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Abstract

The wide range of factors involved in environmental health and the complexity of interactions
between all environmental determinants require the validation of multidimensional approaches.
While the development of composite indices is receiving growing attention by scientists and public
authorities, the concept continues to lack transposability and robustness partly due to varying

conceptualizations and/or methodologies.

This review aims to promote harmonizing practices governing the first step of development of
composite index, namely identification and characterization of the dimensions and variables that are
included in environmental health indices. A review of available literature (more than 1,500 studies)
was conducted to identify the composite indices developed to assess territorial determinants from
an environmental health perspective. This process made it possible to identify 23 spatialized
composite indices and to assess a total of 329 variables. This diversity highlights that the absence of a
common framework can lead to a strong subjectivity and limit comparisons between different
environmental health indices. The specificity and the availability of certain variables would limit the

transposability of indices.

In light of current knowledge, this review proposes a consolidated methodological framework based
on a categorization of variables into dimensions and sub-dimensions related to heath, environment,
social, economics, services and policy. To characterize the sub-dimensions, several variables are
possible and can be chosen according to the availability and/or accessibility of the data. The
adaptation of a composite index to a specific territory or to a specific issue would then be effective
through the included variables. This also aims to be transposable to any spatial unit (country, region,

census tract).

This work is a first step towards a proposal of guidelines designed to provide a consensual framework
that could facilitate the exploitation of environmental health indices. This transparency could also

increase the understanding and adoption of these tools by public authorities and general public.
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Highlights

e Composite indices contain many variables and selection methods for specific needs
e The absence of a common framework leads to strong subjectivity

e ltis possible to harmonize dimension characterization practices

e Aframework is provided for selection of relevant variables for composite indices

* Anincrease in methodological transparency will improve interterritorial comparison
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1. Introduction

The WHO first tackled the environmental health issue in 1994 by defining the concept as follows:
“Environmental health comprises those aspects of human health, including quality of life, that are
determined by physical, chemical, biological, social, psychosocial and aesthetic factors in the
environment”. In its definition, WHO considers any health problems that are not caused by genetic
factors or due to individual choices. The idea of the environment therefore reflects the different
neighborhoods of populations and excludes the effect of individual behaviour and voluntary
exposition to factors such as alcohol consumption, smoking or unhealthy dietary habits. Although
these behavioural and individual factors are socially distributed, many studies suggest that other
factors could also contribute to explaining observed health inequalities (Saib, 2015). The health
status of populations is thus strongly influenced by complex interactions between all environmental
determinants, which are interconnected and evolve over time and space (Sarkar and Webster, 2017).
The environment, considered in this context to be the outdoor living environment, is characterised
by a number of determinants such as environmental quality (water, air and ground) and living
conditions (e.g. surroundings, access to healthcare) and by socio-economic parameters such as local
economic drive, social disadvantage and education. These different environmental determinants can
influence the health status of the population in a combined or sequential way. The environment is
currently the subject of increasing apprehension and concern (Scarwell et al., 2013), with a particular
emphasis on the possible impacts of environmental quality on health. These consequences are

difficult to characterize due to the many aspects that can be harmful or beneficial.

The wide range of factors involved in environmental health, the complexity of interactions and their
spatio-temporal variabilities all require the validation of multidimensional approaches that would
provide more than a simple aggregation of health determinants. One of the recognized methods to
explain a complex research problem and follow the evolution of a given phenomenon is based on the
creation of composite indices. A composite index is a mathematical combination of variables
reflecting one or more selected dimensions that are usually evaluated separatly (Nardo et al., 2005;
Nascimento and Carrage, 2007). It derived from quantitative or qualitative measurements obtained
from field observations (Freudenberg, 2003). In light of the wide range of methodological
approaches, the OECD has developed a guidance manual for evaluators, non-specific to
environmental health issues (European Commission et al., 2008). This manual confirms the interest
of grouping together different variables that measure the multiple facets of the phenomenon and
provide a picture of it. A spatial approach, that is the calculation of the composite index for each
spatial unit, can be added to provide a further level of information (Beale et al., 2008; Flacke, 2015).

A wider availability of spatialized data for the environment, health and population has led to an
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increase in the number of spatialized epidemiological studies. Composite indices are increasingly
recognized as a useful measurement tool for not only etiological approaches but also strategy and
policy development, and public communication by institutions (Cutter et al., 2010; Saib et al., 2015;

Saisana and Cartwright, 2007).

Although an increasing number of studies in the literature show interest in composite indices and
report on the growing demand for environmental health variables, a number of questions remain to
be answered, particularly with respect to methodological issues (WHO, 1999). Informative reviews
have been published on specific aspects of methodological constructions and concentrate on
mathematical aspects. The findings of these reviews provide guidelines for future environmental
composite indices, mainly in terms of the overall uncertainties linked to each step of the
methodology. Many focused on weighting and/or aggregation (Becker et al., 2017; Gan et al., 2017;
Greco et al., 2018; Wiréhn et al., 2015). Becker et al. (2017) highlighted the complexity of including
weighting in composite indices and presented tools to help developers investigate the effects of
weights. The main aim of these works was to propose a methodological framework or a means to
evaluate the qualitative aspects of the methodology used to develop composite indices. However, no
studies to date have considered the potential inclusion of data, as a carrier of information, for use in
composite environmental health indices. There is no recognized standard or internationally
recognized rule to determine the number and type of variables to be included in the quantification of
environmental health (He et al., 2018). The design of composite indices in environmental health has

to be optimized and induced variability must be mastered (Burgass et al., 2017).

To this end, this study analyses the literature to identify and characterize the dimensions and
variables that are included in environmental health indices. Our analysis will highlight (i) the diversity
of the published composite indices, but also (ii) the diversity of variables used in these composite
indices. For this purpose, a literature review on the 23 main papers dealing with composite indices in
environmental health was conducted. This work is a first step towards a proposal of guidelines
designed to provide a consensual framework that facilitates the exploitation of environmental health
indices. Their transposability and comparability regardless of the spatial scale were considered as

mandatory criteria. The availability or accessibility of data have also been given a special attention.

2. Materials and methods

2.1. Methodology for the selection of publications

An analytical framework was developed to ensure the exhaustive nature of this review. The article

selection methodology took place in two stages (Figure 1). First, a search with the keywords
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“environmental health” and “composite indices” was conducted on scientific databases (Wiley,
ScienceDirect, Google Scholar, Web of Science). In a second step, non-academic searches were
carried out on the Google search engine to find methodologies proposed by public authorities, which
were not indexed in the scientific databases. The present review summarizes the data published
before December 2018. Special attention has been given to the use of composite indices to assess
the possible spatial heterogeneity of exposure to the beneficial and harmful aspects of the

environment (Figure 1).

At the time this paper was written, a meticulous screening of the 1,551 initial studies was carried out.
The exclusion criteria were (i) studies with an abstract but no provision of the full article, (ii) studies
that developed non-spatialized indices, (iii) composite indices that do not include both health and

environmental data and (iv) composite indices that included behavioural variables.

Initial potential scientific publications " . _— ’
. i R Initial potential publications of public
dealing with environmental health authorities (n=118)
index (n=1433) -

Abstract without full article

Non-spatialized indices

L | Excluded articles
(n=1528)

Only one dimension taken into
account

Indices including behavioral

1NN

I

variables

Included scientific publications Included publications of public

(n=17) authorities (n=6)

\ !
|
Indices based on Indices based on objectified data and
objectified data data acquired through public opinion ——— included in a database
(n=21) surveys (n=2)

Fig 1. Results of the article search and outline of the entire article searching process for this systematic review

23 spatialized composite indices tested on different geographical perimeters or specific countries
met the inclusion criteria for our analysis. 73.9 % of composite indices were originating from
scientific teams, and 26.1 % from public authorities. 91.3 % were constructed using objectified data
from scientific measurements, 8.7 % based on objectified data and from public opinion data

collected through questionnaire surveys.

2.2. Classification of variables within dimensions
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A variable, which can also refer to an indicator in some studies although these two terms do not
overlap (Maggino, 2017), is linked to an observable phenomenon to which different measured values
can be attributed. A variable is a basic element permitting the understanding of a dimension. Several

variables may be needed to obtain a complete characterization of a dimension.

The dimensions partly reflect the determinants of health presented by Dahlgren and Whitehead
(1991), namely environmental, social, economic, housing and educational conditions, all recognized
as playing a role in health inequalities. These dimensions are not all systematically found within the
composite indices. The authors generally present a classification of variables within each dimension
before building the composite index. We observed that a given variable may be classified in different

dimensions by different authors, because of a possible overlapping between dimensions.

In order to provide an unambiguous reading of the distribution of variables within composite index
dimensions, an iterative process was used to categorize variables, based on the principle of greater
proximity between the information provided. Thus, the variables that are thematically related have
been grouped together within the same dimension and the analysis led to a six-dimensional
organization. The dimensions names (health, environment, social determinants, economics, services
and policy) are the most frequently mentioned in the literature and are in accordance with the work
of (i) Dahlgren and Whitehead (1991) on the determinants of health and (ii) Stiglitz et al. (2009) on

the quality of life.

The health dimension will include all variables related to health in general, but will also incorporate
information about resources that can be used to solve public health events in the study area. The
environment dimension will group together all aspects of environmental quality, the natural
characteristics of the spatial unit in question or the environmental hazards to which the populations
may be exposed. The social factors dimension will include any variable that characterizes the
population in terms of its integration, structure, sensitivity and social network, but will also consider
educational variables, as education is important for the quality of life regardless of its effects on
income (Stiglitz et al., 2009). The economics dimension contains any variable that characterizes
employability, economic drive and influence, and also the incomes and inequalities of populations in
the geographic area considered. The services dimension will include all variables that are linked to
regional development, population mobility and access to basic necessities and will also incorporate
variables for accommodation, a key factor in quality of life for populations (Lejeune et al., 2012).
Finally, the policy dimension will group together any measures concerning the civil rights and
liberties, environmental governance and investments made in the spatial units considered in these

studies.
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3. Overview of the spatialized composite indices in environmental health

3.1. Temporal dynamics

The use of spatialized composite indices is relatively recent. The first index to be recognized was the
Human Development Index (HDI) (UNDP, 1990), which was developed in order to “direct the
developmental economy through policies that are based on human capital rather than an evaluation
of national revenue” (WHO, 2012). It is one of the most widely used composite indices (Biggeri and
Mauro, 2018) and aims to measure the level of development of countries by considering: 1) health,
measured in terms of life expectancy at birth, 2) education, evaluated with the average duration of
scolarity, and 3) lifestyle, as proxied by the average gross income per capita. However, the use of this
index is considered to be questionable for the management of natural resources and insufficient for

human needs (Lasso de la Vega and Urrutia, 2001).

Environmental concerns progressively became a central element of socio-economic conditions,
leading to suggest that different environmental variables such as pollution or energy consumption
should be added to the HDI in order to improve it with a dimension for sustainable development
(Lasso de la Vega and Urrutia, 2001; Togtokh and Gaffney, 2010). In environmental health, interest
began in 2001 and the vast majority of composite indices which took both health and environment
into account were developed after 2009. One or more indices are repeatedly observed in the
literature every year. On how the harmful and beneficial impacts are taking into account, two types
of index construction are revealed: (i) unique indices that combine variables of negative impact and
environmental benefits (Braconnier et al., 2011; Kerényi, 2011; Pearce et al., 2010; Pearson et al.,
2013; Stewart et al., 2014; Zuindeau and Lipovac, 2009), or (ii) two independently constructed sub-
indices that permit the comparison of beneficial or harmful environmental issues (Estoque and
Murayama, 2014) or more generally any determinants that have a positive or negative impact on
territorial inequalities (Miller et al., 2017). Figure 2 shows the dynamics of publications based on

environmental health composite indices.
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Fig 2. Composite indices in environmental health, scientifics vs institutional bodies, published since 2001

3.2. Structuration, aim and exploitability of composite indices

Since 2001, environmental health composite indices have been developed by either the scientific
community or by institutional bodies, and have been improved with the addition of different
variables that make it possible to consider (i) the main criticisms of the HDI, and (ii) the multiple
factors that play a role in environmental health. Figure 3 illustrates this diversity of information,
showing the number of variables included in each dimension, as indicated by numbers in each line on
the graph. It does not take into account the effect of a possible weighting (between the variables

within a dimension) in the methodologies developed by the authors.
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Fig 3. Representativeness of the number of variables within dimensions

5 of the 7 indices that are composed of more than 30 variables describe all six dimensions. The RINZ
does not account for economic and political variables (Pearson et al., 2013), and the SPI does not

include economic variables (Porter et al., 2013).

The “health” and “environment” dimensions are systematically present, as required by the perimeter
of this literature review. The “social” dimension, including educational data, was found in over 90 %
of all the indices studied, while the “economics” or “services” dimensions that included
accommodation-linked data were found in 78 and 70 % of all the indices studied, respectively. The
“policy” dimension was only found in 56 % of all the indices analysed. The number of variables used
to describe a given dimension differs from one study to another and the conclusions of the authors

did not find this number to be related to the importance of the dimension within the index.

The variables that authors include in these dimensions are generally selected to solve the specific
research problematic for which the index was designed, without the use of specific methodological
framework that is reliable or recognized for the creation of composite indices for use in
environmental health. Consequently, each of these indices is situation specific and is difficult to

transpose and/or generalize.
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Table 1 summarizes the dimensions of each of the 23 composite indices, and specifies the number of
variables for each dimension concerned. The table also specifies the country where each index was
created, the spatial unit concerned, the aim of the study and the exploitability of the results. The
indices marked with an asterisk were developed by agencies or institutional bodies, the others were

described in the scientific literature.
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Table 1. Synthesis of studied indices

. Identified Number of Country of origin- Weighting of dimensions Aim
Indices . . . A ) o o Reference
dimension variables spatial unit of study within index Exploitability
Pollution-sensitive | Health 1 . . . .
- Evaluation and ranking of countries. The HDPI penalizes Lasso de la
Human Environment 1 . . . . . Vega and
- Spain. 165 countries None countries that achieved strong economic growth to the .
Development Index | Social 1 detriment of the environment Urrutia
(HDPI) Economics 1 : (2001)
Health 5
. Environment 41 Evaluation of a country’s capacity to efficiently preserve its
Environmental - . .
. . Social 3 USA, Switzerland. environmental resources over several decades and rank | Etsyetal.
Sustainability Index - . None .
(ES)) Economics 4 146 countries countries. A low score results from low performances for a (2005)
Services 2 high number of variables. A decision-making tool.
Policy 21
Cumulative Health 1
. - Comparison of additive and multiplicative methods to
Environmental Environment 2 USA. Census tract . . . . . . . Su et al.
. - Population weighted characterize inequalities and cumulative environmental
Hazards Inequality | Social 1 (Los Angeles county) (2009)
. - hazards.
Indices (CEHII) Economics 1
. L Health 6
Indice Participatif - . . . . .
de Bien Etre Environment 7 France. Three spatial Budget Allocation Process Spatial comparison and positioning of the results for | zuindeau
(IPBE)* Social 11 units (France, Nord (dimension with the strongest | evaluation of well-being in the three spatial units. Possibility and
L Economics 9 Pas de Calais region, weighting: employment or to monitor over time. Also designed to improve Lipovac
Participatory - . - - 2009
. Services 14 agglomeration) economy) communication and alert local authorities. ( )
welfare index -
Policy 1
Human Health 1 Evaluation and ranking of countries. Like the HDPI, the HSDI Togtokh
Sustainability Environment 1 Mongolia, Sweden. None penalizes countries that achieved strong environmental and
Development Index | Social 1 169 countries growth to the detriment of the environment. Strongly Gaffney
(HSDI)* Economics 1 correlated with the HDI (Bravo, 2014). (2010)
Health L Monitoring through ti d ison of the different
- onitorin rou ime and comparison of the differen
. . Environment 2 USA. 736 counties . & . & ) ) P )
Baseline Resilience - entities. An increase in the index corresponds to a higher
. Social 8 (Federal Emergency . . S Cutter et
Indicators for - None resistance to disasters through individual resources
o Economics 7 Management Agency . . - al. (2010)
Communities (BRIC) Servi 1 V) (resilience). Definition of priorities, measurement of
erf"ces progress, help in decision-making processes.
Policy 7
Multiple United Kingdom.
. P Health 1 & Study of how multiple environmental disadvantages impact
Environmental 10,654 census area . . . . . . . Pearce et
- L Population weighted health inequality. The index, and thus the inequalities,
Deprivation Index . statistics wards . : ) al. (2010)
Environment 10 increase with the north/south gradient.

(MEDIXx)

(United Kingdom)
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Table 1. Synthesis of studied indices (cont.)

Country of origin —

. Identified Number of . . Weighting of dimensions Aim
Indices . . . spatial unit of the o o Reference
dimension variables within index Exploitability
study
Health 2 Evaluation and ranking of regions. Identification of th
Indice de Bien Etre | Environment 5 Ya ua .|on an. ranking of regions. Identi |ca.|on o e
Régionale (IBER) Social 6 dimensions with the weakest results. Comparison of the B .
g' - France. 22 regions None IBER with other indices (HDI, SHI et GDP per capita). IBER raconnier
Regional welfare Economics 6 . . . . etal. (2011)
. - penalizes the regions with contradictory results between
index Services 2 : ;
- dimensions.
Policy 1
Health 2
. Environment 12 Evaluation of the cumulative effects of social and
Environmental - . . .
. . Social 5 USA. Census tracts environmental stress factors, shown by a high score; ranking | Sadd et al.
Justice Screening - . . None . . .. .
Method (EJSM) Economics 1 (Southern California) of spatial units to enable decision-makers to find more (2011)
Services 2 efficient solutions for cumulative negative impacts.
Policy 1
Health 2
Environment 2
Better Life Index Social 8 . Comparison of the performances of the different countries Kerényi
% - 34 countries None . . . .
(BLI) Economics 8 after adding further variables linked to well-being. (2011)
Services 2
Policy 2
Cl,!mulative Hea'lth 5 USA. Census block Study of cu'mulative'impacts designgd t<') help fa\uthorities 'by Huang and
Environmental Environment 5 . ., concentrating on units that have a high index, i.e. those with
I - group (California’s None . e . London
Vulnerability Social 4 San Joaquin Valley) the highest levels of vulnerability (in terms of environmental (2012)
Assessment (CEVA) | Economics 1 q y hazards and social vulnerability as a whole).
Social and Health 3 Study of the relations between urban conditions, lifestyles
. - Portugal. 15 L . . . - .
Environmental Environment 3 . Analytic Hierarchy Process and health events designed to identify the priorities for a | Monteiro et
. - neighbourhoods . s . . . .
Inequalities Index | Social 5 (Porto) (heaviest weighting: health) | strategy to improve the quality of urban life. A high index | al.(2012)
(SEN) Services 1 indicates high inequalities.
Health 3 New Zealand, United Identification and quantification for each spatial unit of the
Resilience Index Environment 6 Kingdom. 1,919 None characteristics that are linked to resilience, which is strongly | Pearson et
New Zealand (RINZ) | Social 11 census area units associated with the accessibility of certain structures. Can al. (2013)
Services 11 (New Zealand) be used by authorities to improve living conditions.
Health 1 Experts adjust according to
Environmental - . XP . Ju. ng Ranking of countries according to performance variables for
Environment 18 USA, Abu Dabi. 132 the relative importance of . . Hsu et al.
Performance Index - . . . ) all categories; and the performances of a given country are
Services 2 countries certain dimensions (heaviest . . (2013)
(EPI) - L . measured in relation to the goals.
Policy 1 weighting: ecosystem vitality).
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Table 1. Synthesis of studied indices (cont.)
. Identified Number of Country of origin- Weighting of dimensions Aim
Indices . . . . . o o Reference
dimension variables spatial unit of study within index Exploitability
Health 12 Measure performance, facilitate improvement, and seek
Environment 5 similarities and differences between countries. Compared
Social Progress Social 14 . with other indices, compensation between dimensions Porter et
% - USA. 50 countries None . S
Index (SPI) Services 8 changes the ranking. It seeks to prioritize investments and | al. (2013)
. strengthen the ability to implement life improvement
Policy 13 .
strategies.
Health 3 Ranking and comparison of provinces according to a socio-
Socio-Ecological Environment 8 ecological variable that considers the interactions between Estoque
Status Index{(gSESI) Social 3 Japan. 81 provinces None humans and the environment without favouring either of and
Economics 10 (Philippines) these dimensions (low correlation with HDI and HSDI). | Murayama
Services 6 Ranking of the provinces for all dimensions and sub- (2014)
Policy 2 dimensions.
Health 2 Evaluation of the links between social vulnerability,
Cumulative Environment 12 exposition to environmental hazards and access to
. - USA. 372 census ., . . _— .
Environmental Social 3 amenities. A high index indicates areas of high | Stewartet
tracts (Santa Clara None . . .
Impact Assessment | Economics 1 environmental hazards associated with low access to | al.(2014)
County) . .
(CEIA) . amenities. The results can be used to reform public health
Services 1 L.
policies.
Health 3 N Ranking of countries and analysis of their performances. A
. - Criteria Importance Through . ; - . .
Composite Index Environment 12 o . high index indicates better environmental quality Garcia-
: - . . Inter-Criteria Correlation . . . o ,
for Environmental | Social 2 Spain. 152 countries . . (influenced by growth and population density). Monitoring | Sanchez et
- (highest weighting: . . . o .. .
Performance (CIEP) | Economics 1 . over time is possible. Facilitates decision-making for | al.(2015)
- environment). . .
Services 2 environmental policies.
Comprehensive Health 1 S . Evaluation of the risks linked to health and the environment
. - . . Multi-Criteria-Decision- . . Lo " .
Risk Assessment Environment 11 China. 58 counties . across a wide geographical area. A high index indicates high-
. - . . Analysis . . e Zhang et al.
Indicators for Social 3 (Jiangsu province, , e risk zones that are affected by industrialization and
: - . (highest weighting: pressure ) ) . . A (2015)
Environment and Economics 2 Eastern China) and state indices) population density. Facilitates the creation of environmental
Health (CRAIEH)* | Services 1 and public health policies.
Health 1 . . . R .
- Comparison of countries and identification of their
- Environment 4 N . .
Net Vulnerability Social 3 individual strengths and weaknesses. The final index Angeon
Resilience Index Economics 10 France. 95 countries None combines all the information that reveals a country’s ability | and Bates
(NVRI) - to create resilience. A tool to provide advice for policy (2015)
Services 2
- needs.
Policy 9
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Table 1. Synthesis of studied indices (final section)
. Identified Number of | Country of origin — Weighting of dimensions Aim
Indices . . . . . o o Reference
dimension variables spatial unit of study within index Exploitability
Health 1 Ranking and comparison of counties according to a socio-
. . Environment 6 ecological variable that considers the interactions between Estoque
Socio-Ecological - . . . . . and
Social 2 Japan. 144 countries None humans and the environment. An increase in the index
Status Index (SESI) - o . . Murayama
Economics 1 indicates a higher status. Applicable and adaptable on a (2017)
Policy 1 scale from a province/region to an entire country.
Health 3 Identification, measurement and comparison through the
Environment 8 use of a resilience / vulnerability quadrant. The spatial units
Index of Resilience | Social 8 USA. 3.077 counties None are attributed to one of the four quadrants according to | Miller et al.
and Vulnerability* | Economics 10 o their resilience and vulnerability scores. Facilitates the (2017)
Services 12 elaboration of programmes to manage human and natural
Policy 4 threats.
Environmentally- Health 1 Ranking of countries. Results are similar for homogenous
centered Environment 1 countries (the countries with the highest CO2 emissions are | Biggeri and
Sustainable Human | Social 1 Italy. 50 countries None the most penalized); comparison of this index with the HDI Mauro
Development Index | Economics 1 and comparison of the new construction method that (2018)
(ESHDI) Policy 1 penalize heterogeneity with other aggregation methods.
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These 23 composite indices can be differentiated in several ways, thus shedding light on their main

strengths and limitations.

First, the number of variables included impacts the complexity of the composite indices. By providing
an additional environmental dimension to the three initial dimensions of the HDI, Biggeri and Mauro
(2018), Lasso de la Vega and Urrutia (2001) and Togtokh and Gaffney (2010) developed an index
construction methodology that is close to the reasoning behind the HDI, i.e. one variable per
dimension. This “minimalism” makes it possible to (i) improve the accessibility and/or availability of
variables that give opportunity of comparability across spatial units and across years, and (ii) simplify
the reading and understanding of measured phenomena. Etsy et al. (2005), Miller et al. (2017),
Porter et al. (2013) and Zuindeau and Lipovac (2009) integrated more than 40 variables within their
composite index. Their general objective was therefore to improve the representativeness of the
index by including a maximum of variables in order to characterize each dimension as well as
possible. These authors incorporated issues that were local in scope as well as those that were global
in scale. However, a large number of variables increases the probability that variables will not be
available for all the spatial units of the study area and the risk of strong inter-variable correlation

(Miller et al., 2017), which can complicate the development and interpretation of an index.

The authors’ choice of construction methodology varies according to the spatial unit that is being
considered. 10 indices were created on a nationwide scale, while 13 others considered a smaller
spatial unit. Of these 13, 4 considered an intermediate spatial unit (county, province, region). The 9

Ill

other composite indices were created for “small” spatial scales, i.e. census tracts or neighborhoods.
It has been shown that the use of a composite index must provide relevant information, regardless of

spatial granularity (Zuindeau and Lipovac, 2009).

The assignment of weights is not systematic. In the case where each dimension is weighted equally
and the number of variables is different within these dimensions, the integrated variables do not
necessarily have the same importance in the final composite index (Greco et al., 2018). In addition, if
two colinear variables are integrated within the same dimension, this dimension will therefore have a
greater weight due to the phenomenon of “double counting” (Greco et al., 2018). Becker et al. (2017)
underlined the importance of correlation phenomena on the assignment of weights, which can be
optimized to reflect the desired importance of a dimension. 16 of the 23 indices did not assign
weights during the aggregation process. This lack of weighting is justified in two ways: (i) this method
is transparent and easy to understand for potential users, and (ii) there is no adequate scientific
justification for a dimension having more weight than another (Cutter et al.,, 2010; Estoque and

Murayama, 2014; Porter et al., 2013). For Burgass et al. (2017), this lack of knowledge concerning the
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importance of one dimension with regard to another, or the reticence to prioritize one dimension

over another, even if the former is considered neutral, are in themselves a weighting decision.

The composite indices analysed could also be distinguished according to the authors’
recommendations as for the exploitation of their research results. In 13 of the 23 composite indices,
the authors consider that the results could be used for the development of public health or
environmental policies. They also underline that their indices are developed to meet the needs of
decision makers in terms of tools to identify, understand and monitor the phenomena occurring in
their territory, but also to allocate investments (Etsy et al., 2005). Of the 13 indices, 4 were
developed by agencies or institutions, of which only 2 mention a possible direct exploitation of
results (Miller et al., 2017; Zhang et al., 2015). This low number can be explained in two ways: either
the composite index developed was more an “experiment” requiring further improvement in the
light of identified limitations, or the index was developed by an agency that was not in a position to

implement new public and/or environmental health policies.

3.3. Identification of dimensions and associated variables

The analysis of the 23 indices made it possible to highlight the existence of sub-dimensions. Each
sub-dimension aims to bring an additional level in the description of a dimension. The variables used
to characterize each sub-dimension were justified by the spatial scale of the study, the level of
development, the availability or the accessibility of data. Table 2 presents examples of variables from

the 23 studied articles, these have been classified in the appropriate sub-dimenions.
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Table 2. Characterization of sub-dimensions and distribution of variables within dimensions.

Number of

Dimension Sub-dimensions | . . . Examples of variables References
identified variables
Biggeri and Mauro (2018), Braconnier et al. (2011), Estoque and
. . Murayama (2014, 2017), Garcia-Sanchez et al. (2015), Kerényi (2011),
Life expectancy at birth, at 60 and at 65 years of age Lassoyde la (Vega and U)rrutia (2001), Miller et :E\I. (2(317), Poz(e(r et a)l.
General (2013), Togtokh and Gaffney (2010), Zuindeau and Lipovac (2009)
population 9 General death rate Pearce et al. (2010), Garcia-Sanchez et al. (2015)
health Children death rate Hsu et al. (2013), Etsy et al. (2005), Garcia-Sanchez et al. (2015), Porter
et al. (2013)
Birth rate Zuindeau and Lipovac (2009)
Fertility rate Etsy et al. (2005)
Environmental . . Estoque and Murayama (2014), Huang and London (2012), Miller et al.
health Rate of low weight at birth (2013), Sadd et al. {2011)f SteV\zart et j. (2014), Su et(al. (23)09)
indicators or Rates of obesity Porter et al. (2013)
Health complementary 18 Death due to cardiovascular disease Porter et al. (2013)
indicators of Death due to HIV Porter et al. (2013)
general public Chronic Obstructive Pulmonary Disease rate Monteiro et al. (2012)
health Rate of hospitalisation for asthma for 0-19 year-olds Huang and London (2012), Estoque and Murayama (2014)
. .. Braconnier et al. (2011), Cutter et al. (2010), Miller et al. (2017),
Number of hospital beds or General Practitioners Pearson et al. (2013), Zhang et al. (2015), Zuindeau and Lipovac (2009)
Access to pharmacies Pearson et al. (2013)
Health care . . . o Estoque and Murayama (2014), Huang and London (2012), Miller et al.
facilities 8 Accessibility of all possible medical specialities (201q7), Pearson etZaI. (20(13), Pz)rter etgal. (2013) ( !
Accessibility of health care specialities Angeon and Bates (2015), Estoque and Murayama (2014), Porter et al.
(2013)
Accessibility of emergency services Pearson et al. (2013)
Angeon and Bates (2015), Biggeri and Mauro (2018), Estoque and
Greenhouse gas emissions Murayama (2017), Etsy et al. (2005), Gar'cfa-Sa'nchez et al. (2015), Hsu
Anthropogenic et al. (2013), Lasso de la Vega and Urrutia (2001), Porter et al. (2013),
pressure 16 Togtokh and Gaffney (2010)
Ecological footprint Estoque and Murayama (2017), Etsy et al. (2005), Porter et al. (2013)
Use of fertilizers and pesticides per hectare of arable | Etsy et al. (2005), Garcia-Sanchez et al. (2015), Huang and London
Environment land (2012), Stewart et al. (2014)
Fresh and/or underground water resources Etsy et al. (2005), Zhang et al. (2015)
Closeness to green spaces, parks and open spaces Monteiro et al. (2012), Pearce et al. (2010), Pearson et al. (2013),
Natural 23 ! Stewart et al. (2014)
resources Angeon and Bates (2015), Etsy et al. (2005), Garcia-Sanchez et al.

Access to energy or the production

(2015), Hsu et al. (2013), Porter et al. (2013)

Area of agricultural land

Garcia-Sanchez et al. (2015), Zuindeau and Lipovac (2009)
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Table 2. Characterization of sub-dimensions and distribution of variables within dimensions (cont.).

Dimension

Sub-dimensions

Number of
identified variables

Examples of variables

References

Environment

Number of endangered species (amphibians, birds and
mammals)

Etsy et al. (2005)

Monetary value for ecosystem services

Estoque and Murayama (2014)

Proportion or density, of the area that included

Angeon and bates (2015), Estoque and Murayama (2014, 2017), Etsy et

Biodiversity 10 al. (2005), Garcia-Sanchez et al. (2015), Hsu et al. (2013), Zuindeau and

protected zones .
Lipovac (2009)
Natura 2000 classified land, total area of ecologically Braconnier et al. (2011), Zuindeau and Lipovac (2009)
rich land
Total land artificialisation Braconnier et al. (2011)
Concentration of dissolved oxygen Etsy et al. (2005)
Electric conductivity Etsy et al. (2005)
Phosphorus concentration Etsy et al. (2005)
concentration of suspended solids Etsy et al. (2005)
Average nitrate concentration Zuindeau and Lipovac (2009)
Water quality 10 Proportion of good quality water Braconnier et al. (2011), Kerényi (2011), Pearson et al. (2013)
Percentage of the population that had access to a
water network served by water systems with at least | Miller et al. (2017)
one health-based violation
Data pertaining to the organic water pollutants Etsy et al. (2005), Porter et al. (2013)
Areas that suffer from water scarcity Hsu et al. (2013)
NOX, .NOZ: . emissions (jand/or concentrations, Etsy et al. (2005), Pearce et al. (2010), Su et al. (2009), Zhang et al.
population-weighted, per unit of area, per populated
(2015)

land area
SOZ.: emissions 'and/or concentra'ltlons, population Etsy et al. (2005), Hsu et al. (2013), Zhang et al. (2015)
weighted, per unit of area, exportations
PMa2s, PMio, TSP : average annual concentration, | Etsy et al. (2005), Hsu et al. (2013), Kerényi (2011), Pearce et al. (2010),

Air quality 26 population weighted or not Pearson et al. (2013), Sadd et al. (2011), Su et al. (2009)

Weighted annual average of the ATMO index

Zuindeau and Lipovac (2009)

Average number of days per year in areas where
ozone exceeds the safe threshold for human health

Braconnier et al. (2011), Sadd et al. (2011)

Indoor air pollution

Etsy et al. (2005), Hsu et al. (2013)

Carbon monoxide CO

Pearce et al. (2010)

Volatil Organic Compounds (VOC)

Etsy et al. (2005)
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Table 2.

Characterization of sub-dimensions and distribution of variables within dimensions (cont.).

Dimension

Sub-dimensions

Number of

identified variables

Examples of variables

References

Environmental

Percentage of the population living less than 10 miles
from a nuclear plant

Miller et al. (2017)

Proximity measures for different pollution sources
(industries, hazardous waste sites, transport

Braconnier et al. (2011), Huang and London (2012), Miller et al. (2017),
Monteiro et al. (2012), Pearce et al. (2010), Sadd et al. (2011), Stewart

Environment s.afety or 21 infrastructures, etc.) et al. (2014), Zuindeau and Lipovac (2009)
environmental - - -
. Models of noise from different sources (road traffic, . .
risks . Zuindeau and Lipovac (2009)
industry, ...)
Natural risks (flooding and earthquakes, amongst | Cutter et al. (2010), Estoque and Murayama (2014), Garcia-Sanchez et
others) al. (2015), Miller et al. (2017)
Numb f iati th ti f th
. um er. o. assoua. lons o e. Propor |c.>n © N Braconnier et al. (2011), Cutter et al. (2010), Miller et al. (2017),
Social network 5 population involved in these associations, social defense . .
. Zuindeau and Lipovac (2009)
organizations
Percentage of households that are considered | Cutter et al. (2010), Huang and London (2012), Miller et al. (2017), Sadd
linguistically isolated et al. (2011), Stewart et al. (2014)
Suicide rates, comparative suicide mortality index Braconnier et al. (2011), Zuindeau and Lipovac (2009)
Integration and 91 Violent crimes rates, homicide or criminality rate, | Braconnier et al. (2011), Estoque and Murayama (2014), Kerényi (2011),
anomie number of police officers per 10,000 inhabitants Miller et al. (2017), Porter et al. (2013), Zuindeau and Lipovac (2009)
Data related to ethnicit Huang and London (2012), Pearson et al. (2013), Sadd et al. (2011), Su
¥ et al. (2009), Zuindeau and Lipovac (2009)
Data related to immigration or migratory history Cutter et al. (2010)
Cutter et al. (2010), Huang and London (2012), Miller et al. (2017),
. Population Age-related data Monteiro et al. (2012), Sadd et al. (2011), Stewart et al. (2014), Zhang et
Social e 6
sensitivity al. (2015)
Part of the population with and without disabilities Cutter et al. (2010), Miller et al. (2017)
Biggeri and Mauro (2018), Cutter et al. (2010), Lasso de la Vega and
Literacy or scolarity rate Urrutia (2001), Porter et al. (2013), Sadd et al. (2011), Togtokh and
Gaffney (2010)
Number of individuals that have continued to higher | Braconnier et al. (2011), Cutter et al. (2010), Huang and London (2012),
education and/or obtained further qualifications Kerényi (2011), Zuindeau and Lipovac (2009)
Education level 18 Cutter et al. (2010), Estoque and Murayama (2014), Pearson et al.

Presence or distance to childcare facilities

(2013), Zuindeau and Lipovac (2009)

Presence or distance to schools, state schools and /or
higher education establishments

Pearson et al. (2013), Porter et al. (2013)

PISA score (Programme for International Student

Assessment)

Kerényi (2011)

309




310 Table 2. Characterization of sub-dimensions and distribution of variables within dimensions (cont.).
Dimension | Sub-dimensions | . N.u.mber 9f Examples of variables References
identified variables
. 3 Access to contraception, childcare Pearson et al. (2013), Porter et al. (2013)
Social resources - - ; — - -
Proportion of the population that received public aid Braconnier et al. (2011), Monteiro et al. (2012)
Rural / urban status Pearson et al. (2013), Zhang et al. (2015)
Social Population density Estoque and Murayama (2014, 2017), Garcia-Sanchez et al. (2015),
Urbanization 4 Monteiro et al. (2012), Pearson et al. (2013)
Number of accidents or victims of road accidents Braconnier et al. (2011), Zuindeau and Lipovac (2009)
Urban population growth Etsy et al. (2005), Garcia-Sanchez et al. (2015), Pearson et al. (2013)
Angeon and Bates (2015), Braconnier et al. (2011), Cutter et al. (2010),
Employment and/or unemployment rate Estoque and Murayama (2014), Kerényi (2011), Miller et al. (2017),
Employability 8 Zuindeau and Lipovac (2009)
Proportion of unstable contracts, insecurity rate of | Estoque and Murayama (2014), Kerényi (2011), Zuindeau and Lipovac
labour market (2009)
Rate <?f jOb- creation over three years and the company Braconnier et al. (2011)
deregistration rate
. L Etsy et al. (2005), Braconnier et al. (2011), Estoque and Murayama
Diversity and/or 15 Part of the population employed in different sectors (2014), Miller et al. (2017), Zuindeau and Lipovac (2009)
economic drive . . . Braconnier et al. (2011), Miller et al. (2017), Zuindeau and Lipovac
Company creation rate, delisting of companies (2009)
. Training offer for the unemployed Zuindeau and Lipovac (2009)
Economics - - - -
Diversity of job sectors Miller et al. (2017)
Equality of ) Rate of childcare for children under the age of three Braconnier et al. (2011)
sexes Proportion of women in the labour market Cutter et al. (2010)
Angeon and Bates (2015), Biggeri and Mauro (2018), Braconnier et al.
Income per capita, gross available household revenue, | (2011), Estoque and Murayama (2014, 2017), Garcia-Sanchez et al.
median income per consumption unit (2015), Kerényi (2011), Lasso de la Vega and Urrutia (2001), Togtokh
and Gaffney (2010), Zhang et al. (2015), Zuindeau and Lipovac (2009)
Incomes 8 D9/D1 ratio of income distribution, Gini Index Braconnier et al. (2011), Cutter et al. (2010), Miller et al. (2017)
Household savings Kerényi (2011), Miller et al. (2017), Zhang et al. (2015)
z:s:’;:;zn 0<:f r’r;cgfe F:gg:la:\ll;:e bbezl(l)ov\\:v i:i Eg\\;z:::// Estoque and Murayama (2014), Huang and London (2012), Miller et al.
! (2017), Sadd et al. (2011), Stewart et al. (2014), Su et al. (2009)
threshold
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Table 2. Characterization of sub-dimensions and distribution of variables within dimensions (cont.).

Number of

Dimension Sub-dimensions | . . . Examples of variables References
identified variables
Proportion of polluting goods and raw materials that had
. 7 been imported and the ratio of gasoline price compared | Etsy et al. (2005)
. Economic
Economics influence to the world average
5 Sums invested in private investments Angeon and Bates (2015)
Current transfers and transport costs Angeon and Bates (2015)
Access to the Proportion of home owners who occupy their main | Braconnier et al. (2011), Cutter et al. (2010), Miller et al. (2017), Sadd et
homeownership 3 dwelling address al. (2011), Stewart et al. (2014), Zuindeau and Lipovac (2009)
market Accessibility to affordable accommodation Porter et al. (2013)
Age of the dwelling Cutter et al. (2010), Miller et al. (2017), Monteiro et al. (2012)
Habitat Proportion of the population that lived in an
. 8 uncomfortable and/or overpopulated dwelling with the | Kerényi (2011), Zhang et al. (2015), Zuindeau and Lipovac (2009)
characteristics .
number of rooms per capita
Median value of the dwelling Sadd et al. (2011)
Percentage of the population with o without access to Angeon and Bates (2015), Etsy et al. (2005), Garcia-Sanchez et al.
&  poptifation with or Wi (2015), Hsu et al. (2013), Kerényi (2011), Miller et al. (2017), Porter et
. fresh water, electricity or sanitation facilities
Access to basic 7 al. (2013)
needs Distance from ambulance and fire services Pearson et al. (2013)
Prop'ortlf)n of the population with or without covered by Cutter et al. (2010), Miller et al. (2017)
medical insurance
Services A t bli
Vi ccessesrvci)cs; I 1 Number of places for seniors citizens in residential homes | Zuindeau and Lipovac (2009)
A ; Number of mobile telephone or internet contracts, digital | Angeon and Bates (2015), Estoque and Murayama (2014), Etsy et al.
. cces's ° access index (2005), Cutter et al. (2010), Porter et al. (2013)
information and 2 - -
L Proportion of population that had a telephone, number
communication . . Estoque and Murayama (2014)
of people with landline telephones
Number of kilometres of the public transport network per
citizen and the proportion of the road network that | Zuindeau and Lipovac (2009)
includes cycle paths
Length of main and secondary roads per unit of area Cutter et al. (2010), Estoque and Murayama (2014), Miller et al. (2017)
Mobility 8 Proportion of the population that worked in the same

employment area

Zuindeau and Lipovac (2009)

Proportion of the population that owned a vehicle

Cutter et al. (2010), Miller et al. (2017), Zuindeau and Lipovac (2009)

Proportion of the population who still reside in the state
where they were born

Cutter et al. (2010), Miller et al. (2017), Pearson et al. (2013), Zuindeau
and Lipovac (2009)
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315 Table 2. Characterization of sub-dimensions and distribution of variables within dimensions (final section)
. . . . Number of .
Dimension Sub-dimensions | . oo . Examples of variables References
identified variables
Presence or proximity of different infrastructures that had
Services Land use 14 a positive or negative effect on the phenomena studied | Braconnier et al. (2011), Cutter et al. (2010), Miller et al. (2017),
planning (cinemas, sports and leisure facilities, healthy and | Pearson et al. (2013), Zuindeau and Lipovac (2009)
unhealthy living infrastructures)
Political 1 Voting rate Cutter et al. (2010), Estoque and Murayama (2014), Kerényi (2011),
commitment Miller et al. (2017), Sadd et al. (2011), Zuindeau and Lipovac (2009)
Civil and Individual liberties (speech, assembly rights, religion, ...) | Angeon and Bates (2015), Biggeri and Mauro (2018), Etsy et al. (2005),
political rights 15 and tolerance Miller et al. (2017), Porter et al. (2013)
Individual property rights Porter et al. (2013)
Corruption, democracy or civil and political liberties ér;)g()e;;n and Bates (2015), Estoque and Murayama (2017), Etsy et al.
Integrity 2 Gowlernment efficiency (defined as the quality of public Angeon and Bates (2015), Etsy et al. (2005)
services)
Effectiveness of environmental governance, knowledge
. creation in environmental, technological and political | Etsy et al. (2005)
Environmental .
. 7 sciences
Policy governance Local Agenda 21 initiatives Angeon and Bates (2015), Etsy et al. (2005)
Number of environmental treaties Angeon and bates (2015)
P0|Itlca|. 1 Jurisdictional overlap Cutter et al. (2010), Miller et al. (2017)
fragmentation
Anticipate and Proportion of the population covered by protection Cutter et al. (2010)
plan > programs — - -
Country's ability to cope with any kind of threat Angeon and Bates (2015)
Share of expenditures for local services g%glzi?“;;;jefz}:zsl_ ((22%1157))' Cutter et al. (2010), Estoque and Murayama
Budget 5 Subsidies, including those for agriculture Etsy et al. (2005), Hsu et al. (2013)
Regional public spending Braconnier et al. (2011)
General government final consumption Angeon and Bates (2015)
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3.3.1. The “health” dimension

The number of variables included in the “health” dimension of the composite indices studied varies
from 1 for Angeon and Bates (2015), Biggeri and Mauro (2018), Hsu et al. (2013), Lasso de la Vega
and Urrutia (2001), Pearce et al. (2010), Pearson et al. (2013), Su et al. (2009), Togtokh and Gaffney
(2010) and Zhang et al. (2015) to 12 for Porter et al. (2013). The contribution of these variables to the
final index varies from 3 % (Angeon and Bates, 2015; Cutter et al., 2010) to 33 % (Huang and London,
2012).

For the measurement of general population health, the most frequently observed health variable is

life expectancy at birth, at 60 or at 65 years of age (47.8 % of studies). Death rate is also found in
works by Pearce et al. (2010) and Pearson et al. (2013). Hsu et al. (2013) used the child death rate to
develop the EPI while Etsy et al. (2005) used the death rates for infectious intestinal disease, for
deaths of children due to respiratory disease and the death rate for children under the age of five per
1,000 births in the “reducing human vulnerability” component. Mortality variables for children
and/or children under the age of five are sensitive variables that reflect recent changes in
environmental and economic conditions, and unlike adult deaths are less reliant upon the time
between exposure and the declaration of the illness (Sherrieb et al., 2010). Finally, some authors
mention the fertility rate (Etsy et al., 2005), to indicate social evolution when socio-economic,

political or health conditions improve (Fekete, 2018).

More specific public health events are sometimes mentioned as either environmental health

variables or complementary general variables of general public health. The Chronic Obstructive

Pulmonary Disease (COPD) rate was for example used as a health variable (Monteiro et al., 2012), as
the appearance and aggravation of this disease is affected by individual lifestyle, gene pool, general

state of health but also socio-economic or environmental factors.

Variables that give an idea of health care facilities can be used to complete the “health” component.

This information about resources can be used to meet the daily needs of the population or solve
public health events such as epidemics or terrorist attacks (Braconnier et al., 2011; Cutter et al.,
2010; Estoque and Murayama, 2014; Huang and London, 2012; Miller et al., 2017; Pearson et al.,
2013; Sadd et al., 2011; Zuindeau and Lipovac, 2009).

3.3.2. The “environment” dimension

The number of variables in the “environment” dimension ranges from 1 for Biggeri and Mauro
(2018), Lasso de la Vega and Urrutia (2001) and Togtokh and Gaffney (2010) to 41 for Etsy et al.

(2005). The contribution of these variables to the final index varies from 6 % (Cutter et al., 2010) to
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91 % (Pearce et al., 2010). The low availability of certain variables in some countries appears to be an
obstacle to obtaining relevant information (Braconnier et al., 2011). This may explain the imbalance

of representation and precision for this dimension in the indices studied.

In cases where just one environmental variable is considered, the variable that is used reflects
greenhouse gas emissions (Biggeri and Mauro, 2018; Lasso de la Vega and Urrutia, 2001; Togtokh and
Gaffney, 2010). This variable is one of the most representative variables of environmental damage,
and this data is already available for most countries (Lasso de la Vega and Urrutia, 2001). Angeon and
Bates (2015), Estoque and Murayama (2017), Etsy et al. (2005), Garcia-Sdnchez et al. (2015), Hsu et
al. (2013) and Porter et al. (2013) also used this variable to complement other environmental
variables. Estoque and Murayama (2017), Etsy et al. (2005) and Porter et al. (2013) also integrated
the ecological footprint within the composite indices they developed. The ecological footprint

monitors the combined impact of anthropogenic pressures that are more typically evaluated

independently (Galli et al., 2012) and tracks humanity’s demands on the biosphere (Estoque and
Murayama, 2017).

Regarding to natural resources, works by Pearce et al. (2010) established a link between the

presence of green spaces and beneficial effects on blood pressure, excess weight, obesity and self-
perceived health. Closeness to green spaces, parks and open spaces is also mentioned in a number of
studies (Monteiro et al., 2012; Pearson et al., 2013; Stewart et al., 2014). Access to green spaces
encourages physical activity (Humpel, 2002), provides psycho-social benefits (Pretty et al., 2005) and
communities with little access to green areas tended to be more socially disadvantaged (Comber et
al., 2008; Estabrooks et al., 2003). Zuindeau and Lipovac (2009) and Garcia-Sanchez et al. (2015)
considered the area of agricultural land in the environment dimension in order to evaluate the

negative effect of agriculture on natural resources.

The variables mentioned for the measurement of biodiversity are varied, although few indices
consider this issue. In their study, Estoque and Murayama (2014) used methods produced by
Costanza et al. (1998) and de Groot et al. (2012) to calculate the sub-index of biological integrity. A
monetary value for ecosystem services was attributed to each spatial unit studied, and this value
increased with the diversity and richness of the biome and ecosystem in question. The term
“ecosystem services” describes all direct or indirect benefits and services that ecosystems generate

or provide to individuals (Estoque and Murayama, 2013).

Other variables can be considered to provide information about the quality of the environments
within the area where the studied population live. Data for water quality were included by
Braconnier et al. (2011), Etsy et al. (2005), Kerényi (2011), Miller et al. (2017), Pearson et al. (2013),
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Porter et al. (2013) and Zuindeau and Lipovac (2009). To account for the possible evolution of
pressure on water bearing resources, data pertaining to the organic water pollutants or linked to
agriculture are sometimes mentioned (Etsy et al., 2005; Garcia-Sanchez et al., 2015; Huang and
London, 2012; Porter et al., 2013; Stewart et al., 2014; Zhang et al., 2015). The data used to
characterize air quality concern emissions and/or concentrations of different pollutants (SO, NO,
NOx, PM, CO, Os, VOC) (Etsy et al., 2005; Hsu et al., 2013; Kerényi, 2011; Pearce et al., 2010; Pearson
et al., 2013; Sadd et al., 2011; Su et al., 2009; Zhang et al., 2015).

Information about environmental safety or environmental risk were also used for the development

of a composite indice (Braconnier et al., 2011; Huang and London, 2012; Miller et al., 2017; Pearce et
al., 2010; Sadd et al., 2011; Stewart et al., 2014; Zuindeau and Lipovac, 2009). For example, density of
sources of burdens in each spatial unit studied, distance to industrial facilities or percentage of
population living in an “at-risk” area were included. Cutter et al. (2010), Estoque and Murayama
(2014) and Miller et al. (2017) also included natural risks in the “environment” dimension (flooding

and earthquakes, amongst others).

3.3.3. The “social” dimension

In order to interpret the interactions between variables and possible aggregations thereof, social
factors should be considered when studying the link between health and environment as variables
that are related to environmental exposure and play an important role in health inequalities (WHO,
2012). The number of variables integrated within the “social” dimension of the composite indices
studied varies from 1 for Lasso de la Vega and Urrutia (2001), Su et al. (2009), Togtokh and Gaffney
(2010) and Biggeri and Mauro (2018) to 14 for Porter et al. (2013). The contribution of these
variables to the final index varies from 4 % (Etsy et al., 2005) to 42 % (Monteiro at al., 2013). Angeon
and Bates (2015) state that many variables can be selected to characterize human capital, and for
Braconnier et al. (2011), this dimension has very varied and complex aspects which can lead us to
consider increasing numbers of variables. However, Angeon and Bates (2015) recommend the use of

data that can be interpreted without ambiguity.

To characterise the social network of the area studied, Cutter et al. (2010) state that the number of
associations or the proportion of the population involved in these associations should be included as
they make it possible to identify the relationships between individuals, neighbourhoods and
communities. Variables, defined in different ways (e.g. the percentage of households that are
considered linguistically isolated), were integrated to determine the social fragmentation that can
result from the population structure that can lead to a form of isolation (Huang and London, 2012;

Miller et al., 2017; Sadd et al., 2011).
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To account for social integration difficulties and anomie, suicide rates and violent crimes rates are

included as variables of community deterioration (Braconnier et al., 2011; Miller et al., 2017). Age-

related data are used to characterize population sensitivity in the studied area (Cutter et al., 2010;

Huang and London, 2012; Miller et al., 2017; Monteiro et al., 2012; Sadd et al., 2011; Stewart et al,,
2014). Social capital is also characterized by the education level of the population. An other aspect of

this “social” dimension concerns social resources related to population structure.

Several studies include data about the level of urbanization in their composite indices. Indeed, high

population density makes it possible to reduce transaction costs, improves the profitability of public
spending on infrastructure and services, and facilitates the production and dissemination of
information, all of which lead to economic growth (WHO, 2010). Rural / urban status, population
density, urbanisation ratio have therefore been used by Estoque and Murayama (2017), Garcia-
Sanchez et al. (2015), Monteiro et al. (2012), Pearson et al. (2013) and Zhang et al. (2015). However,
for Estoque and Murayama (2017), this variable was used as a proxy measure for vulnerability to risk.
Garcia-Sanchez et al. (2015) supplemented the information provided by population density by adding
urban population growth and Etsy et al. (2005) added the percentage difference in population

change between 2004 and the projection for 2050.

3.3.4. The “economics” dimension

The number of variables included in the “economy” dimension on the composite indices studied here
varies from 1 for Biggeri and Mauro (2018), Garcia-Sdnchez et al. (2015), Huang and London (2012),
Lasso de la Vega and Urrutia (2001), Pearce et al. (2010), Sadd et al. (2011), Su et al. (2009) and
Togtokh and Gaffney (2010), to 10 for Angeon and Bates (2015), Estoque and Murayama (2014), and
Miller et al. (2017). The contribution of these variables to the final index varies from 4 % (Sadd et al.,
2011) to 34 % (Angeon and Bates, 2015). This dimension was not considered for 26.1 % of the
studied indices (Hsu et al. (2013), Monteiro et al. (2012), Pearce et al. (2010), Pearson et al. (2013),
Porter et al. (2013) and Stewart et al. (2014)).

Within this dimension, the sub-dimensions of employability, diversity and/or economic drive of the

study area and the equality of sexes were characterized by different items. Amongst the variables

used in this dimension, incomes (income per capita, gross available household revenue, median
income per consumption unit) are mentioned. According to the spatial scale studied, the measure of
the statistical dispersion of income distribution (the Gini index) makes it possible to measure income
inequalities. To hightlight this sub-dimension, Braconnier et al. (2011) use the inter-decile ratio
(D9/D1) of income distribution. Kerényi (2011), Miller et al. (2017) and Zhang et al. (2015) also

consider household savings in their indices in order to reflect living standards.
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To characterize the economic influence of the studied area, Etsy et al. (2005) included the proportion

of polluting goods and raw materials that had been imported and also the ratio of gasoline price
compared to the world average. Indices created by Angeon and Bates (2015) incorporated sums
invested in private investments and current transfers as well as transport costs to account for

inefficient logistics.

3.3.5. The “services” dimension

The number of variables included in the “services” dimension of composite variables varies from 1
for Monteiro et al. (2012), Stewart et al. (2014) and Zhang et al. (2015) to 14 for Zuindeau and
Lipovac (2009). The contribution of these variables to the final index varies from 3 % (Etsy et al.,
2005) to 35 % (Pearson et al., 2013). Biggeri and Mauro (2018), Estoque and Murayama (2017),
Huang and London (2012), Lasso de la Vega and Urrutia (2001), Pearce et al. (2010), Su et al. (2009)
and Togtokh and Gaffney (2010) did not use any data that can be considered to be part of the

“services” dimension.

To provide information about access to the homeownership market, Braconnier et al. (2011), Cutter

et al. (2010), Miller et al. (2017), Sadd et al. (2011) and Zuindeau and Lipovac (2009) included the
proportion of home owners who occupy their main dwelling address, while Porter et al. (2013) used
accessibility to affordable accommodation within the studied area. In addition to these variables,

data is also provided about the habitat characteristics: the age of the dwelling (Cutter et al., 2010;

Miller et al., 2017; Monteiro et al., 2012), the median value of the dwelling (Sadd et al., 2011) or the
proportion of the population that lived in an uncomfortable dwelling (Kerényi, 2011; Zhang et al.,

2015; Zuindeau and Lipovac, 2009). Access to basic needs and public services is characterized by

variables that indicates the percentage of the population that had access to fresh water, electricity or
sanitation facilities (Angeon and Bates, 2015; Etsy et al., 2005; Garcia-Sanchez et al., 2015; Hsu et al.,
2013; Kerényi, 2011; Miller et al., 2017; Porter et al., 2013), by the number of places for seniors

citizens in residential homes (Zuindeau and Lipovac, 2009).

Access to information and communication was included in composite indices via the number of

mobile telephone or internet contracts (Angeon and Bates, 2015; Porter et al., 2013), while Etsy et al.
(2005) included digital access index. Cutter et al. (2010) considered the proportion of the population
that had a telephone, and Estoque and Murayama (2014) included data for the number of people

with landline telephones.

The mobility and the land use planning were also considered as sub-dimensions that should be

included in this dimension. Several studies include: the number of kilometres of the public transport

network per citizen and/or the proportion of the road network that includes cycle paths (Zuindeau
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and Lipovac, 2009), the length of main and secondary roads per capita (Miller et al., 2017), the
proportion of the population that owned a vehicle and the proportion who still reside in the state
where they were born (Cutter et al., 2010; Miller et al., 2017). The presence or proximity of different
infrastructures that had a positive or negative effect on the phenomena studied (cinemas, sports and
leisure facilities, healthy and unhealthy living infrastructures) have been also considered (Cutter et

al., 2010; Miller et al., 2017; Pearson et al., 2013; Zuindeau and Lipovac, 2009).

3.3.6. The “policy” dimension

The “policy” dimension was only found in 56 % of the studied indices. The number of variables
included in the “policy” dimension varies from 1 for Biggeri and Mauro (2018), Braconnier et al.
(2011), Estoque and Murayama (2017), Hsu et al. (2013), Sadd et al. (2011) and Zuindeau and Lipovac
(2009) to 21 for Etsy et al. (2005). The contribution of these variables to the final index varies from 2

% (Zuindeau and Lipovac, 2009) to 28 % (Etsy et al., 2005).

For several years now, the emphasis has been placed on the policy dimension (or governance), which
is considered to be an essential factor for environmental improvement (Etsy et al., 2005). When
building the SESI, Estoque and Murayama (2014) considered the governance dimension to be as
important as the environmental, social and economic dimensions. Angeon and Bates (2015)
considered this dimension to represent both the institutional framework and the institutional
capacity on a national level. However, the governance or policy is the least integrated aspect in the
studies considered. For Modica and Reggiani (2015), this dimension could show the ability of the

areas studied to implement operational plans or public investments.

Voter turnout can be seen as a proxy variable of political commitment, and may also indicate a

tendency to lose trust in the political regime and thus lead to instability (Fekete, 2018). A voting rate
was incorporated into many composite indices. However, the use of this type of variable as a variable
of voter turnout and commitment to political life should be adjusted according to each case. Indeed,
some countries such as Australia, Belgium, Brazil, Costa Rica, Greece or Turkey have a mandatory
vote that imposes fines on those who abstain for voting. In these countries, low abstention in the
vote does not necessarily show a greater commitment or participation in political life. Variables of

integrity and civil and political rights were also used. Porter et al. (2013) included variables for

individual liberties (speech and assembly rights) and tolerance, while Biggeri and Mauro (2018)
incorporated the composite indicator for civil and political rights developed by Freedom House.

Angeon and Bates (2015) and Miller et al. (2017) also used a variable of freedom.

In order to identify and quantify environmental governance, Etsy et al. (2005) incorporated variables

for the effectiveness of environmental governance, knowledge creation in environmental,
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technological and political sciences, or for local Agenda 21 initiatives in which governmental
competence strengthens the ability to monitor and respond to environmental challenges. Angeon
and Bates (2015) used the number of environmental treaties in their index. Cutter et al. (2010) and

Miller et al. (2017) incorporated variables to specify the political fragmentation of the geographical

areas studied, which was considered a source of vulnerability. Indeed, although jurisdictional overlap
may be a positive attribute in terms of the plurality of potential resources, the multitude of
jurisdictions raises the question how these entities can collaborate to attain their targets (Miller et

al., 2017).

Variables to measure the ability to anticipate and plan for certain hazards had been integrated in
some indices, and/or the proportion of the population covered by protection programs or the

country's ability to cope with any kind of threat.

Angeon and Bates (2015), Cutter et al. (2010), Estoque and Murayama (2014) and Miller et al. (2017)
incorporated a budget sub-dimension with the share of expenditures for emergency medical
services, social services, schools, firefighters or the police, whose efficiency depends on several

factors including communication, organization or their resources (Miller et al., 2017).

For each dimension, Table 2 shows that several sub-dimensions exist and can be integrated in the
index. To characterize these sub-dimensions, several variables are possible and can be chosen
according to the availability and/or the accessibility of the data. Consequently, it may be considered
to implement this structuring in dimensions and sub-dimensions as a transposable framework to
constitute a dataset. The adaptation of the index to a specific territory or to a local issue would then

be effective through the included variables.

4. Discussion

4.1.The subjective perception of certain concepts

Different appraisals can be observed concerning the definition of the variable or the impact (positive
or negative) of the variable on environmental health issues (Pearce et al., 2010; Pearson et al., 2013).
In the area of environmental health where there is an acute need of assessment method, certain
aspects as the complexities of human activities, environmental processes and human well-being
come together (Briggs, 2008). Since well-being values are not universal, it would be inappropriate to

include solely subjective variables. Each variable should be objective. However, as mentioned by
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Nascimento and Carrage (2007) and Stiglitz et al. (2009), it is acceptable for a life quality index to

incorporate both objective and subjective variables.

When the sensitive population group is used in environmental health studies, it is sometimes defined
as a group of individuals at an “extreme” age. Subjectivity here is thus dependent on the definition of
these age limits. Indeed, Huang and London (2012) and Sadd et al. (2011) considered the population
aged below 5 or over 60, whilst Stewart et al. (2014) defined them to be under 14 and over 65,
Shrestha et al. (2016) considered a population aged 6 to 11, and Miller et al. (2017) considered
sensitive populations to be those under 18 years of age or over 65 years of age. The conclusions of
these studies are difficult to compare because the populations concerned have different

characteristics (physiology, behaviour, exposure profile).

The impact of population migration on quality of life can be negative or positive. Cutter et al. (2010)
considered that net international migration had a negative impact on well-being, while Zuindeau and
Lipovac (2009) mention that the impact of the foreign population on well-being is perceived in
different ways according to the population concerned. For Sherrieb et al. (2010), demographic

changes or migration could indicate a stress on resources or a loss of human capital.

The effects of urbanization are equivocal in studies, and can be positive (access to infrastructure) or
negative (chronic stress caused by noise and respiratory problems related to road traffic) for human
health (Pearson et al., 2013). Cutter et al. (2010), Estoque and Murayama (2014) and Miller et al.
(2017) considered access to a road network to be beneficial for well-being through the connectivity
between territories, which provides easier access to services and infrastructures. However, road
traffic-related atmospheric pollution and exposition to noise may negatively affect the health of
populations living close to roads, although there is some uncertainty regarding the estimation of
population exposure (Host, 2013). Monteiro et al. (2012) included the density of the road network in
their study, as they considered this variable to be a factor that was at the origin of, or aggravated,

the public health event studied (COPD).

Population density is sometimes considered as an explanatory factor of the result, and sometimes as
a factor that directly impacts environmental health. Thus, Cutter et al. (2010) did not use population
density in the BRIC and the analysis of their results showed a bias that revealed an urban/rural
divide. Pearson et al. (2013) revealed unexpected results for regions that were characterized by a
high population density close to downtown areas, linking a good state of health with a higher social
deprivation index. The lower mortality rates could however be artificially low in these

neighbourhoods, as their inhabitants live there for shorter periods of time.
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The potential environmental benefits on health are widely accepted, especially in connection with
the presence of green spaces. However, characterizing the association between green spaces and
public health events seems to be complicated because it can vary considerably according to the
definitions used for “green spaces” (Klompmaker et al., 2018). There is also no consensus in the
literature regarding the measurement of access to green spaces when different distances are
involved (Stewart et al., 2014), with availability also playing a possible role in the notion of access
(Flacke et al., 2016; Kruize et al., 2014; Yao et al., 2014). Pearce et al. (2010) use the proportion of
the smallest area classified as green space and Monteiro et al. (2012) use the percentage of green
spaces in neighbourhoods. To elaborate their composite index, Pearson et al. (2013) mainly
considered the means of accessibility and distances to different types of structures and amenities,
which explains their inclusion of the distance to parks. However, none of these three studies specifies
the characteristics of these green spaces in terms of (i) size, (ii) availability or (iii) accessibility, which
could raise the question of the comparability of these variables. Stewart et al. (2014) chose to use
buffer zones, with different weighting according to the type of park: urban parks, which generally
had areas 0.05 miles?, had a lower weighting and a smaller buffer zone, whilst the county parks and
open spaces, which had areas of approximately 3 miles?, had twice the weighting of urban parks and
a buffer zone that was twice as large. These different interpretations of the “green spaces” variable

emphasize the importance of defining the subject of the evaluation precisely.

Within the “environment” dimension, certain authors also seek to evaluate the quality of the
environments in which the populations live, mainly using data related to air and/or water quality
(Braconnier et al., 2011; Etsy et al., 2005; Hsu et al., 2013; Kerényi, 2011; Miller et al., 2017; Pearce et
al., 2010; Pearson et al., 2013; Sadd et al., 2011; Su et al., 2009; Zhang et al., 2015; Zuindeau and
Lipovac, 2009). The ground is a support for human activity and absorbs types of pollution that can
expose human populations to health risks in more long-term manner than via occasional water and
air pollution. However, soil quality is only mentioned in composite indices in data for polluting /
polluted sites listed by Huang and London (2012), Stewart et al. (2014) and Zuindeau and Lipovac
(2009). A study by Panagos et al. (2012) notes the rarity of soil data, and states that any such data

were difficult or impossible to access, especially at the scales needed by policy makers.

4.2.Transposability and influence of the spatial unit studied

In our context, transposability can be defined as the possibility to successfully implement an index
outside the framework of study for which it was originally developed, for a different geographical
location (other territory), spatial unit (smaller or larger) and research question (i.e. different from the

initial question for which the index was developed). There are two possible principles of
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transposability. First of all, transposability can be considered stricto sensu, i.e. whatever the spatial
unit considered, it should be possible to calculate the composite index by using all the defined
variables and the chosen methodology (imputation of missing data, normalization, weighting,
aggregation). The use of transposability in this strict sense is rare because of the compatibility of the
index with the research question (Lasso de la Vega and Urrutia, 2001; Togtokh and Gaffney, 2010).
An alternative method would be to transpose the initial developed reasoning and the published
overall methodology to develop a new composite index in environmental health. The dimensions and
calculation methods are identical to the initial method used, and the variables are adapted to the
context of the geographical study area. Although less conservative, this method has less constraints
than the first and could thus be more widely accepted and used. The reflection conducted by each

author is then perceived as a support for a possible optimization.

The first limitation of transposability is the contextualization of the variables integrated into the
composite indices that were developed within a given territory. For example, some authors
examined the degree of telecommunications development, with Estoque and Murayama (2014)
using the number of land lines per 1,000 inhabitants in the Philippine administrative governance sub-
index. While this type of variable would be suitable for countries with the same level of technological
development, it would be more relevant to identify Internet access for other countries (Etsy et al.,
2005). In addition, certain representative national data (percentage of marae for Pearson et al.
(2013) or data relating to ethnicity for studies conducted in the United States) would only be suitable

in the context for which they were used.

A second limitation is the lack of accessible variables at the appropriate spatial scale (Maantay, 2007;
Rothenberg et al., 2015). Certains facets are characterized only at a global scale (i.e. national), and
not defined on a local scale. The use of a macroscopic index that was designed for use on a
nationwide scale for a smaller spatial unit is made difficult by the lack of data measured on a fine
scale (Cutter et al., 2010; Estoque and Murayama, 2014). For example, the PISA scores of 15-year-old
students in reading, mathematics and science are not available at the local town area scale.
Moreover, moving from a large unit to a more discriminating spatial unit may lead to the existing
data being subject to statistical secrecy for some data in examples such as the proportion of
agricultural area in organic farming in the total agricultural area on the municipal scale. Aggregating
these data at a higher level may resolve this problem and make it possible to disseminate
information at the smallest possible scale that respects the threshold of statistical confidentiality
(Branchu et al., 2018). Another phenomenon to consider is that what appears on one scale may
disappear on another (Hamman, 2011). So, it is important to assess how far the choice of spatial

scale can influence the research question for which it is being used (Rey et al., 2009).The first step
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when defining the geographical space to be considered is to choose the most suitable investigation

scale, giving it an operational socio-political dimension (Salem, 1995).

4.3.Recommandations and good practices

This review provide a complete overview of the variables included in environmental health indices
and consolidate the approach leading to the selection of variables. This proposal complements the
OECD’s thinking on composite indices construction (European Commission et al., 2008). The OECD
handbook provides comprehensive advices about how to design and develop a composite index,
without application domain specificity (Figure 4). This guide is mentioned as a reference by Angeon
and Bates (2015) and Garcia-Sanchez et al. (2015), Etsy et al. (2005) for their part refer to a version
published before 2008. Hsu et al. (2013) detail the entire methodology used to develop their

composite index, and their method is very close to that proposed in the OECD guide.

Theoretical framework
* Provide the basis for the selection and combination of single indicators

Selecting variables

* On the basis of their analytical soundness, measurability, coverage, relevance and
relationship to each other

Imputation of missing data

* Provide the missing patterns and selection of appropriate imputation methods

Multivariate analysis

e Investigate the overall structure of indicators (correlation) and assess
methodological choices to be made for weighting and aggregation

Normalisation of data

* Render the variables comparable

Weighting and aggregation

¢ According to the underlying theoretical framework and the data properties

Robustness and sensitivity

¢ According to, including or excluding single indicators, the normalisation scheme,
the imputation of missing data, the choice of weights and the aggregation method

Fig 4. Good practice for developing composite indices (inspired by (European Commission et al., 2008))

Authors must commit to a strict and explicit methodological framework that defines the criteria for
the inclusion of variables and spatial units. The challenge is to limit the impact of missing data on the
quality of the database used for the development of the composite index. This framework can also
be used as a basic structure to identify the most appropriate weighting and aggregation methods for

the research question concerned.
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The missing data profile must be specified in order to determine the most appropriate imputation
methods. Missing data can be a challenge when analyzing and interpreting the results, thus
weakening the final conclusions (Pedersen et al., 2017). Our analysis shows that within the 23
studies, 22 % of composite indices reported a problem of missing data in the development of their
database. The percentages attributed to the acceptability of missing data range from 0 to 41 %, and
there is no consensus on an acceptable percentage. The imputation methods are mentioned and/or
described in the publications. However, only one study mentions a “reliability/robustness” analysis

that also considered the results with and without the imputed data (Etsy et al., 2005).

70 % of the studied indices did not uses any weighting scheme. For the remaining 30 %, the
employed methods were the Analytic Hierarchy Process (AHP), the Budget Allocation Process (BAP),
the Multi-Criteria-Decision-Analysis (MCDA), the Criteria Importance Through Inter-Criteria
Correlation (CRITIC) or population weighted index. The recent review of Becker et al. (2017) showed
that there are problems with understanding and appropriating this step. The main difficulty of
weighting lies in the choice of the authors to give greater weight to variables considered important
regarding the question research, which can be in contradiction with more statistical approaches

(Burgass et al., 2017).

A sensitivity and robustness analysis is necessary in order to (i) identify the type of variation of the
composite index, and (ii) quantify the overall uncertainty that is inherent to the choices made during
the development of the methodology. This sensitivity analysis was performed for just over 13 % of
the indices (i.e., 3 indices), and only Cutter et al. (2010) considers the impact of missing data on the
results. According to European Commission et al. (2008), the development of composite indices
involves subjective evaluations of the selection of individual variables, the attitude towards missing

data, and the choice of weighting or aggregation models.

The selection of the variables must be made in the light of (i) their relevance in the literature, (ii)
their availability, and (iii) the robustness of the association of the data with health. The selection
criteria for the selection of the variables to be included are mentioned in 20 out of the 23 indices: the
selection of the variables reflecting the multiple facets of the environmental health was generally
based on an analysis of the literature. Beccari (2016) state that the availability of variables on the
desired geographic scale could even be the main selection factor as it is a major problem when

developing sub-national methodologies to measure and compare territories.

5. Conclusion
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This review aimed to identify and characterize the dimensions and variables that are included in
environmental health indices. This analysis led to the identification of 23 spatialized composite
indices that each answered a specific research question. A great diversity in the design of the indices
was highlighted: these composite indices could be included from 2 to 6 dimensions and from 4 to 76
variables. In this review, a total of 329 variables was assessed in a systematic way: this multitude of
variables demonstrates the need for classification and ordering of concepts. These indices had been
developed by scientific or institutional bodies, and the diversity of information used by these two
actors highlights the lack of consensus for an index that would be acceptable to both parties (Strezov
et al., 2017). The 23 composite indices were developed with the aim of characterizing the territorial
inequalities in health environment. The results comparability, between territories and even
sometimes within one same territory and their cross-discussion is limited given (i) the differences of

research question, and (ii) the wide variability of the methodological design.

This present work could be a first step towards a proposal of guidelines designed to provide a
consensual framework that could facilitate the exploitation of environmental health indices. We
recommended harmonizing practices in the selection and characterization of the dimensions and
sub-dimensions related to heath, environment, social, economics, services and policy. The proposed
framework aimed to take up the challenge of constituting a relevant dataset for the development of
a composite index in environmental health. It could be used as a basis to guide authors in their
choice to include or exclude certain variables and thus make interterritorial comparisons more

robust.

The quality of the definition and measurement of the variables will influence the quality of the
composite index developed. The definition is all the more important as the evaluation of certain
phenomena involved in environmental health is inevitably subjective. The research for the most
holistic view is important, for example through the integration of data on soils, that is still anecdotal.
The will of transposability regurlarly mentioned in the conclusions of the studied articles is limited by
the contextualization of certain variables (e.g. related to the degree of technological development of
the studied geographical area). Spatial granularity can be the source of specific problems, either
when selecting variables (accessibility and/or availability of data on a fine scale), or when developing
the index and carrying out the subsequent analysis (developed index without discriminating power at
the chosen scale). When selecting variables, authors have to pay close attention to the accessibility
of data related to their problematic and at the spatial scale considered. This practice sometimes
encounters local obstacles, an improvement in the culture of information sharing would make it

possible to optimize the characterization of territories.
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Control of uncertainties may be sufficient in some composite indices, but others may require
reworking in order to improve conclusions robustness. Only 5 studies mention the issue of missing
data. The explanation of their number and their mathematical treatment is however essential to
assess the reliability of the dataset. The weighting and aggregation steps, well known as crucial by
the authors and more broadly, are generally better explained. With the exception of Cutter et al.
(2010), none of them provided a sensitivity analysis, a step that can be used to assess the robustness
of composite indices. Presenting this step systematically would make it possible to remove certain

criticisms related to the unavoidable sources of uncertainties.

In view of these different aspects, it is therefore important that frameworks for variable integration
and index development methodology are clearly described in publications. This bid for transparency
could also increase the understanding and adoption of these tools by public authorities and general

public.
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Figure captions

Figure 1: Results of the article search and outline of the entire article searching process for this
systematic review

Figure 2: Composite indices in environmental health, scientifics vs institutional bodies, published
since 2001

Figure 3: Representativeness of the number of variables within dimensions

Figure 4: Good practice for developing composite indices (inspired by European Commission et al.
(2008))





