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Abstract: The differential distribution, size, and quality of urban green spaces (UGS) among localities generate
a differential distribution of benefits provided to users. We analyzed the spatial distribution of five size
categories of UGS among 15 municipalities of Mexico City, compared their total surface per capita and
associated them with the social marginality index. We found 1,353 UGSs accessible for public use with a total
area of 2,643 ha. Seventy-four percent of them had <1 ha of surface area, and 51% were located in only three
municipalities that were mostly middle- and high-income. These municipalities concentrated a higher area of
green spaces per capita. We found a negative correlation between the marginality index and the area of UGS
per municipality; the lower the marginality index, the higher the area of green spaces. We consider this a
situation of environmental injustice since urban environmental services are distributed unequally with respect
to marginalized populations.
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1. Introduction

Planet earth is increasingly urbanized. Job opportunities and access to services generated within
cities have favored the fact that more than 50% of the world’s population lives in these sites [1,2].
However, the urbanization process has had an impact on the well-being of the people who inhabit
these sites, generating contradictions. For example, living in large cities allows their inhabitants to
have better access to health services; at the same time, these sites also promote an environment of
greater pollution and exposure to factors that make their population more vulnerable to diseases [3].
Such a scenario has increased interest in understanding which variables within cities influence
human well-being, especially where sustainable cities are to be built.

Urban green spaces (UGS) are becoming more important in urban centers because of the
environmental degradation that often characterizes mega-cities. Additionally, it is recognized that
nature in cities plays a much more important role than pure urban beautification. There is growing
evidence about the benefits that nature provides to cities through the fundamental environmental
service of well-being in people's quality of life. Consequently, UGSs have been at the center of the
scientific discourse of urban sustainability, especially since they provide essential services for the
quality of life of people [4,5].

Nevertheless, the distribution of UGS within cities is usually highly uneven because of its
association with socioeconomic indicators such as residents” income, education, and ethnicity. In this
sense, the inequitable distribution of UGS generates disparities in the benefits obtained [6]. This
disparity in access to green areas has been widely recognized as a problem of environmental injustice
that governments must address as a priority since ecosystem services are distributed unequally with
respect to marginalized populations [7,8]. The theory of environmental justice postulates that the
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distribution of the risks and benefits that can be obtained in a city is disproportionately biased against
ethnic minorities and the lowest socioeconomic level of the population, increasing the vulnerability
of both sectors [9]. Therefore, to apply the concept of environmental justice to the geography of the
green spaces of Mexico City, we would have to start by analyzing the concept of "green spaces" (also
known as green areas) that are censed in official inventories.

However, as the concept of UGS has developed over time, there are different classifications that
vary depending on criteria such as use, size or property regime [10]. Hence, it is necessary to consider
the different analyses of which parks and other green spaces can influence people, starting with the
concept of “green spaces”.

In Mexico City, UGSs have been defined by the Environmental Law as "All areas covered with
natural or induced vegetation located in the Federal District (now México City). Urban green spaces
correspond to those found on urban land in suburban areas and communities and towns located on
the conservation floor". This definition includes parks, public and private gardens, pocket parks, pots,
planters, areas with any vegetable cover on public roads (roundabouts, ridges, trees), malls and
groves, hills, natural pastures, and rural production forest areas or areas that provide ecotourism
services, ravines, and aquifer recharge zones [11].

The definition provided is so broad that even within the same city, each governmental institution
redefines according to its criteria what is a green space, which translates into different data regarding
official inventories and censuses [12]. For example, in 2009, the Environmental and Land Planning
Agency (PAOT) conducted an inventory of green spaces, concluding that the inhabitants of Mexico
City have 14.4 m? per capita [13], which might be an acceptable figure according to the international
guidelines that suggest a minimum of 9 m? per inhabitant [1]. However, when considering green
space as "any surface covered with vegetation", without discussing other attributes such as size, use,
accessibility or characteristics, the effect that the use of these sites can generate on people is
underestimated.

We have previously found that the specific characteristics of urban parks in Mexico City can
differentially affect the well-being of their users by influencing how they relate to green spaces [14].
Such results emphasize the importance of a better understanding of the UGS of Mexico City. Indeed,
there is a need to understand whether the presence, distribution, and size of UGSs within the
municipalities of Mexico City have ecological and social implications that affect their inhabitants. It
is anticipated that identifying and exposing the contrasting distribution and characteristics of UGSs
in Mexico City should promote better urban planning and greater environmental justice [15].
Nonetheless, for this to happen, it is first necessary to map and characterize the UGS of the
municipalities of Mexico City, considering their size and usability as a determining characteristic.

This work addresses the need for an analysis of the spatial distribution of UGSs that considers
these sites based on their potential human use. For this, we suggest the following definition of UGS:
“Public space whose fundamental element of composition is vegetation, whose characteristics and location are
likely to be visited by people (individually or collectively), offering the opportunity to perform activities such as
the practice of a sport, games and walks, moments of leisure and rest”. The above definition excludes those
sites that are inaccessible for public use because when considering urban sustainability, UGS must
favor a better quality of life for the inhabitants of cities, facilitating social interactions in their daily
reality. This characterization encompasses the ability to use green spaces as a primary criterion,
which allows considering these sites beyond the plant cover they possess and invites us to include
their effect on society.

In this study, we analyzed the distribution, number, size, and surface of UGS in each of the
municipalities of Mexico City to understand whether there is environmental injustice associated with
the level of marginality.
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2. Materials and Methods

2.1. Study site

Mexico City has 9.2 million inhabitants. From the political point of view, Mexico City is divided
into 16 municipalities, and its total area is divided into urban and conservation zones. Indeed, the
space assigned for conservation represents 58% (58,000 ha) of the total area of the city [16].
Nevertheless, in Mexico City, the use of conservation areas is restricted; therefore, conservation areas,
private gardens, and inaccessible greenness were excluded from the concept of UGS defined in this
study. In this sense, one of the 16 municipalities (Milpa Alta) was intentionally excluded from the
study since its entire territory is considered a conservation area and thus entails a lack of data for the
size, distribution, and characteristics of UGS within its territory.

2.2. Classification of urban green spaces

For the characterization of UGS in Mexico City, we considered five categories of green areas
based on the size as the main criterion, which is the same as the information of the urban cartography
elaborated by the National Institute of Statistics and Geography (INEGI 2015 version 6.2). From this
cartographic information, we selected green spaces, parks, public gardens, wide ridges (with central
passage) and sports facilities and classified them according to the following categories of UGS: Ridges
(0.5 ha); 1 ha (>0.5 and <1 ha); 1-5 ha (>1 and <5 ha); 5-10 ha (>5 and <10 ha); and 10-40 ha (>10 and
<40 ha). In the particular case of ridges, only those measuring >20 meters (wide) were included
because they usually have a central walkway that allows the use of these sites.

We selected such categories because they represent a gradient of sizes that allows the realization
of different activities that would potentially have a social impact on the community. The delimitation
of each size category was based on a modification of the classification of UGSs proposed by Ballester
and Morata (2001), which considers that for each of these classes, there are specific characteristics that
allow distinguishing among them. After conducting a first characterization of the UGSs for this study,
we eliminated those UGSs that, because of their geographical location, cannot be considered public
or used. This ensured that the UGSs considered in this study were susceptible to being used by any
inhabitants of Mexico City.

2.3. Spatial distribution, size, and number of urban green spaces among municipalities

We elaborated a basic characterization of the UGSs of Mexico City in ArcGis 10.1 using the
existing cartographic information of urban localities and trees [16]. From these data, we obtained 1)
the number and total surface of UGSs per size category and 2) the number and surface of UGSs by
size category per municipality. The area of UGSs per capita was also obtained considering the
number of people for each municipality according to the published data of the census 2014 (6.2
version) conducted by the National Institute of Statistics and Geography [17].

2.4. Association of urban green spaces and socioeconomic indicators

In addition, to examine a possible association between the spatial distribution and characteristics
of the UGSs and the marginalization level of the municipalities, we included the marginality index
[18]. According to the National Population Council (CONAPO), marginalization is a
multidimensional and structural phenomenon that is expressed in the lack of opportunities and the
unequal distribution of progress in the productive structure, influencing levels of well-being and
capacity-building resources and therefore in development. The marginality index is a summary
measure that allows differentiating the different geographical units according to the global impact of
the deficiencies suffered by the population and can be used as a proxy of socioeconomic development
(Table 1).
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Table 1. Socioeconomical indicators of the marginalization index (CONAPO, 2010).

Socioeconomical dimentions Ways of exclusion

Mliteracy

Education . .
Population without elementary school

Private dwellings without drainage or sanitary service
Private dwellings without electricity

Dwelling Private dwellings without piped water
Private dwellings with some level of overcrowding
Private dwellings with dirt floor

Population distribution Localities with less than 5,000 inhabitants

Occupied population that receives up to two minimum

Monetary income
wages

2.5. Statistical analysis

We used descriptive statistics to quantitatively characterize and compare the composition of
UGSs in the municipalities according to size categories. One-tailed simple correlation analyses were
used to assess the relationship between the area per capita of UGSs and the population density and
marginality index of the municipalities. Additionally, to further examine the pattern of distribution
of the UGSs within Mexico City, we first analyzed the percentile of distribution for each size category,
and then we integrated with a multivariate analysis each size category per municipality to show
similarities between localities. For the latter, we used heatmaps and cluster analysis to visualize the
similarities in maps as described elsewhere [19,20].

3. Results

3.1. Number and surface of urban green spaces in the municipalities of Mexico City

Mexico City has 2,096 neighborhoods, of which 450 have restricted access, so their green spaces
are not open to all the inhabitants of the city. We found 1,353 UGSs that coincided with the definition
proposed in this study and were distributed as follows: ranges, 40.1% (543); 1 ha, 33.9% (458); 1-5 ha,
15.6% (211); 5-10 ha, 3.5% (48); and 10-40 ha, 6.9% (93) (Table 2). According to the size distribution,
the smaller the size of the UGSs, the greater their abundance; furthermore, in Mexico City, 74% of the
UGSs are <1 ha in size. The 1,353 UGSs represented a total of 2,643 hectares, of which 16.0% and 53.3%
were found in the Ridges (424 hectares) and 10-40 ha UGSs (1,408 hectares), respectively. The
remaining three groups contributed together with 30.7% of the total extension of UGSs in Mexico
City: 1 ha, 167 hectares; 1-5 ha, 377 hectares; and 5-10 ha, 267 hectares.

Across the 15 municipalities of Mexico City, the number of UGSs ranged broadly between 1 and
271. Three municipalities (Coyoacan, M. Hidalgo, and Gustavo A. Madero) accounted for 51.4% of
the total number of UGSs (695/1353) found in Mexico City. In clear contrast, municipalities such as
Xochimilco, Cuajimalpa, and Tlahuac in conjunction had nine UGSs that represented only 6.6% of
the total. As a consequence of this heterogeneous distribution of the number of UGSs, the total surface
covered by all the size categories within each municipality also exhibited contrasting patterns (Table
2). In municipalities such as Coyoacan, Gustavo A. Madero, and M. Hidalgo, the extension of UGSs
ranged from 472 to 602 hectares and accounted for 61.6% of the total surface of 2,643 hectares found
in Mexico City. For the three municipalities with the lowest number of UGSs, their total surface of
green areas was 15 hectares, which represented only 0.6% of the total. These results emphasize the
disparities among municipalities regarding the distribution and surface covered by the different
categories of UGSs.
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Table 2. Number of UGSs per size category and total surface for each municipality.

Categories of UGSs Total

Municipality Total number surface

Ridge 1ha 1-5ha 5-10ha 10-40ha  of UGSs (ha)
Coyoacan 53 171 37 4 6 271 602
M. Hidalgo 23 71 56 19 51 220 561
Gustavo A. M. 170 16 6 5 7 204 472
Tlalpan 34 49 22 6 10 121 399
V. Carranza 28 23 9 3 8 71 139
A. Obregon 47 25 32 2 5 111 122
Iztapalapa 102 37 8 1 0 148 92
Azcapotzalco 17 11 6 0 2 36 61
Cuauhtemoc 23 24 14 1 0 62 55
Iztacalco 35 8 4 1 0 48 45
B. Juarez 4 18 11 3 0 36 41
M. Contreras 2 5 3 2 4 16 38
Tlahuac 0 0 0 1 0 1 9
Xochimilco 5 0 0 0 0 5 3
Cuajimalpa 0 0 3 0 0 3 3
Total 543 458 211 48 93 1,353 2,643

3.2. Composition of the green spaces among municipalities of Mexico City

As depicted in Figure 1A, four municipalities showed a total surface >375 hectares of their UGSs.
In these four municipalities, UGSs of 10-40 ha contributed the highest amount of surface: Gustavo A.
Madero, 253 hectares (53.6%); Tlalpan, 313 hectares (78.4%); M. Hidalgo, 328 hectares (58.6%); and
Coyocan, 352 hectares (58.5%). In contrast, Ridges contributed the greatest amount of UGS surfaces
in places such as Iztapalapa (59 hectares, 64.1%), Iztacalco (27 hectares, 60%), and Xochimilco (3
hectares, 100%). In each municipality, the relative contribution of each size category of the UGS
showed an interesting pattern, according to which there was both a disparate distribution of the UGSs
across municipalities and a heterogeneous composition of the green spaces within each municipality
(Figure 1B). For instance, Xochimilco, Cuajimalpa, and Tldhuac presented only one category of UGSs,
while in contrast, five and seven municipalities had four to five size categories, respectively. Except
for Tlahuac, the relative contribution of UGSs with a size of 5-10 ha was the lowest in the
municipalities (2.21-25%). In M. Hidalgo and M. Contreras, the contribution of ridges was lower (10.4
and 12.5%), while UGSs of higher size were more frequent. Indeed, in these two municipalities, the
percentage of UGSs 10-40 ha was the greatest among all locations (25.0 and 23.18%, respectively).

3.2. Spatial distribution of UGSs across the municipalities of Mexico City

To illustrate the pattern of distribution of the UGS across the municipalities of Mexico City, in
Figure 2A, we depict the spatial distribution of all the green areas mapped in our study. As judged
by the accumulation of a higher number of green spaces in some locations, there is a characteristic
uneven distribution both in the number and surface of UGSs among the municipalities of Mexico
City. Furthermore, to show these striking differences at a higher resolution, in Figure 2A1 and 2A.,
we present two municipalities (M. Hidalgo and M. Contreras) as representatives of the inequity of
the distribution of UGSs in Mexico City. According to Figure 1A, these two municipalities showed a
similar composition of UGSs. Nevertheless, the number and size of the green spaces mapped in each
locality varied broadly between them.

d0i:10.20944/preprints202307.0496.v1
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Figure 1. (a) Total surface (Ha) of the UGSs for each municipality and (b) proportion of each size
category of UGSs per municipality.
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Figure 2. (a) Spatial distribution of the UGSs in Mexico City and (a1 and (a2) mapping of the five
categories of UGSs in two selected municipalities.

The maps shown in Figure 3A illustrate the heterogeneous spatial distribution for the percentile
of UGS among the municipalities of Mexico City. Despite the contrasting pattern found across size
categories, the adjacent municipalities of Xochimilco and Tlahuac were consistently distributed into
the lowest percentile category (<16.6th). Likewise, a similar distribution was found for Cuajimalpa.
In contrast, the percentile distribution for the UGS of Tlalpan, Coyoacan, and M. Hidalgo was
consistently found in the higher values. As shown in the left panel of Figure 3B, the integrated
analysis of the size categories of UGSs revealed the formation of two distinct groups of municipalities
in Mexico City: those with below-average values (negative Z scores and green-colored) and
municipalities with above-average scores (positive Z scores and red colored). Nine municipalities
that were characterized by a reduced number of UGSs for each category formed a well-defined cluster
in the upper portion of the dendrogram. In the middle section were Tlalpan and A. Obregon, which
were grouped into a single cluster due to their increased number of UGS. Finally, Iztapalapa, Gustavo
A. Madero, Coyoacan, and M. Hidalgo, all of which were characterized by above-average values for
at least one of the size categories of UGSs, were separated into four distinct clusters in the
dendrogram. Furthermore, as shown in the spatial representation of the multivariate analysis (Figure
3B, right panel), four of the municipalities grouped into one of the clusters were indeed adjacent
localities (Cuauhtemoc, V. Carranza, B. Juarez, and Iztacalco). In addition, a central band of three
municipalities that included A. Obregon, Coyoacan, and Iztapalapa showed an increased number of
UGSs. Interestingly, the three municipalities with the highest Z scores (Gustavo A. Madero, M.
Hidalgo, and Coyocan) were heterogeneously distributed across the middle-upper portion of Mexico
City.
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Figure 3. (a) Spatial distribution of the percentile per size category of the UGSs among the
municipalities of Mexico City, and (b) heatmap and cluster analysis of the Z score of the number of
UGSs.

3.4. Association between UGS socioeconomic indicators in Mexico City

There was a differential distribution of the UGSs that varied according to the marginalization
level of the localities (Figure 4A). We found a negative correlation (r = -0.47, p = 0.037) between the
marginality index and the area of UGS per municipality; the lower the marginality index, the higher
the area of green spaces (Figure 4B). We also observed an unequal distribution of the area per capita
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of green spaces among municipalities (Figure 4C). From the mapped UGS, we found an average value
of 3.1 m? of green spaces per inhabitant in Mexico City. However, there was a broad discrepancy in
the values among localities; for instance, M. Hidalgo has 15.4 m? per inhabitant, followed by
Coyoacan with 9.9 m?, whereas marginal municipalities such as Iztapalapa, Azcapotzalco, Tlahuac,
Xochimilco, and Cuajimalpa have less than 0.5 m? of green spaces per inhabitant. Furthermore, we
hypothesized that the area per capita of green spaces should be related to the population density of
each municipality, although we did not find a correlation between these variables (r =-0.08, p=0.769).
This result indicated that in those municipalities with the highest population density per km2, there
is a lack of a corresponding high value of green spaces per m? thus, UGSs might not be enough for
the inhabitants of the more populated locations. Interestingly, there were two municipalities (B.
Juarez and Cuauhtemoc) that, despite their lower values of marginality, did not have a corresponding
high per capita area of green spaces, as their values were 0.98 and 1.02 m2 per capita, respectively.

(a)
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I R N RS BT

b Area per capita (m? per inhabitant)
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| L
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Figure 4. (a) Merge of the spatial distribution of the UGS in Mexico City and the marginality index
for the localities of each municipality, (b) association between the socioeconomic indices and the area
per capita of UGS for the municipalities of Mexico City, and (c) comparison of the area per capita of
UGS.

4. Discussion

In urban centers, the geographical location, size, and accessibility of UGS can facilitate or hinder
the use of these spaces [21]. Therefore, these characteristics have an impact on the benefits that its
inhabitants can enjoy by relating to UGS. Our results show that there is an asymmetry in the
distribution and size of urban green spaces in Mexico City, which can be seen from environmental
justice optics. For green spaces to serve as a promoter of people’s well-being, mere presence is not
enough; thus, size and distribution are important characteristics that affect how people relate to
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nature [22,23]. Mexico City has a greater number of green spaces of small size, even though it is
known that larger green spaces can promote the coexistence of groups of people of different ages and
interests by allowing the performance of several activities simultaneously broadening the spectrum
of possible uses and users, for example, running, resting and play [24-26]. Therefore, favoring the
creation of green spaces of small size does not allow the interaction between diverse actors, which is
crucial in the formation of social cohesion in a community [27-29].

In the same way, if people are prone to diseases related to sedentary lifestyle, obesity or living
in neighborhoods without adequate green areas, it can be considered that we are going against the
objectives of the concept of environmental justice, which point toward a fair distribution of the
services that the city provides [30]. The heterogeneity of distribution, number, and size could be a
situation of environmental injustice because it is related to various historical and social variables that
should be analyzed more thoroughly.

Mexico City follows the international trend, especially in developing countries, with a gap
between higher-income and marginal populations regarding access to green areas [18]. These results
also coincide with the clear lack of parks in the vast majority of Mexico City districts, even when
considering official inventories of green areas; some of the municipalities with the lowest level of
poverty enjoy a greater number of parks [13]. This situation also denotes a clear environmental
injustice, not only because of the unequal distribution of the benefits that parks can offer but also
because it has been recognized that it is precisely the minorities and the most marginalized groups
that are most vulnerable to environmental risk [31,32].

While the scientific evidence regarding the improvement in physical, mental, emotional and
even social health to which green areas contribute is growing, it is urgent to integrate the research
produced with the management of these sites from an environmental justice perspective. This can
help us to see more clearly critical issues of urban marginalization that have thus far focused on only
social factors [33]. For that, the academy must have an effective and constant communication channel
with decision-makers, since both parties seek the good of the city and its inhabitants.

Our results also reveal that if we consider only the public green spaces (without considering
tree-lined roads that are inaccessible to people's use), the inhabitants of Mexico City have five times
less area of green spaces than reported by the Environmental and Land Management Agency (PAOT)
in the census of 2014. These results prove that official inventories carried out by authorities tend to
overlook UGS use and real accessibility. This allows making a distinction between the different scales
to which urban problems can be addressed [34]. At the basin level, urban nature provides ecosystem
services that benefit the inhabitants of the entire city, such as air purification or water infiltration [35].
Nevertheless, at the local level, the smallest green spaces for daily use, such as parks or walkable
ridges, promote other types of benefits, which are linked to ecosystem processes at the basin level
and to the quality of life of the inhabitants of the city because of their use [36]. The misunderstanding
of both scales is often reflected in the management of UGSs, affecting official census data and
decisions about small green spaces. While it is important to have a database that identifies any green
surface within the territory of cities, it is also important that urban planning includes the scale at
which human beings experience and use the infrastructure of the city [1,37].

5. Conclusions

Official inventories of the green areas of Mexico City underestimate their usability as a variable
to obtain the benefits they grant. At the same time, the urbanization processes in Mexico City favor
the proliferation of small green spaces inaccessible to people. Both situations have generated a
heterogeneous distribution of these sites, linked to the level of marginalization of people, which can
be seen as a situation of environmental injustice. This situation reflects the need to address the urban
environment, including an environmental justice perspective, especially if the intention is to move
forward under a sustainability model that reduces the inequality of the environmental benefits that
citizens obtain from UGS. Thus, decision-making in Mexico City should consider the consequences
of the urbanization model on the quality of life of its inhabitants.
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