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Abstract: The distributive environmental justice approach focuses on analysing the spatial
patterns of environmental effects and identifying situations of inequality between different
social groups. These inequalities may be related to specific impacts or be the result of
accumulated benefits or harms to certain populations, the latter aspect being less investi-
gated globally and, in particular, in Latin America. This work aims to analyse the existence
of environmental injustices in the city of Montevideo (Uruguay). For this purpose, an
environmental quality index (EQI) composed of five subindices is proposed: pollution,
exposure to risks, health impacts, habitat quality and availability of green spaces, and their
relationship with the level of poverty is evaluated through descriptive analyses and spatial
regression models. The results reveal an inverse relationship between the cumulative
environmental quality and poverty level, this being especially marked in the subindices of
environmental pollution and habitat quality. In contrast, the availability of green spaces
presents a more favourable situation for the poorest groups of the population. This study
highlights the importance of analysing environmental injustices through multiple indicator-
based approaches and highlights the need to incorporate these perspectives into the study
of cities with high levels of segregation.

Keywords: environmental equity; environmental justice; cumulative impacts; spatial
analysis; indicators

1. Introduction

Since the late 1980s, the focus on sustainability (in terms of the global system’s car-
rying capacity) and the concept of intergenerational equity (the responsibility to protect
the environment for future generations) have been very relevant areas for research and
policy formulation on environmental issues (Gandy 2013; Pérez-Rincén 2018). However,
simultaneously, several perspectives have emerged emphasising intragenerational justice
and examining processes that could generate inequalities within the system (Bowen 2002
in Moreno Jiménez 2013). These approaches are based on the idea that there is no territory
that is sustainable as such, but that there are certain environmental and social processes
that affect some while benefiting others (Swyngedouw and Heynen 2003).

From this perspective, the approach of environmental justice emerges, which can
be understood from several dimensions, such as distributive, procedural, recognition- or
capability-based (Cook and Swyngedouw 2012). The distributive perspective analyses
the spatial patterns of the effects of the environment and the inequalities that these could
generate, according to social determinants such as economic situation, age, gender or ethnic
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origin, among others (Gandy 2013). This work focuses on this dimension, given that its
geographical component is key (Prieto-Flores et al. 2017), seeking to integrate Geographic
Information Systems (GIS) and data analysis techniques for the identification of territo-
rial patterns in disparities and provide knowledge for land planning and management
processes (Torok 2018; Qiang 2019; Bosisio and Moreno Jiménez 2019).

1.1. Ways to Highlight Environmental Injustices

The visibility of environmental injustice has historically been linked to social move-
ments, especially in Latin America (Cutter 1995; Sarokin and Schulkin 1994; Merlinsky
2017; Santos et al. 2019). However, since the emergence of this concept, academics have
worked on developing tools to measure such injustices. This poses a challenge, particularly
when it comes to assessing cumulative injustice, that is, that which results from the sum of
multiple simultaneous impacts, past and present (Burris and Canter 1997). As has been
proposed by other authors, e.g., Sadd et al. (2011) and Camacho Lorenzo et al. (2024b)
more recently, this line of research has been less developed. In the literature reviews carried
out by these authors, only 31 of 646 articles on the quantitative analysis of distributive
environmental justice developed between 2011 and 2021 addressed the impacts of two
or more environmental dimensions at the same time, evidencing a gap in the study of
inequalities in cumulative impacts on the population.

Advances have been made in this area thanks to studies carried out by authors such as
Sadd et al. (2011), Su et al. (2012) and Cushing et al. (2015) in cities in California, USA. The
first authors (Sadd et al. 2011) developed a method to detect environmental injustices by
analysing cumulative impacts and social vulnerability. Su et al. (2012), meanwhile, created
an index of cumulative environmental inequality focused on measuring the risks of air
pollution and thermal stress, while Cushing et al. (2015) used the CalEnviroScreen tool
to compare environmental risks and social vulnerability. Also in North America, Carrier
et al. (2016) constructed an environmental equity index for Montreal, Canada, considering
various aspects of the urban environment in relation to vulnerable population groups.

In Europe, studies by Morrison et al. (2014) analysed the relationship between indica-
tors of soil and air pollution and health and deprivation in Glasgow, UK. Flacke et al. (2016)
mapped health-related environmental inequalities in Dortmund, Germany, while Shrestha
et al. (2016) proposed a method to assess multiple environmental burdens and benefits, in
combination with social vulnerability variables, to identify critical areas in the same city.
Likewise, Hoelzl et al. (2021) analysed environmental justice in Berlin, Germany, consider-
ing different environmental indicators with regard to various socioeconomic groups from a
territorial planning perspective. In a specific approach for small island states, Portelli et al.
(2020) developed an environmental justice index for small islands, applying it to the case of
Malta through environmental and social variables.

However, the scientific literature shows that most of these studies are concentrated
in certain cities in North America and Europe, with less development in the global south
and Latin America (Ju et al. 2021; Romero-Lankao et al. 2013). Along these lines, Grineski
et al. (2012) conducted a hybrid analysis of environmental justice in the border cities
of El Paso (Texas, USA) and Ciudad Juarez (Chihuahua, Mexico), using climate change-
related indicators to study social inequalities linked to their impacts. Joseph et al. (2014)
analysed environmental injustice in Port-au-Prince, Haiti, assessing urban environmental
quality using Geographic Information Systems (GIS) and integrating various environmental
indicators through weightings.

In Latin America, the contributions of Fernandez and Wu (2018) stand out, who
developed a methodological framework with an environmental priority index. They
applied this method to address environmental inequities in Santiago de Chile. Also relevant
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are the approaches of Romero-Lankao et al. (2013), who analysed socioeconomic inequality
in exposure to environmental pollutants in cities such as Bogotd, Colombia; Mexico City,
Mexico; and Santiago de Chile, Chile. In Spain, the contributions of Moreno Jiménez et al.
(2022) are relevant, who applied similar approaches to Madrid and Barcelona.

In the case of Montevideo, Uruguay, although the local government includes the
environmental dimension as a central issue in the political agenda addressing solid waste
management, water and air quality, beach status and climate change, environmental justice
does not receive the same attention. Although there are numerous studies that have
identified the spatial manifestations of social inequalities in the city (Aguiar 2016; Couriel
2010; Veiga 2010), there is still a lack of a clear definition of disparities and injustices in
terms of environmental quality. Some studies have sought to analyse this issue, such as
Renfrew (2007), who tried, from a procedural perspective, to analyse the processes of
socio-environmental marginalisation based on the detection of cases of lead pollution in the
neighbourhood of La Teja, or Camacho Lorenzo et al. (2024a), who analysed the inequality
in exposure to risk during heat waves in the city. Beyond these advances, the number of
studies focused on measuring environmental justice in the city continues to be scarce.

Considering the relevance of advancing approaches that address accumulated impacts
on the population and seeking to contribute to their development in Ibero-American cities,
the objective of this work is to analyse the existence of environmental injustices through
the application of an environmental quality index (EQI) and its correlation with the social
determinants of inequality, taking the city of Montevideo, Uruguay, as a case study.

1.2. Area of Study

Montevideo, located south of Uruguay on the shores of the Rio de la Plata, is the polit-
ical and administrative capital of the country and its main urban centre, with a population
of 1.3 million inhabitants. According to the Directrices Departamentales de Ordenamiento
Territorial (Departmental Territorial Planning Guidelines), the city extends over 530 km?,
distributed in urban, suburban and rural land areas. Administratively, Montevideo is subdi-
vided into 8 municipalities; however, it is the neighbourhoods that represent the territorial
unit with the greatest roots in the population. The city comprises 62 neighbourhoods and
995 urban census segments (Figure 1).

For many years, Montevideo was considered an atypical city in the Latin American
context for its relatively high levels of quality of life and well-being. However, since the
1990s, new forms of inequality and social vulnerability have emerged, intensifying urban
fragmentation. This process has configured a socio-spatial structure where the highest
income sectors are concentrated in the eastern coastal strip, the lowest income sectors are
located in the periphery, and the middle class is more dispersed (Veiga 2010). By 2022, the
average income of the population of Montevideo reached 102,225 UYU /month, varying
significantly in areas: in the coastal strip, where neighbourhoods such as Carrasco and
Punta Gorda are located, the average values reach almost 200,000 UYU /month, while in
areas such as Paso de la Arena, Casab¢, Pajas Blancas and La Paloma, the average income
is around 65,000 UYU/month (Unidad de Estadistica 2024).

Along the same lines, 12.8% of the city’s population was below the poverty line in 2022,
with rates ranging from less than 1.5% in coastal areas to more than 20% in peripheral areas.
Unemployment stands at around 8.4%, with a minimum rate of 3.3% in the city centre and
a maximum of 14.6% in the northern periphery. This indicator is particularly high among
under-25s and women (Unidad de Estadistica 2024). In addition, according to the latest
national population census (2011), 8.5% of people lived in irregular settlements (INE).
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Argentina

Census segment

L [ Neighbourhoods
Urban area
[___1 Department boundaries
Num Neighbourhood Num. Neighbourhood Num. Neighbourhood

1 Ciudad Vieja 22 Ttuzaingo 43 Atahualpa
2 Centro 23 Union 44 Jacinto Vera
3 Barrio Sur 24 Villa Espafiola 45 La Figurita
4 Cordén 25 Mercado Modelo, Bolivar 46 Larrafnaga
5 Palermo 26 Castro, P. Castellanos 47 La Blanqueada
6 Parque Rodo 27 Cerrito 48 Villa Munos, Retiro
7 Punta Carretas 28 Las Acacias 49 La Comercial
8 Pocitos 29 Aires Puros 50 Tres Cruces
9 Buceo 30 Casavalle 51 Brazo Oriental
10 Pque. Batlle, V. Dolores 31 Piedras Blancas 52 Sayago
11 Malvin 32 Manga, Toledo Chico 53 Conciliacion
12 Malvin Norte 33 Paso De Las Duranas 54 Belvedere
13 Punta Gorda 34 Pefiarol, Lavalleja 55 Nuevo Paris
14 Carrasco 35 Cerro 56 Tres Ombduies, Victoria
15 Carrasco Norte 36 Casab0, Pajas Blancas 57 Paso De La Arena
16 Banados De Carrasco 37 La Paloma, Tomkinson 58 Colon Sureste, Abayuba
17 Marofias, Parque Guarani 38 La Teja 59 Colon Centro Y Noroeste
18 Flor de Marofias 39 Prado, Nueva Savona 60 Lezica, Melilla
19 Las Canteras 40 Capurro, Bella Vista 61 Villa Garcia, Manga Rur.
20 Pta. Rieles, Bella Italia 41 Aguada 62 Manga
21 Jardines Del Hip6dromo 42 Reducto

Figure 1. Neighbourhoods and census segments of the city of Montevideo and their situation in
Uruguay and the region.
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In the environmental field, Montevideo faces several challenges. The city’s waterways
are very fragile ecosystems, affected by pollution derived from discharges of industrial
effluents, urban solid waste and the existence of areas without sanitation. In addition,
informal occupation on the margins of these streams creates additional risks for the pop-
ulation, exposing them to higher levels of pollution and the risk of flooding. In addition,
soil contamination by heavy metals has also been detected in these areas (Intendencia
de Montevideo 2012). The management of urban solid waste represents one of the most
urgent environmental problems since its inadequate management has affected both the
quality of natural resources and the well-being of the population. Air quality in the city is
generally considered good since its location facilitates the natural dispersion of pollutants;
however, there are specific emission sources, such as the ANCAP fuel refinery, the “José
Batlle y Ordéfiez” thermoelectric generation plant and the La Tablada distribution plant, in
addition to mobile emissions generated by vehicle flow (Intendencia de Montevideo 2012).

Regarding environmental risks, urban fires and floods have a high probability of
occurring with significant impacts, either due to overflows of streams or problems in the
drainage of rainwater. There is also a high probability of storms, hailstorms and frost.

In addition, although less likely, high-risk events such as explosions may occur in
hazardous sites, such as the ANCAP refinery or the La Tablada plant. These locations
constitute a source of risk (Unidad Ejecutiva de Resiliencia 2019).

2. Materials and Methods

An approach is proposed that considers, on one hand, the environmental quality of
the city measured through an environmental quality index (EQI) and, on the other, its
comparison with the social determinants of inequality.

2.1. Selected Variables

The selection of environmental variables and social determinants was made based
on an exhaustive review of the literature in multidimensional studies of environmental
justice (Camacho Lorenzo et al. 2024b). Then, a survey was developed and disseminated
involving 41 experts in the field of environmental justice, as well as environmental and
social issues in Latin America. The objective of this survey was to obtain the prioritisation,
through a Likert scale, of each of the environmental variables and social determinants of
inequality. To construct the index, a hierarchical weighting technique was used that made
it possible to assign numerical weights to each variable and reflect the relative importance
of each of them (Roszkowska 2013).

From the available data, 19 indicators were constructed to measure the 11 selected
variables that were grouped into five dimensions of urban environmental quality: envi-
ronmental pollution, exposure to environmental risks, health impacts, habitat quality and
availability of green spaces. Table A1, available in Appendix A, presents the indicators used,
the spatial unit at which they were calculated, the source from which the data were obtained
and the source of the indicator, corresponding to their use in previous environmental justice
studies (indicator source).

To define the spatial limits of the analysis, the extension of the urban area defined by
the Instituto Nacional de Estadistica (INE) was considered, seeking to facilitate access to
and management of socio-demographic information (Figure 1). The data were obtained,
for the most part, from institutional repositories of local and national governments, as well
as remote sensing.
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2.2. Standardisation and Aggregation

A min—-max normalisation was applied to obtain a range of values between 0 and 1
in each of the variables, where 1 represents the most favourable environmental condition
and O represents the most unfavourable condition. In order to respect this condition,
variables constructed by negative environmental indicators, such as the percentage of
industrial areas or people without access to drinking water, were inverted. In contrast,
variables representing benefits (e.g., availability of green spaces) maintained their original
distribution. To avoid redundancies in the model, the correlation between variables was
evaluated, seeking to eliminate those that maintained a high or very high correlation,
using the rule of thumb as a reference for interpreting the size of the correlation coefficient
(Hinkle et al. 2003 cited in Mukaka 2012). The housing quality variable was eliminated as it
maintained a correlation of 0.71 with access to basic services.

The EQI was constructed hierarchically in three stages: (1) the aggregation of the
indicators to construct the variables (affecting access to basic services, quality of housing,
quality of public space and availability of green spaces); (2) a weighted sum of the variables
was made according to each dimension to generate 5 subindexes (environmental pollution,
exposure to environmental risks, impact on health, quality of habitat and availability of
green spaces) and (3) a weighted sum of each subindex was prepared with equal weight
(Figure Al). For the calculation of the index, two spatial units were selected: census
segments and neighbourhoods.

2.3. Statistical Analysis

To make easier the interpretation and analysis of results, spatial units were grouped
into three levels based on their environmental quality, ranging from the least favourable
environmental conditions to the most favourable ones. Tertiles (T) were used as the
classification criterion.

The spatial dependence of the indices was assessed through the calculation of the
Global Moran’s Index, one of the most widely used tools for this type of analysis. Detecting
spatial dependence is essential to determine whether the value of a variable in each obser-
vation is influenced by the values of neighbouring units, indicating the presence of spatial
relationships in the data. This approach is extensively employed in environmental justice
studies (Cardenas et al. 2020; Portelli et al. 2020; Rufat and Marciriczak 2020; Sanchez et al.
2013), as it enables the exploration of patterns in the spatial distribution of environmental
quality and their consideration when interpreting variable relationships.

For this analysis, a queen contiguity spatial weight matrix was created. This matrix
evaluates the adjacency of spatial units (census segments and neighbourhoods), assigning
a value of 1 to neighbouring units (in all directions) and a value of 0 to non-neighbouring
units. Additionally, segments with island effects were excluded.

The relationship between the environmental quality index (EQI), its subindices, and
poverty levels was analysed at the neighbourhood level, as the available poverty data
are not statistically robust at the census segment level. To explore these relationships, a
descriptive analysis was conducted using Pearson’s correlation coefficient to evaluate the
linear correlation between variables.

Subsequently, two spatial regression models were evaluated: the spatial lag model
(SLM) and the spatial error model (SEM). These models were applied to explain the relation-
ship between the indices and poverty while accounting for potential spatial dependence.
Spatial regression models are particularly suited for data with spatial dependence, as they
correct biases caused by spatial autocorrelation (Anselin 2001 cited in Chakraborty 2009).
These models have been widely utilised in environmental justice studies to identify factors
influencing environmental conditions (Chakraborty 2009; Carrier et al. 2016).
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Census segment level

The SLM analyses spatial relationships between the values of a variable within a
region and its neighbouring regions, while the SEM addresses potential biases introduced
by spatial relationships in the data without directly focusing on those relationships (Anselin
2001). In this study, both models were applied to determine which one fits the data better,
using the previously described spatial weight matrix.

3. Results
3.1. Environmental Quality

Figure 2 presents the results of the environmental quality index (EQI) calculated at
the census segment and neighbourhood levels for the city of Montevideo. In Appendix A,
the results of all five subindexes calculated for each spatial disaggregation are provided
(Figure A2).

Environmental quality
D T1 - Worse EQI
[ ] - Medium e
[ m-setter e

Neighbourhood level

r’b/l b

Figure 2. Environmental quality index (EQI) according to census segment and neighbourhood level.

On a general scale, environmental quality levels do not show great differences between
the most and least favoured areas, with values ranging between 0.5 and 0.9 in most cases.
Regarding the distribution of the index at the census segment level, the environmental
quality index (EQI) shows a more favourable distribution in coastal areas and those near the
periphery, an intermediate distribution in central areas, and a less favourable distribution
in the city’s bay area and certain peripheral zones.

At the neighbourhood level, the best results in terms of environmental quality are
concentrated in the coastal neighbourhoods, such as Carrasco, Punta Carretas and Parque
Rod6 (Figure 3c), while the worst environmental conditions are recorded in the La Teja, La
Paloma-Tomkinson and Tres Ombties neighbourhoods (Figure 3a). This situation can be
explained by different reasons, such as proximity to contaminated waterways such as the
Pantanoso stream in the case of La Paloma-Tomkinson and Tres Ombties, or the presence
of oil refining activities in La Teja (Figure 3b).

Analysing the spatial dependence of the results reveals that environmental quality
exhibits high levels of spatial correlation at both the census segment and neighbourhood
levels. This indicates that the environmental quality of a spatial unit is significantly
influenced by the environmental quality of its neighbouring units. Furthermore, this pattern
is also reflected in several subindices that compose the EQI, particularly in dimensions
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such as environmental pollution, exposure to environmental risks, habitat quality and the
availability of green spaces (Table 1).

g e

e e : ! ——
=Rl TR

(b)

Figure 3. Photographs of the neighbourhoods at the extremes of EQI. (a) Housing near the Pantanoso
stream in Tres Ombtes neighbourhood. Source: Google Street View. (b) Refinery over the city’s bay
in La Teja neighbourhood. (c) Housing in the Carrasco neighbourhood.

Table 1. Global Moran’s Index for the EQI and subindexes at neighbourhood and census segment levels.

EQI Environmental Exposure to Health Habitat  Availability of

Pollution Environmental Risk  Impacts Quality Green Spaces
Census segment ~ 0.522 ** 0.660 ** 0.692 ** 0.038 * 0.524 ** 0.551 **
Neighbourhood  0.573 ** 0.667 ** 0.565 ** 0.419 ** 0.714 ** 0.731 **

* p value < 0.1, ** p value = 0.001.

3.2. Environmental Justice Analysis

The correlation analysis between the EQI and the poverty level of the population
(Table 2) reveals a significant negative relationship (—0.59), indicating that higher levels of
poverty correspond to worse environmental conditions. However, Table 2 also presents the
correlation between the poverty level and the subindices that compose the index, which
shows differentiated patterns of behaviour. Environmental pollution and habitat quality
exhibit the strongest negative correlations between the dimensions analysed (—0.57 and
—0.62, respectively), suggesting that poorer areas of the city could have higher levels of
pollution and worse habitat quality. On the other hand, exposure to environmental risks
does not show a significant relationship with poverty, while health impacts have moderate
negative and statistically significant correlations (—0.35). In contrast, the availability of
green spaces is the only dimension with a positive correlation (0.36), suggesting that areas
with greater access to green spaces are associated with higher levels of poverty.

Table 2. Pearson’s correlation coefficient between each index and the poverty level.

EQI Environmental Exposure to Health Habitat Availability of
Pollution Environmental Risk  Impacts Quality Green Spaces
Poverty status ~ —0.5885 ** —0.5688 ** 0.0199 —0.3525**  —0.6199 ** 0.3592 **

** p value < 0.01.

Figure 4 shows a boxplot of poverty levels according to neighbourhoods grouped
into EQI and subindex tertiles. When analysing poverty levels, it is observed that, in
general, areas with more favourable environmental conditions (higher tertiles) tend to have
lower levels of poverty. Neighbourhoods with less favourable environmental conditions
show an average poverty rate of 16.27%, while among the neighbourhoods with better
environmental status, this value decreases to 3.1%. Similarly, environmental pollution
presents significant differences, with an average poverty rate of 16.84% in the first ter-
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tile (less favourable environmental condition) and 3.37% in the third (more favourable
environmental condition) (Table A2).
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Figure 4. Poverty level boxplot (%) according to EQI tertiles and subscripts.

Habitat quality follows a similar pattern, with an average poverty rate of 17.54%
in the first tertile and 2.2% in the third. On the other hand, exposure to environmental
risks and health impacts, while presenting higher poverty levels in the first tertile, show
a less clear relationship: the intermediate tertile (2) has lower poverty levels than the
upper tertile. Finally, the availability of green spaces breaks this trend, since the upper
tertile shows a higher level of poverty (12.23%) than the others, confirming the exception
previously observed.

The spatial lag model (Table 3) demonstrated a better fit compared to the spatial error
model (Table A3), although both models showed low and similar AIC values (—360.243 for
SLM and —358.987 for SEM). This model achieved a reasonable coefficient of determination
(greater than 50%) for all indices, except for the subindexes on health impacts and the
availability of green spaces. When evaluating the spatial autocorrelation of model residuals
in both cases, it was found that the spatial lag model did not exhibit significant autocorrela-
tion, except in the environmental risk exposure dimension. In contrast, the spatial error
model showed significant autocorrelations across all dimensions, indicating that it fails to
adequately capture the underlying spatial structure.

Table 3. SLM.

EQI

Environmental Exposure to Health Habitat Availability of
Pollution Environmental Risk  Impacts Quality Green Spaces

Pseudo
R-squared
AlC
Constant
Poverty status
Special
parameter

0.6636

—360.243
0.2024 **
—0.0005 **

0.7453 **

0.7311 0.7508 0.3914 0.5892 0.3126

—161.607 —332.149 —363.438 —404.068 —256.372
0.1986 ** 0.0775 * 0.379 ** 0.1388 * 0.0586 *
—0.0021 ** —0.0001 —0.0002 —0.0003 * 0.0002

0.7991 ** 0.9004 ** 0.5955 ** 0.8381 ** 0.8665 **

* p value < 0.1, ** p value < 0.001.
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These results suggest that the SLM provides a better representation of the distribution
of environmental quality in the city, with high and significant spatial parameters, where
neighbourhoods with similar environmental characteristics tend to cluster and the environ-
mental quality of one neighbourhood is strongly influenced by that of its neighbours.

Generally, when analysing the relationship between EQI and poverty using the
spatial lag model, a negative, moderate and significant relationship was observed
(coefficient = —0.0005; p < 0.01). This suggests that, even after accounting for spatial
autocorrelation, part of the environmental quality can be explained by poverty levels.

When breaking down the relationships by subindices, there were differences identified
that provide a deeper understanding of the overall relationship. On one hand, environmen-
tal pollution and habitat quality showed negative, moderate and significant relationships
(coefficient = —0.0021 in the first case and coefficient = —0.0003 in the second). This indi-
cates that higher poverty percentages are associated with higher exposure to pollutants
and lower habitat quality. On the other hand, the availability of green spaces showed a
positive, but not significant relationship with poverty levels (coefficient = 0.0002, p = 0.5367).
This suggests that areas with higher poverty percentages might be associated with greater
availability of green spaces, which could partially counterbalance the negative relationships
observed in the other subindices.

Finally, subindices related to environmental risk exposure and health impacts showed
greater limitations in their explanation through the models. In the case of environmental
risk exposure, spatial autocorrelation in residuals was detected, indicating that the model
does not adequately capture the spatial data structure. For health impacts, a low coefficient
of determination (0.391) was obtained, along with non-significant relationships. This
suggests the need for further refinement, possibly incorporating additional spatial variables
or alternative modelling approaches.

4. Discussion

Although there are well-established frameworks for assessing environmental quality
and justice, with standardised indicators that enable the analysis of cumulative impacts
and global comparisons—such as the environmental quality index developed by the EPA,
the environmental justice screening method (EJSM) by Sadd et al. (2011), the cumulative
environmental hazard inequality index (CEHII) by Su et al. (2012) and tools like EJ[SCREEN
(also from the EPA) and CalEnviroScreen from the California Environmental Protection
Agency—these have been designed for contexts with distinct environmental and social
characteristics. Consequently, key aspects in the Global South, such as access to sanitation
services or electricity, as well as other factors like public space quality and risks associated
with climate-related events, are not always considered in these frameworks, despite being
crucial in contexts of social vulnerability. In the introduction, we highlighted advancements
in this field within Ibero-American contexts. While it is challenging for a single model to
be applicable across all contexts, this study aligns with these efforts. A similar reference
framework is the one developed by Joseph et al. (2014), who analysed complex environ-
mental quality indices by assessing multiple cumulative impacts from an environmental
justice perspective. However, this model has not been validated for application in other
contexts, as its validation was conducted through a local survey.

This study represents the first approach to measuring cumulative environmental
quality with a focus on justice in the city of Montevideo. Although there are aspects that
could improve the analysis model, this approach is fundamental, since it allows progress in
the integration of environmental equity in urban planning, something especially relevant
for cities with high levels of socioeconomic segregation, as identified by Ferndndez and Wu
(2016) in previous studies, and which is also the case in Montevideo.
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Both descriptive analysis and regression models confirm an inverse relationship be-
tween the environmental quality and poverty level in Montevideo. Although the magnitude
of this relationship is not high, it manifests itself consistently and with high statistical sig-
nificance. These results suggest that the connection between environmental quality and
poverty levels in Montevideo is largely influenced by patterns of territorial segregation
shared by both dimensions, rather than by the intrinsic characteristics of each one. In
other words, the unequal distribution of environmental quality and poverty across the
territory reflects common spatial dynamics. Lower income sectors tend to live in worse
environmental conditions, something also observed in previous research on environmental
justice in other cities (Carrier et al. 2016; Rufat and Marciniczak 2020; Flacke et al. 2016;
Joseph et al. 2014). The areas with the most unfavourable environmental conditions are
mainly in the periphery, linked to the presence of watercourses, industrial areas or waste
disposal sites, as well as in the bay, where the oil refinery is located. The latter is a consol-
idated area of the city that requires specific impact mitigation measures; in contrast, the
population near contaminated waterways or the waste disposal plant is associated with
informal settlements, for which measures such as relocation should be evaluated.

As demonstrated by Su et al. (2012), it is crucial to employ cumulative harm ap-
proaches to analysing environmental disparities. In their studies in California, these
authors showed that, although some individual indicators affect white communities more
in certain contexts, analysis of cumulative impacts reveals that non-white communities are
the most affected. Similarly, in this study, analysis by dimension shows varied scenarios,
including an advantage for the poor population in terms of the availability of green spaces.
However, when examining cumulative impacts, it is observed that this population faces a
lower overall environmental quality.

As mentioned, the availability of green spaces shows a different pattern than that
identified in other studies (Apparicio et al. 2016; Csomos et al. 2021; Escobedo et al. 2015),
favouring in this case the lower income populations. These findings align with those
reported by Orlando and Berazategui (2024) who highlighted this advantage for low-
income neighbourhoods when analysing the effects of the urban heat island. This requires
a particular analysis to understand its dynamics. From a strictly hypothetical perspective,
this situation could be due to factors such as less urban development or the existence
of informal green areas, such as vacant land. It would also be interesting to take into
account the quality of these spaces since it could be that areas with the highest income
have high quality spaces, while the less favoured ones have a larger area of closed spaces,
but of low quality. In this regard, future research should consider complementing this
analysis by examining green spaces from an ecosystem services perspective. The scientific
literature has extensively documented the benefits these spaces provide to people, although
their magnitude and nature may vary depending on the geographical context, scale and
heterogeneity (Jennings and Gaither 2015). While some regulating services, such as air
purification and heat mitigation, may be accounted for in this analysis, others, such as
cultural ecosystem services (e.g., landscape aesthetics, outdoor recreation and spiritual and
cultural values), have not been included. Their incorporation would require considering
additional aspects, such as safety, space quality and use. As highlighted by Jennings et al.
(2016), these factors are essential for human health and well-being, yet they are often
underestimated.

Finally, some limitations and aspects that could optimise the environmental justice
analysis model in the city were identified. First, the health impact dimension is limited
exclusively to mortality from cardiovascular diseases. While this indicator is associated,
among other factors, with environmental conditions (Jennings and Gaither 2015) and has
been used in environmental justice studies (Table A1), it would be necessary to include other
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health conditions, such as mortality from other causes, asthma prevalence, low birth weight
and diseases related to metal contamination, among others. However, their inclusion has
been constrained by the difficulty of accessing data at the scale of analysis used in this study.
In addition, it is necessary to incorporate direct pollution indicators, given that the current
ones are indirect approaches. Although Montevideo has an air quality monitoring network,
it is insufficient to perform robust interpolations across the city. It would also be valuable
to have more accurate measurements of the impact of water pollution on populations near
contaminated waterways, as well as information on floodplains. There are other indicators
of a relevant nature for the Montevideo context, such as the presence of waste on public
roads, informal landfills, soil contamination and fire risk, which could not be incorporated
into the model due to the lack of data. In addition, indicators of access to basic services
need updating, as the latest data available (at the time of writing this article) are from
the 2011 national census. To adapt our model to different territorial contexts, it would be
advisable to incorporate a sensitivity analysis. This would allow for the assessment of the
model’s behaviour under variations in its assumptions, such as the number of indicators or
the weights assigned to them.

5. Conclusions

This study constitutes a significant advance in the analysis of environmental justice
in the city of Montevideo. Through the application of the environmental quality index
(EQI) and its interpretation together with the social determinants, a replicable method is
proposed in other cities in the region to identify situations of injustice. The methodology
used shows the importance of using multi-indicators and different dimensions to reliably
determine environmental justice. The results show that, for example, if only a subscript
such as the availability of green spaces is used, in this case composed of three indicator
variables (NDVI, percentage of green areas and distance to green areas), environmental
injustice is masked.

Montevideo shows situations of environmental injustice, characterised by a lower
quality of the general environment in the most disadvantaged areas and especially relevant
if the indicators related to pollution and the quality of the habitat are observed. While the
inverse relationship between poverty and environmental quality may be expected, it has
not been previously demonstrated for this city. This opens an important line of inquiry
that should be strengthened not only through the enhancement of measurement tools,
as mentioned earlier, but also by examining the causal mechanisms, both historical and
current, that produce these inequalities.
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Appendix A

Table Al. Indicators.

Environmental Variables

Dimension Variable Indicator Space Unit Data Source Indicator Source
% of population in
segments < 300 m from .
Water . Census Intendencia de  (Joseph et al.
. contaminated .
pollution segment Montevideo 2014)
watercourses, slope <
Environmental 12% and altitude < 250 m.
pollution Location of % of industrial areas Census Intendencia de  (Rufat and
polluting foci segment Montevideo Marciriczak 2020)
% of surface area located Adapted from
Presence of . Census Own .
waste < 2000 m from final waste seoment roduction Cushing et al.
disposal sites & P (2015)
Extreme Risk index for extreme Census Sistema
weather weather events (physical Nacional de New gauge
. segment .
events. risk) Emergencias
. (Mitchell et al.
Extreme EiIlRiirSltlrf’iCT\IDVI and Census Sentinel 2 and 2021; Mitchell
Exposure to temperatures ke e segment 3 images and Chakraborty
environmental NDBI 2018)
risks
% of surface area located
Industrial < 1500 m from sites
and considered hazardous: Census Own
technological  refineries, fuel segment production (Sadd etal. 2011)
risks distribution centres and
thermal power plants
Comision
Health impacts Health Mortality rate for Census honoraria para  (Romero-Lankao
P impacts cardiovascular diseases ~ segment la salud et al. 2013)
cardiovascular
ol wibens (uttand
& Marcificzak 2020)
water C INE
. . A t ensus
Habitat quality ceessto. % of households without (INE-CENSOS  Mitchell et al.
basic services e segment
access to electricity 2011) (2021)
% of households without
New gauge

access to sanitation
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Table Al. Cont.

Environmental Variables

Dimension Variable Indicator Space Unit Data Source Indicator Source
% of households with
housing built Adapted from
predominantly by waste Lejeune and
Housin materials and dirt Census INE Teller (2016)
& flooring (INE-CENSOS
adequacy segment 2011)
% of overcrowded
Adapted from
households (3 or more
Romero-Lankao
. . people share the same
Habitat quality room) etal. (2013)
% of public use area Census Intendencia de  Cardenas et al.
°otPp segment Montevideo (2020)
. Distance to public Census Intendencia de
Quality of . New gauge
. squares and plazas segment Montevideo
urban public :
space Distance to bike lanes Census Intendepaa de New gauge
segment Montevideo
Public banks per 1000 Census Intendencia de New cauge
inhabitants segment Montevideo saus
(Bellini et al.
2016;
Bonilla-Bedoya
Pixel Sentintel et al.’ZOZO;
NDVI 20 % 20 m 2 Images Ferndndez and
8 Wu 2018;
Mitchell et al.
Availability of ~ Awailability of 2021; Portelli
green spaces green spaces et al. 2020)
Bonilla-Bedoya
% of green Census Intendencia de et al. (2020);
areas/public parks Segment Montevideo Pineda-Pinto
et al. (2021)
Distance to green Pixel Intendencia de Adapted from
. . Shrestha et al.
areas/public parks 10 x 10 m Montevideo
(2016)
Social Determinants
Dimension Variable Indicator Space Unit Data Source Indicator Source
Continuous (Barzyk et al.
Socioeconomic Povert % of people below the Survey of 2011'}éadd etal
y ° 0" peop Neighbourhood Households ! o
status status poverty line 2011; Su et al.
(INE-ECH 2012)

2022)
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Census segment level Neighbourhood level

T1 - Worse

T2 - Medium

T1 - Worse

T2 - Medium

[ T3-Better

Health impacts

T1 - Worse

T2 - Medium

[ T3-Better

Habitat quality

T1 - Worse
T2 - Medium

[ T3-Better

Availability of green spaces

Figure A2. EQI subindices according to census segment and neighbourhood level.
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Table A2. Average poverty level (%) according to EQI tertiles and subindexes.

EQI Environmental Exposure to Health Habitat Availability of
Pollution Environmental Risk  Impacts Quality Green Spaces
1st tercile 16.27% 16.84% 10.13% 12.55% 17.54% 3.7%
2nd tertile 6.97% 6.08% 6.70% 5.91% 6.57% 10.55%
3rd tertile 3.1% 3.37% 9.49% 7.82% 2.2% 12.25%

Table A3. SEM.

EQI Environmental Exposure to Health Habitat  Availability of
Pollution Environmental Risk  Impacts Quality Green Spaces
Rii;‘ji‘; q 0.3463 0.3235 0.0004 0.12 0.3842 0.1290
AIC —358.987 —159.743 —334.663 —356.194 —401.181 —258.036
Constant 0.7829 ** 0.9157 ** 0.77 ** 0.93 ** 0.8440 ** 0.4528 **
Poverty status —0.0006 ** —0.002 ** —0.0002 —0.0003 —0.0003 * 0.0000
Special lambda ) 705 4 0.8481 ** 0.9022 0.6201*  0.8923 ** 0.8788 **
parameter
* p value < 0.1, ** p value < 0.001.
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