting approach could have mixed effects on existing inequalities
and give rise to different conclusions from an environmental justice
perspective.

Environmental justice concerns emerged in the 1970s in the United
States, based on the observation that deprived populations also ex-
perienced poor environmental quality. From the initial observation that
ethnic minorities were more exposed to industrial pollution (Chavis and
Lee, 1987), this literature later expanded its scope to the distribution of
environmental amenities, including green spaces. In many cities, access
to green spaces has been shown to be stratified based on income or
ethno-racial characteristics. This unequal distribution of green spaces

https://doi.org/10.1016/j.envsci.2020.03.017
Received 13 September 2019; Received in revised form 19 March 2020; Accepted 21 March 2020

⁎ Corresponding author.
E-mail address: tardieu@centre-cired.fr (L. Tardieu).

1 See www.paris.fr/actualites/des-forets-urbaines-bientot-sur-quatre-sites-emblematiques-6899, consulted on August 20, 2019.
2 According to the European Union (2013), green infrastructure is a “strategically planned network of natural and semi-natural areas (…) designed and managed to

deliver a wide range of ecosystem services” (p.7).
3 SDRIF: regional master plan for Ile-de-France.

Environmental Science and Policy 112 (2020) 47–60

1462-9011/ © 2020 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/14629011
https://www.elsevier.com/locate/envsci
https://doi.org/10.1016/j.envsci.2020.03.017
https://doi.org/10.1016/j.envsci.2020.03.017
mailto:tardieu@centre-cired.fr
https://doi.org/10.1016/j.envsci.2020.03.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envsci.2020.03.017&domain=pdf


and biodiversity is partly due to dynamic effects: green spaces make
neighbourhoods wealthier and more aesthetically attractive, increasing
housing costs and property values (Wolch et al., 2014). For instance,
Wolch et al. (2005) showed that residents of deprived areas in Los
Angeles have less access to green spaces. Landry and Chakraborty
(2009) found that city trees in Tampa, Florida, are unevenly dis-
tributed, exhibiting a pattern of discrimination against ethnic mino-
rities and low-income populations. Heynen et al. (2006) demonstrated
that greenness in Milwaukee, Wisconsin, is significantly positively
correlated with income and negatively correlated with the presence of
ethnic minorities. A pattern of higher biodiversity in affluent neigh-
bourhoods, termed the ”luxury effect”, has also been found globally
regarding plant diversity and canopy or vegetative cover (Leong et al.,
2018). In addition, there is evidence of a ”luxury effect” in North
America, Europe and New Zealand regarding the distribution of birds,
bats or lizards (Leong et al., 2018). In such cases, targeting green space
creation where such areas are lacking would reduce inequalities and
address equity concerns. There are cases, however, where wealthy po-
pulations also have less access to green spaces. We will show that the
Paris metropolitan area is one such instance. There, the development of
green infrastructure faces a trade-off between targeting areas with few
green spaces and targeting areas where the new infrastructure would
best contribute to reducing inequalities through the provision of eco-
system services to deprived populations.

Beyond diagnosis, few environmental justice studies propose a
prioritisation method that incorporates equity criteria in urban
greening investments. In a recent exception, Schaeffer and Tivadar
(2019) propose two spatial indices to measure environmental inequal-
ities in the French city of Grenoble, considering income and vegetation
cover4 . As a public policy criterion, they propose targeting the areas
where increasing vegetation cover would have the largest influence on
environmental inequalities. However, the idea that income alone can
adequately account for individual well-being has been challenged.
Following Kabisch and Haase (2014), we agree on the necessity to ac-
count for multiple socioeconomic characteristics of the population in
regard to urban greening investments. For instance, Kabisch and Haase
(2014) show that in Berlin, even if overall access to green spaces is
good, immigrants generally have lower access than the rest of the po-
pulation.

In this paper, we develop a new methodological approach that
identifies where urban greening would have the greatest impact on
well-being inequalities. In recent decades, some authors have argued in
favour of going beyond the typical indicators when addressing equity
issues by expanding the focus on material living conditions to a wider
notion of human well-being (Stiglitz et al., 2009). The Millennium
Ecosystem Assessment Consortium (Millenium Ecosystem Assessment,
2005) also developed a framework in which security, basic materials for
a good life, health, and social relations are the main dimensions of
human well-being and conditions for actual freedom of choices and
actions. Following the Stiglitz et al. (2009), we define ”well-being”
through multiple dimensions including material living conditions,
health, education, personal activities, political participation, social
connections and relationships, economic and physical insecurity and
environmental conditions, where access to green spaces is part of this
latter dimension.

Following Campbell et al. (2016), we contend that green spaces
significantly contribute to human well-being through cultural eco-
system services (CES), a category that has been shown to be difficult to
characterise and connect to decision-making processes (Gould et al.,
2019). The Millennium Ecosystem Assessment defines CES as the ”non-
material benefits people obtain from ecosystems through spiritual en-
richment, cognitive development, reflection, recreation, and aesthetic

experiences”. In the Ile-de-France, green spaces support multiple uses,
including activities such as practicing sports, relaxing or walking (Ta
et al., 2020). These uses provide, in turn, multiple non-material bene-
fits, including improvements in terms of physical and mental health (de
Vries et al., 2013, WHO, 2016), social relations (de Vries et al., 2013;
Campbell et al., 2016) or sense of place (Campbell et al., 2016).

Our methodology seeks to strengthen distributive justice in urban
greening decisions (Low, 2013). We first develop an index of multi-
dimensional well-being inequalities. Then, we simulate urban greening
actions that would increase access to green spaces for 100 inhabitants
in each census tract and identify the census tracts where urban greening
actions would decrease multidimensional inequalities according to this
index. Such an evaluation criterion could inform urban greening public
policies, in conjunction with efficiency and feasibility criteria.

We apply this methodology to the Ile-de-France region, roughly
corresponding to the Paris metropolitan area. This case study differs
from most case studies in environmental justice for two reasons. First,
most case studies concern United States cities, the spatial organisation
of which frequently differs from that of European cities (Brueckner
et al., 1999). In the Ile-de-France, areas with higher incomes are also
more densely populated and relatively deprived of access to green
spaces. As Faburel and Gueymard (2008) show, socioeconomically fa-
voured households are not systematically favoured in terms of en-
vironmental amenities and pollution. In Paris, Cohen et al. (2012) do
not find a ”luxury effect”: household income and species richness are
not positively correlated. This can be explained by the ”Haussmann
paradox”: upper social categories live in high-density districts with low-
density coverage. Second, our case study is extended to the scale of a
metropolitan region covering urban and rural areas. Half of the terri-
tory of the Ile-de-France is used for agriculture. Thus, there is some
heterogeneity in our study area that we would like to address via a
multidimensional definition of well-being.

We compare three decision criteria that may be used to target urban
greening. First, decision makers can target only those areas most de-
prived in terms of access to green space only. This is the current ap-
proach of the Ile-de-France region. Second, decision makers can target
areas by accounting for both inequalities in income and access to green
spaces. Third, they can target areas where the impact on multi-
dimensional well-being inequalities will be the highest.

2. Material and methods

2.1. The Ile-de-France case study

The Ile-de-France is the most economically active area in France,
accounting for 31% of the French gross domestic product. It is heavily
urbanised, concentrating a large number of inhabitants (12.2 million in
2018, 18% of the French population) in a relatively small area (12012
km2, less than 2% of the French metropolitan area). Overall, 50% of the
territory is used for agriculture, and 23% is covered by forests. Spatial
disparities exist between Paris and the inner suburbs5, which are
heavily urbanised and densely populated, and the outer suburbs6,
which are more rural (Fig. 1).

2.2. Measuring access to green spaces

We developed an indicator of access to public green spaces to indicate
whether each inhabitant has a green space near his or her home. For
each inhabitant, this indicator's value is 1 if there is a green space larger
than 1.5 hectares within 300 meters of his or her home and 0 otherwise.

4 Measured as the normalised difference vegetation index (NDVI) obtained by
remote sensing.

5 Inner suburbs: the three departments closest to Paris, i.e. Seine-Saint-Denis,
Hauts-de-Seine and Val-de-Marne
6Outer suburbs: the four departments farthest from Paris, i.e. Seine-et-Marne,

Val-d’Oise, Essonne and Yvelines
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The 300-meter buffer was chosen following the WHO report Urban
green spaces and health (2016). According to this report, 300 meters
correspond to a 5-minute walking distance, which guarantees access to
green spaces, even for children, elderly people, and those who do not
own a car. Because we are interested in CES, we consider only green
spaces larger than 1.5 hectares following Niemela et al. (2010), Cabral
et al. (2016), and Levrel et al. (2017), assuming that it is the minimal
size that allows uses such as engaging in sports, relaxing or walking.
This is consistent with existing studies: Coombes et al. (2010) indicate
that 2 hectares is the minimal size that makes green spaces suitable for
adult physical activity and report a significant relationship between the
access to parks larger than 2 hectares and the amount of physical ac-
tivity. We do not account for smaller green spaces, even if they con-
tribute to the overall greenness of the living environment and thus
provide some benefits, such as improved mental health (de Vries et al.,
2003). The WHO (2016) advises that only green spaces with free access
should be considered: private green spaces (private gardens) and semi-
private green spaces (parks with entrance fees, sports courts) are ex-
cluded.

Our indicator is consistent with existing policy recommendations.
Natural England recommends access to a green space larger than 2
hectares within 300 meters of home. The European Common Indicator
of local public open areas uses a criterion of a public open area larger
than 0.5 hectares within 300 meters of home.

This indicator is computed using the land use data in the Ile-de-
France produced by the Institut Paris Region with a 25-meter resolu-
tion. Land use is classified into 81 categories, including categories re-
lated to public green spaces and housing areas (Tables S1 and S2). We
consider ”public green space” to be categories 1 to 13, excluding in-
tensive arable land (categories 6, 9 and 10) because those areas are
rarely accessible to practice recreational activities. We also exclude
private green spaces (categories 14 to 25), cemeteries (category 26) and

grasslands associated with military fields, aerodromes or commercial
activities (category 27) because they do not allow recreational activ-
ities. Moreover, we exclude vacant lots (category 28): even if they could
allow for recreational activities after restoration (Anderson and Minor,
2017), their current quality and vegetation are in doubt. We regard
categories 29 to 36, except category 35 (prisons), as ”housing areas”.
The indicator of access to green spaces is computed for each spatial
polygon classified as ”housing area” and then aggregated at the census
tract level7, weighted by the population of the housing area8 .

We use the indicator of access to public green spaces as a first de-
cision criterion to target urban greening. However, such a targeting
approach raises equity concerns. It does not account for the socio-
economic characteristics of a population. Thus, it targets some popu-
lations that are already well off based on factors that include income or
education. In the United States, where low-income and multi-
dimensionally deprived populations are frequently deprived also in
terms of access to green spaces (Heynen et al., 2006; Landry and
Chakraborty, 2009; Wolch et al., 2005), targeting areas lacking green
spaces would potentially reduce inequality. However, in the Ile-de-
France, wealthy populations can also lack access to green spaces, which
is consistent with many European cities; thus, considering the criterion
of access to green spaces for urban greening targeting could benefit
wealthy populations and reinforce existing inequalities.

Fig. 1. Land use and land cover in the Ile-de-France (based on the simplified classification into 11 categories developed by Institut Paris Region).

7 in France, sub-municipal census tracts are called ”IRIS” (Ilots Regroupés
pour l’Information Statistique) and have a targeted size of 2000 inhabitants.
8 We multiplied their areas by the densities provided by the Institut Paris

Région (Référentiel de densités et de formes urbaines, 1995, Table S3).
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2.3. Measuring well-being inequality

2.3.1. Measuring individual well-being
Measuring individual well-being could follow various approaches,

with different underlying visions of a good life and how public policies
should treat individual preferences (Decancq et al., 2015). The di-
mensions included in our measure of well-being are chosen on the basis
of the Commission on the Measurement of Social Progress (Stiglitz
et al., 2009). Following the authors, individual well-being is under-
pinned by material living conditions (income, consumption and
wealth), health, education, personal activities (including work), poli-
tical participation and governance, social connections and relation-
ships, economic and physical insecurity, and the environment. The
commission recommends monitoring each dimension separately.
Therefore, our aim is to define indicators of each dimension.

Table 1 summarises the sources and scales of the indicators. Mate-
rial living conditions are captured by disposable income. Health is
captured by life expectancy. Following the commission, a higher edu-
cation rate, defined as the fraction of the population with more than a
secondary education, is considered intrinsically valuable. The un-
employment rate is used because Stiglitz et al. (2009) insist on this
indicator, and it is a proxy for both economic insecurity and social
connections and relationships. Political participation and governance
are captured by the electoral participation rate in the first round of
municipal elections. We chose municipal elections because Stiglitz et al.
(2009) recommend considering local voting rather than national elec-
tions9. Finally, we introduce two indicators for environmental condi-
tions. The first is the total number of environmental disamenities and
pollution experienced among five pollutions that have proven effects on
health (air pollution, noise pollution, soil pollution, water pollution,
and chronic pollution due to industrial activity)10. The second is an
indicator for access to public green spaces, as defined in section 2.1.
Because of a lack of relevant data, personal activities (quality of leisure
and working conditions) are not included in our multidimensional in-
equality index. Due to data availability, we work at the census tract
level and aggregate the data if needed. In the absence of information at
the census tract level, we attribute values at a broader scale.

The spatial distributions of the dimensions (Fig. 2) confirm that we
could not have restricted our analysis to a single dimension. Indeed,
even if there are some similarities between the spatial distributions of
the dimensions, they do not overlap. Areas where the median dis-
posable income is high are generally areas where education and life

expectancy are high. This observation is confirmed by Spearman cor-
relations (weighted by the population) of -0.78 between income and
low education rate (meaning that poorer populations are in general less
educated) and 0.51 between income and life expectancy. Overall, some
areas, such as the northern inner suburbs, exhibit accumulated in-
equalities in multiple dimensions. However, some dimensions show
different patterns. Environmental disamenities and pollution are con-
centrated in Paris and part of the inner suburbs, although those areas
are favoured with respect to many other dimensions. This finding is
again confirmed by Spearman correlations, as we find a significant
relationship between income and exposure to environmental dis-
amenities and pollution (+0.06).

2.3.2. Measuring well-being inequalities
Measuring well-being inequalities could also follow various ap-

proaches with different analytical and ethical foundations (Aaberge and
Brandolini, 2015). On the basis of the dimensions of well-being iden-
tified in section 2.3.1, we define a multidimensional well-being in-
equality index that is consistent with environmental justice concerns.
Specifically, we require the index to be sensitive to both the unequal
distribution of each well-being dimension between the individuals (e.g.,
unequal distribution of the access to green spaces) and their cumulative
impact on inequalities (e.g., the extent to which deprived population
also have little access to green space). To clarify further, we illustrate
this with a simple example with 2 persons and 3 dimensions of well-
being.

We start by introducing our example: in a reference situation, Anna
and Bob have different well-being levels. Anna earns a large disposable
income of 4,000 euros per month and can expect to live until 80 years
of age. However, she spends most of her time in a polluted urban en-
vironment. By contrast, Bob lives in the outskirts of the city. The quality
of his living environment is better, but he earns a low wage and is in
poor health, which is reflected by a lower life expectancy.

Reference situation Anna Bob
Income 4,000euros 1,600euros
Health 80 years 60 years
Environment 0.2 0.8

We first require the inequality index to decrease when well-being
levels are averaged on every dimension. This property is called the
uniform majorisation principle (Tsui, 1999).11 For instance, in situation 1,
well-being levels are averaged between Anna and Bob. Anna and Bob
keep 75% of their well-being levels in each dimension and give 25% of
them to the other individual. The uniform majorisation principle

Table 1
Indicators of the well-being dimensions

Dimension Indicator Source Scale

Material living conditions Median disposable income INSEEa (year 2015) Census tract
Health Life expectancy at 65 years ORSb (year 2013) Cantonc

Education Higher education rate INSEE (year 2015) Census tract
Personal activities No indicator available
Political participation and governance Electoral participation rate Ministry of the Interior (year 2014) City
Social connections and relationships Unemployment rate INSEE (2015 year) Census tract
Economic and physical insecurity Unemployment rate INSEE (2015 year) Census tract
Environment Environmental disamenities and pollution index Institut Paris Region (year 2016) 500*500-m grid
Environment Access to green spaces Institut Paris Region (year 2017) Census tract

a Institut national de la statistique et des études économiques.
b Organisation régionale de la santé.
c Territorial subdivisions of approximately 30,000 inhabitants.

9 ”Questions on local voting are often found to be more reliable and to display
higher variance than voting in national elections, probably because it is less
subject to 'social desirability’ response bias.”
10 This corresponds to an aggregated indicator computed by the Institut Paris

Region within each 500*500-meter cell using various sources (Airparif,
Bruitparif, DRIEE-IF, ARS Ile de France).

11 This principle is a generalisation of the Pigou-Dalton transfer principle
(Pigou, 1912; Dalton, 1920). In a unidimensional case, the Pigou-Dalton
transfer principle states that a transfer of income from a richer to a poorer
individual should be assessed as a reduction in inequality.
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requires that the inequality index decrease from the reference situation
to situation 1.

Situation 1 Anna Bob
Income 3,400euros 2,200euros
Health 75 years 65 years
Environment 0.35 0.65

We additionally require that the inequality index be sensitive to
cumulative inequalities. This is a central property, as environmental
justice claims start from the observation that the populations that ex-
perience a degraded environment are also disadvantaged on other di-
mensions of well-being. We require our inequality index to satisfy a
property called correlation-increasing majorisation (Tsui, 1999). This
property requires that any correlation-increasing permutation between

individuals of well-being levels on one dimension be assessed as an
increase in inequalities. This permutation corresponds, for instance, to
the change from the reference situation to situation 2, where the quality
of the living environment is permuted between Anna and Bob. Bob is
now bottom-ranked on all dimensions, while Anna is top-ranked on all
dimensions. The correlation-increasing majorization principle requires
that the inequality index increases from the reference situation to
situation 2.

Situation 2 Anna Bob
Income 4,000 euros 1,600 euros
Health 80 years 60 years
Environment 0.8 0.2

Following Kolm (1977), various multidimensional indexes of

Fig. 2. Spatial distribution of well-being dimensions in the Ile-de-France.
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inequality have been introduced. In the appendix, we review this lit-
erature to identify an index satisfying the two properties introduced
above. We select an index proposed by Bourguignon (1999) that sa-
tisfies both properties under specific parameter restrictions.

The computation of this index can be decomposed into two steps.
First, well-being dimensions, denoted by k, are aggregated into a one-
dimensional well-being level. This aggregation is performed through a
classic function that allows substitution between well-being dimensions
according to their relative weights, denoted by wk, and the substitut-
ability β between well-being dimensions. The smaller β is, the smaller
the substitutability between the dimensions12 . Then, the one-dimen-
sional well-being levels obtained are aggregated across the population.
The parameter α accounts for inequality aversion, and it reflects the
importance assigned to changes at the lower part of the distribution
relative to changes for individuals who are better off.

n
w x

w x
1 1 [ ( )]

[ ( ¯ )]
N K k

K k k

ik

(1)

where xik is the well-being of individual i on dimension k and x̄k its mean
value in the population N

We need to justify the weights on well-being dimensions. Similar to
the procedure used to compute the Human Development Index, we

choose to remain agnostic about the relative importance of well-being
dimensions and assign an equal weight to each dimension after a linear
standardisation such that the indices fall between 0 and 113 .

To maintain desirable properties, β must fall between 0 and 1 and α
must be positive and strictly lower than β. We opt for β=0.5 (imperfect
substitutability) and, following Lugo (2007), α=1/3. We will also
explore alternative options for the choices of α and β and their con-
sequences for the targeting of urban greening.

2.3.3. Targeting method
Given a set of potential urban greening projects, the targeting

method consists of computing the impacts of each project on individual
well-being and evaluating the overall impact on well-being inequalities
through the index defined above. This allows for the ranking of projects
according to their impact on well-being inequalities.

In the application, we consider a set of hypothetical urban greening
projects that give access to a green space to 100 additional in-
habitants14 and could be implemented in any census tract. We are
working at the level of the census tract, which means that all the in-
habitants of the census tract are assigned the demographic character-
istics of their respective census tracts and thus are considered similar. In
each census tract, we compute the multidimensional inequality index
before and after the hypothetical implementation of this urban greening
project. We can thus evaluate the impact of such an urban greening
project on well-being inequalities and rank the areas of intervention.

Fig. 3. Criterion 1 - Public access to green spaces. Aggregated at the census tract level.

12 As β→−∞, the dimensions are considered perfect complements, and in-
dividual well-being is tantamount to the worst dimension. When β=0, the
dimensions remain partial complements: a one-unit change on one dimension is
all the more valuable to the individual because he or she enjoys high levels of
well-being in other dimensions. When β=1, the dimensions are perfect sub-
stitutes: a unit change on one dimension can be perfectly offset by a unit change
in another dimension.

13 on weighting, see, e.g., Decancq and Lugo (2013)
14 Insee, Recensement de la population 2016.
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3. Application of different targeting criteria to the Ile-de-France

3.1. Targeting urban greening on the basis of a green space access criterion

Our first decision criterion is to target areas deprived of access to
green spaces. Only half of the inhabitants of Paris have access to a
public green space larger than 1.5 hectares within 300 meters of their
home, whereas almost 80% of the inhabitants of the outer suburbs do.
The inner suburbs are similar to Paris in this regard, with 57.1% of the
inhabitants having access to a public green space.

The spatial distribution of the indicator of access to green spaces
(Fig. 3) supports this view. Paris and the inner suburbs are densely
populated (20791 inhabitants per km2 in Paris and 8234 inhabitants per
km2 in the inner suburbs, compared to 477 inhabitants per km2 in the
outer suburbs) but deprived of access to green spaces, which is parti-
cularly true for the northern part of the city of Paris, Seine-Saint-Denis
(northern/eastern inner suburbs) and the north of Hauts-de-Seine
(western inner suburbs). In the outer suburbs, the rate of inhabitants
having access to green space is considerably higher, although this value
is heterogeneous in the eastern outer suburbs (Seine-et-Marne) and in
the very southern outer suburbs.

Thus, targeting areas with low access to green spaces implies tar-
geting urban greening in Paris and some inner suburbs. However, al-
though these areas lack access to green spaces, they are rich in other
dimensions (Fig. 2). Inhabitants of Paris are significantly wealthier and
more educated than inhabitants of the outer suburbs. Targeting the city
of Paris would mean favouring populations already favoured in other

dimensions, which could be deemed inequitable. To address these
concerns, we propose a targeting criterion that accounts for access to
green spaces and other dimensions of well-being.

3.2. Targeting urban greening on the basis of income and access to green
spaces

First, we compute our multidimensional index of well-being in-
equality with only two dimensions: access to green spaces and dis-
posable income. Then, for each census tract, we simulate access to
green spaces being given to 100 more inhabitants and recompute the
bidimensional inequality index. We can thus ultimately identify the
census tracts in which such a project has the greatest impact on in-
equality so defined (Fig. 4).

An advantage of this criterion over the access-to-green-spaces cri-
terion is that it allows prioritisation of the census tracts where urban
greening should be targeted. Indeed, the access-to-green spaces cri-
terion (section 3.1) establishes that in 15% of the census tracts (765
census tracts), no one has access to a green space. However, this cri-
terion does not help in selecting the census tracts to prioritise among
those 15%. By contrast, the bidimensional equity criterion determines
which census tracts should be top priority.

More important, the access-to-green spaces and the bidimensional
equity criteria target distinct census tracts. We compared the 15% of the
census tracts targeted as a priority by both criteria (for the access-to-
green spaces criterion, these areas correspond to the census tracts
where no one has access to green spaces). A 6% difference among

Fig. 4. Criterion 2 - Bidimensional inequality index. Aggregated at the census tract level.
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targeted census tracts is observed. Some income-rich census tracts are
targeted by the access-to-green-spaces criterion but not by the bidi-
mensional equity criterion. These census tracts are mostly located in
Paris, particularly in the west (8th arrondissement, 15th arrondisse-
ment). Conversely, some income-poor census tracts, mostly in the
northern inner suburbs, are targeted by the bidimensional equity cri-
terion but not by the access-to-green-spaces criterion. These census
tracts are mostly located in northern inner suburbs (Epinay-sur-Seine in
Seine-Saint-Denis, Clamart in Hauts-de-Seine).

As a consequence, the bidimensional equity criterion places lower
priority on Paris and the western inner suburbs that benefit from high
incomes. The northern inner suburbs remain a top priority, as they
exhibit low income and low access to green spaces, which is particularly
obvious in the cases of Seine-Saint-Denis (northern inner suburbs) and
the northern suburbs (north of Hauts-de-Seine, south of Val-d’Oise).
Some census tracts in the east of the eastern outer suburbs (Seine-et-
Marne) and in the south of the Ile-de-France (Seine-et-Marne, Essonne)
are also targeted because of the low income of their inhabitants and low
access to green spaces despite the rural context.

3.3. Targeting urban greening on the basis of a multidimensional well-being
equity criterion

We computed the multidimensional index of well-being inequality
with all our well-being dimensions, including access to green spaces.

We applied the same methodology as in section 3.2 to identify the
census tracts where an increase in access to green spaces has the
greatest impact on multidimensional inequality (Fig. 5).

The bidimensional and multidimensional well-being equity criteria
are very similar. Similar to the bidimensional well-being equity cri-
terion, the multidimensional inequality index targets the inner suburbs,
particularly the norther inner suburbs. Some census tracts in Paris are
also targeted with a high priority. Some census tracts in the outer
suburbs, particularly in the eastern outer suburbs (Seine-et-Marne), are
also targeted with a low priority.

Only 6 census tracts are targeted by the multidimensional inequality
index but not by the bidimensional inequality index. Therefore, six
census tracts are considered inequality-reducing by the multi-
dimensional inequality index but not by the bidimensional inequality
index, whereas 76 census tracts are targeted by the bidimensional in-
equality index but not by the multidimensional inequality index. Those
census tracts can be found throughout the Ile-de-France but are parti-
cularly numerous in the outer suburbs such as Seine-et-Marne or
Yvelines (Fig. 6). Indeed, compared to the Ile-de-France in general, the
census tracts targeted with the bidimensional criterion but not by the
multidimensional criterion are on average poorer and deprived of green
spaces, but they are favoured in other dimensions. In particular, they
have low rates of unemployment and low exposure to environmental
disamenities and pollution.

Fig. 5. Criteria 3 - Multidimensional inequality index. Aggregated at the census tract level.
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3.4. Substitutability and inequality-aversion parameters

We explored alternative options concerning the choice of the sub-
stitutability parameter β and the inequality-aversion parameter α. We
replicated our methodology, allowing β and α to vary from 0 to 1 in
steps of 0.05. For the census tracts targeted with our baseline criterion

(i.e., where urban greening would strictly decrease inequalities), we
checked that those census tracts were still targeted when β and α vary
(Fig. 7). For the census tracts not targeted with our baseline criterion
(i.e., where urban greening would strictly increase inequalities), we
checked that those census tracts were still not targeted when β varies
(Fig. 8).

Fig. 6. Census tracts targeted by the bidimensional inequality index and not by the multidimensional inequality index. Aggregated at the census tract level.

Fig. 7. Census tracts that are targeted with the baseline criterion - exploration of alternative options for α and β. Other census tracts are represented in grey.
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Our results do not depend on the choices of β and α. Indeed, 89% of
the census tracts targeted with our baseline criterion remain targeted
when considering at least 90% of the alternative criteria with different
β and α values. 72% of the census tracts that were not targeted with our
baseline criterion are not targeted considering at least 90% of the al-
ternative criteria with different β and α.

4. Discussion

The methodology developed in this paper offers a new tool to in-
corporate environmental justice concerns in urban greening invest-
ments. Despite the progress we offer in terms of methodology, further
research is still needed to improve the scientific, political and ethical
relevance of the index and associated policy recommendations.

First, the approach developed here essentially addresses this issue
through a distributive lens. However, in the definition of an equitable
distribution of public space, Low (2013) calls for a broader framework,
including a consideration of procedural and interactional justice. From
this perspective, our approach could be enhanced to include procedural
justice concerns. For instance, the properties and parametric specifi-
cation of the index and the choice of well-being dimensions could be
adjusted to reflect the actual judgments of inhabitants, involving dis-
advantaged social groups, which could be accomplished through survey
methods or group deliberations over a well-designed set of simple si-
tuations. Our approach thus paves the way for the enhancement of the
inclusive character of urban greening decisions and innovative forms of
public involvement.

Second, in this study, we compare the relative effects of urban
greening actions on the reduction of cumulative well-being inequalities,
but we do not consider their relative efficiency in terms of the magni-
tude of associated benefits for health and other non-environmental di-
mensions of well-being. A robust assessment of these effects would
provide a highly relevant complementary information that could also
have indirect impacts on the assessment of inequalities and be included
in the proposed multidimensional inequality index. Such insights would
be all the more relevant to this issue given that the benefits of green
spaces can often be of higher magnitude for deprived populations. For

instance, the WHO report Urban green spaces and health (2016) reviews
studies finding that the effects of green spaces on health are of higher
magnitude for deprived populations in England (Mitchell and Popham,
2008), the United Kingdom (Lachowycz and Jones, 2011), China (Xu
et al., 2017) and in Europe as a whole (Mitchell et al., 2015). Con-
ceptually, these considerations could be integrated into an overall as-
sessment by replacing the proposed multidimensional inequality index
with a multidimensional social welfare measure (see, e.g., Cowell,
2000). However, this would require further capacity to evaluate green-
space-related ecosystem services and a clear understanding of how in-
equalities are to be traded off against efficiency considerations.

Many alternative indicators have been proposed to measure the
natural features of the urban environment that generate ecosystem
services, such as the “greenness” of the living environment (Gascon
et al., 2016) or the number of street trees (Baró et al., 2019). The 300-
meter buffer is also debatable, especially in rural contexts where most
households own a car.15 Another option would have been to consider
that a census tract is deprived of access to green spaces if there is
neither a small green space close to the place of residence nor a larger
green space farther from the place of residence. The ”Plan Vert” (”Green
Plan”) of the Ile-de-France region adopts this kind of approach.16 This
approach would allow for a population that lives close to large urban
parks or forest to appear as favoured in terms of access to green spaces,
even if they do not fulfil the 300 meters/1.5 hectares criterion. How-
ever, given the lack of evidence on the relevance of one indicator in
particular, we have chosen to remain as general as possible, using an
intuitive and broadly used indicator. Development could be required to
improve the access-to-green-space index chosen in this study.

Fig. 8. Census tracts that are not targeted with the baseline criterion - exploration of alternative options for α and β. Other census tracts are represented in grey.

15 If fewer than 100 inhabitants in the census tract lack access to green space,
we simulate that all the inhabitants of the census tract are given access to a
green space.
16 The ”Plan Vert” considers a census tract to be deprived of access to green

spaces if there is neither a green or wooded area open to the public at less than
200 meters, nor a green space larger than 1 hectare to 10 hectares at less than
300 meters, nor a green space from 10 to 30 hectares at less than 600 meters,
nor a green space of more than 30 hectares at less than 1,200 meters.
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Further research could account for the quality of green spaces, as
the population's preferences regarding green spaces depend, for in-
stance, on the type of landscape or vegetation. A recent choice ex-
periment in the Ile-de-France (Ta et al., 2020) shows that citizens’
willingness to accept spending time travelling to urban nature areas
varies considerably according to their natural attributes (e.g., canopy
coverage, water). Refined indicators could also reflect the fact that the
benefits provided depend on the socioeconomic characteristics of the
population on the demand side. The same choice experiment shows that
citizens’ willingness to accept spending time travelling to urban nature
areas varies according to their socioeconomic characteristics. In a si-
milar vein, Cole et al. (2019) have shown that the health benefits
provided by green spaces depend on the socioeconomic composition of
the neighbourhoods: greater exposure to green space is significantly
associated with lower odds of reporting poor health but only for those
living in gentrifying neighbourhoods.

Some analyses could complement our well-being analyses. First, the
long-term effects of urban greening policies should be considered in
future research. For instance, “green gentrification” means that urban
greening may increase rents and attract wealthier residents to a pre-
viously polluted or disenfranchised neighbourhood. Examples of green
gentrification have been analysed in Barcelona (Anguelovski et al.,
2018) and New York (Wolch et al., 2014). The criterion we developed
also ignores current land uses. However, converting wasteland or
transport infrastructure would have different indirect impacts on well-
being. Further research is required to refine the spatial targeting of
urban greening by accounting for current land uses and targeting prior
land uses to transform into green spaces within the census tracts. We
could use our land use and land cover dataset to estimate the well-being
loss induced by urban greening in each census tract that considers the
current land use and compare those well-being losses to the well-being
gain caused by the increased access to green spaces. Approaches such as
optimal land use allocation given a set of objectives, namely the opti-
misation of ecosystem services delivery, can be considered a comple-
ment to our targeting proposition (Polasky et al., 2008).

5. Conclusions

Our study provides a new environmental justice case study in a

European context. In the context of dense European urban areas, the
rural areas close to the city centre are vital in terms of recreational
activities, such as outdoor sport and recreation, landscape aesthetics, or
nature conservation, but they are under high pressure due to the high
population density and urban development (see, e.g., Gant et al., 2011
for the case of London and its “green belt”). Thus, careful urban plan-
ning is required for the development of green infrastructure that is in-
clusive of the multiple related issues, including economic development
and social equity.

More important, this study provides a new methodological ap-
proach to integrate environmental justice concerns into spatial plan-
ning and green infrastructure development while accounting for the
multiple dimensions of human well-being with an explicit theoretical
basis.
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Appendix

0.1. A review of existing multidimensional inequality indices

This analysis presents and discusses the fairness properties of existing multidimensional inequality indices in order to motivate the choice of an
index on a sound basis.

0.1.1. Formal framework
We consider a population N. It is composed of n individuals denoted by i. Individual well-being is measured of a set K of k dimensions of

individual well-being denoted by j. For instance the first dimension could be individual income. A matrix =X x( )i N j Kij , describes a situation,
where +x ij corresponds to the value of the j-th dimension of well-being experienced by individual i. A multidimensional inequality index I
associates for any situation described by ++

×X n k a positive number I(X). The greater this number, the greater the inequality.

0.1.2. Properties
Properties convey the intuition about how to assess multidimensional inequalities. They are formalized as axioms to be imposed on indices.
Sensitivity to inequality-reducing transfers
This requirement conveys the very basis of what we mean by ”inequality”. With unidimensional individual measures of well-being, wealth for

instance, it roughly says that taking to a rich person to give to a poor person decreases inequalities. This is the intuition formalized by the Pigou-
Dalton principle, which plays a central role in the characterization of unidimensional inequality indices. When well-being is considered as multi-
dimensional, the generalization faces the difficulty of the ambiguous evaluation of transfer along a single dimension.

A possible generalization to the multidimensional framework states that, if a uniform mean-preserving averaging is carried out in all dimensions,
the resulting features lower inequalities. This property is called the Uniform Majorization principle (UM)18.

17 https://idefese.wordpress.com/
18 Tsui (1999), Decancq (2012).
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Formally, an index I satisfies CIM if and only if for all distribution matrices X and Y in ++
×n k, if for any n× n bistochastic matrix B, BX≠ X and BX

is not a permutation of X, then I(BX) > I(X).
Sensitivity to correlations
Many environmental justice concerns start from the observation that the populations that experience a degraded environment are also dis-

advantaged with regards to other dimensions. In France, the Commission for the measurement of social progress also recommended to account for
correlations among dimensions in the measurement of inequalities (Stiglitz et al., 2009). In order to reflect these concerns, the index chosen shall be
sensitive to correlation between dimensions of well-being.

Building on Boland and Proschan (1988), Tsui (1999) proposed the following requirement: a distribution shall be preferred to one in which the
distributional profiles in all dimensions are unaltered, but where the dimensions are permuted between individuals so that correlations between
well-being levels are reduced. This property is called the Correlation Increasing Majorization (CIM)19. While other, weaker, requirements have
been proposed in the literature20, CIM seems most in line with the central concern to avoid reinforcing cumulative inequalities.

Decomposability
Ideally, we would also like our multidimensional index of inequality to be decomposable across subpopulations (on N) and/or dimensions of well-

being (on K). This would ease the description and interpretation of the results.
In the literature, this requirement has mostly been imposed on subpopulations21. For instance Tsui (1999) defines ”decomposability” (DC) as the

possibility to decompose an index as a function of the same index computed separately on two subpopulations, the sizes of these populations and the
means of well-being levels in each subpopulation on all the dimensions of well-being. This corresponds to decomposability across subpopulations (on
N). In our case, this form of decomposability is appealing as it allows to investigate the relative role of a given subpopulation on inequalities and to
decompose the relative role of within-group and between-group inequalities in the overall assessment.

A similar requirement can be imposed across dimensions of well-being. ”Decomposability across dimensions of well-being” requires that the
index can be disaggregated as a function of unidimensional indices for individual dimensions and a measure of association between these dimen-
sions. This requirement was studied by Gajdos and Weymark (2005) who propose a set of indices which satisfy this requirement along with others22.

Robustness
Ideally, we would also like our multidimensional index of inequality to be robust to irrelevant changes in the description of a situation.
One first requirement is that the index shall not vary depending on the scale of measurement. For instance, income could be measured in dollars

or in euros. The ”strong ratio scale invariance” (SRSI) principle requires that for any multiplicative rescaling of units, the value of the index shall not
vary23. However, the practical relevance of such an invariance requirement was questioned by Bourguignon (1999). He emphasized the potential
relevance of multiplicative change in an attribute to the evaluation of multidimensional inequalities. Furthermore, in cases where welfare dimen-
sions are weighted through exogenous parameters, a change in unit could be offset by an adjustment of weights.

Similarly, we may be willing to impose invariance to translation. The ”strong translation invariance” (STI) principle requires that for any additive
re-scaling of well-being measures, the value of the index shall not vary24. Another requirement is that the index shall not vary when the population is
duplicated without changing the distribution of attribute. This requirement is called ”replication invariance” (RI)25. although it is intuitively ap-
pealing, the practical interest of these requirements is unclear.

Finally, another requirement is that small changes in the situation do not lead to abrupt changes in the index. This is the ”continuity” re-
quirement, which is satisfied by all the multidimensional inequality indices explored in the literature.

Summary
Given the intended use of the index, we require the index to satisfy the following set of properties:

• The uniform majorization principle (UM);
• The correlation majorization principle (CIM);
• Decomposability across subpopulations (DC).
In the next subsection, we present and discuss existing indicator with regards to these requirements.

0.1.3. Indices
Table 2 presents the main families of indices identified in the literature along with their known properties. Among the set of indices considered,

some approaches first aggregate sequentially individual well-being levels into a single value and then derive an inequality index of these values
(Maasoumi, 1986; Tsui, 1999; Bourguignon, 1999; Decancq and Lugo, 2012). Other first derives inequality indices on each dimension of welfare and
then aggregate these indices into a single index (Gajdos and Weymark, 2005; Decancq and Lugo, 2012). These two approaches do not exhaust the set
of possibilities. However, they reflects the state of the art on these indicators.

The properties required lead us to focus on the families proposed by Bourguignon (1999) and Tsui (1999) with accurate restrictions on para-
meters. For practical purpose, we choose the former family.

The definition of an index within this family requires to define the following set of parameters, while respecting specific constraints in order to

19 See Boland and Proschan (1988) or Tsui(1999) for a formal description.
20 For instance, Decancq and Lugo (2012) proposed the ”Unfair Rearrangement” (UR) principle. This principle requires that the any distribution is deemed more

equal than one in which the distributional profiles in all dimensions of well-being are unaltered, but where the rank of individual on well-being dimensions are
perfectly correlated.
21 See Tsui (1999) or Maasoumi (1999, axiom 5).
22 However, these indices which sequentially aggregate information across individuals before aggregating the information across dimensions, do not use the

information on correlations and fail to meet CIM.
23 See Tsui (1999) for a formal expression of this requirement. Decancq and Lugo (2012) also proposes a weaker version in which this robustness is only required

for a re-scaling of well-being measure by a common parameter. Such a requirement is of little interest in our case as it does not allow robustness in the choice of units.
24 Decancq and Lugo (2012) proposes a weaker version in which this robustness is only required for an additive re-scaling of well-being measure by a common

parameter. Such a requirement is of little interest in our case.
25 See Tsui (1999) for a formal expression of this requirement.

C. Liotta, et al. Environmental Science and Policy 112 (2020) 47–60

58



ensure the desired properties. Parameters and associated constraints are (i) weights wk on well-being dimensions, (ii) a degree of substitutability β
between them (with 0 < β < 1), and (iii) a degree of inequality aversion α (with α < β).

Appendix A. Supplementary Data

Supplementary data associated with this article can be found, in the online version, at https://doi.org/10.1016/j.envsci.2020.03.017.
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Table 2
Existing multidimensional inequality indices

Index Expression Properties Parameters Reference

Generalized entropy indices of individual
welfare +

+( ) 1N
ui
U

1
(1 )

1

=u w x[ ]i K j ij
1

U=∑Nui

UM
CIM
Decomposable on N

α (inequality aversion)
β (substitutability)
w (weights on K)

Maasoumi, 1986

Generalized entropy indices of well-being
dimensions

[ ( ) 1]n N K
x
xj

cjij
¯

UM
CIM if >c c 0j j
Decomposable on N

cj Tsui, 1999

Dalton indices of individual welfare

1 n
N K wjx

K wjxj

1 [ ( ij )]

[ ( ¯ )]

UM if α < 1 and β < 1
CIM if 0 < α < 1 and α < β
Decomposable on N

α (inequality aversion)
β (substitutability)
w (weights on K)

Bourguignon, 1999

HDI-like generalized Gini indices

1 K wj N a x

K wjxj

[ ( ij ij ) ]
1

[ ¯ ]
1

UM
CIM
Decomposable on N

aij
β (substitutability)
w (weights on K)

Gajdos and Weymark,
2005

Specific S-Gini indices

1 K wj N
r j
i

n

r j
i

n
x

K wjxj

[ ( [( ) (
1

) ] ij) ]
1

[ ¯ ]
1

UM if α > 1
CIM
Decomposable on N

α (inequality aversion)
β (substitutability)
w (weights on K)

Decancq and Lugo, 2012

Individualistic S-Gini indices

1 N
ri
n

ri
n K wjx

K wjxj

[( ) ( 1 ) ]( ij )
1

[ ¯ ]
1

UM if α > 1 and β < 1
UR under restrictive conditions on
α
Decomposable on N

α (inequality aversion)
β (substitutability)
w (weights on K)

Decancq and Lugo, 2012

Remarks:

• For clarity reasons, notations have been harmonized.• ∀j=[1, .. ., k], >w 0j and =w 1K j .

• =x xj̄ N N
1

ij is the average level of well-being on dimension k.

• xj is a permutation of x such that x x x...j j1 2 nj

• aij are such that a.j are increasing

• rj
i is the ranking of individual i according to well-being dimension j

• ri is the ranking of individual i according to =s w x( )i
K j ij

1
.
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