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The supply and demand of ecosystem services in urban areas depends,
among other things, on the configuration and location of public spaces with
vegetation and the access citizens have to them. Providing equitable access
to urban services has been a top priority of public policy worldwide, but urban
ecosystem services (UES) are not always considered when discussing urban
services. Since access to UES may positively impact wellbeing and promote
urban sustainability, we analyze accessibility to public spaces with different
greening characteristics in four Latin American cities: Cartagena de Indias and
Medellin (Colombia) Valparaiso (Chile) and Quito (Ecuador). We argue that
considering distribution of, and accessibility to, public spaces with different
greening characteristics provides insights for policymakers seeking to increase
the potential provision of UES through public space. We classified existing
public spaces into four categories using photointerpretation of high-resolution
QuickBird satellite images: (1) tree predominance, (2) grass predominance,
(3) hard zone predominance, and (4) bare soil predominance. We evaluated
physical accessibility using spatial analysis of road networks, considering a
walking distance that can be covered in different ranges of time. Our results
show that three of the four cities have good accessibility to public spaces
within 15 min. However, this distance increases when we focus on access
to public spaces with vegetation and green areas (categories 1 and 2). This
study contributes to research on ecosystem services by analyzing conditions
of accessibility to public spaces which offer direct contact with nature and a
potential supply of UES within urban areas. It also highlights the importance of
conceiving and planning public space as direct providers of UES, an important
aspect of improving environmental quality and positively impacting people’s
health and wellbeing.

KEYWORDS

ecosystem services (ES), urban public spaces, spatial accessibility, environmental
quality and wellbeing, comparative analysis
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Introduction

Ecosystem services (ES) offer a conceptual framework
with a high potential to promote dialog and agreements
between science, politics, and society that exhort searching
for solutions to contemporary socio-environmental problems.
In this sense, ES also offer a practical framework for the
development of tools which are of great use for territorial
planning and environmental management (Balvanera and
Cotler, 2007; Daily et al., 2009; Nelson et al., 2009; Barral and
Oscar, 2012; Logsdon and Chaubey, 2013; Langemeyer et al.,
2016; Rusch et al., 2017). In this context, ES are currently a
central theme in agendas and debates that promote territorial
sustainability, as well as in actions aimed at achieving sustainable
territorial development.

While a significant part of literature on ES initially focused
on understanding the supply capacity of undeveloped/non-
urban areas (Costanza et al., 1997; Daily, 1997), more recently
we have seen the emergence of an interest in understanding
ES present in urban areas or urban ecosystem services (UES).
UES are understood as those ES provided by urban systems,
particularly through green and blue infrastructure (Chen
et al., 2020; Elderbrock et al., 2020; Barber et al., 2021;
Rodriguez-Valencia and Ortiz-Ramirez, 2021), that is, natural
and seminatural areas with vegetation and bodies of water.
In a context of growing urbanization, UES are increasingly
becoming relevant variables for the wellbeing and health of the
urban population, and therefore emerging as a central aspect
for territorial planning and achievement of urban sustainability
(Hernédndez Aja, 2009; Huang et al., 2015; Yigitcanlar et al.,
2015). Today, many cities are making tangible efforts to recover
natural spaces near, and within, urban areas (United Nations,
2017).

Studies on the provision of UES through their green
infrastructure have explored the role of nature in urban
sustainability and spatial planning, demonstrating that the
benefits provided by these ecosystems go beyond urban limits
and have a close relationship with rural or peri-urban settings
(Bai and Guo, 20215 Jaung et al, 2022). However, there are
still many aspects to explore around the contributions of urban
vegetation and urban green areas. Some of these aspects relate
to the scale, distribution, and access to both vegetation and
green areas, which in cities are located mainly in urban public
spaces. Recent debates on sustainable development, climate
adaptation, habitability and wellbeing, and the right to the
city have recognized public space as an infrastructure capable
of integrating social and environmental dimensions in urban
contexts (Liu and Russo, 2021; Liu et al., 2021; Lonsdorf et al.,
2021). Ultimately, this integration is an essential component of
the transformation necessary to achieve the sustainable urban
development goals.

Many cities have committed to increasing the provision
and adequacy of public space as a strategy to improve both
environmental and social conditions. When implementing these
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strategies, local governments face challenges characteristic of
contemporary cities: availability of land and financing. Under
the increasing pressure of urbanization, few cities today have
the capacity to allocate large areas of land for public space. This
has resulted in an expansive occupation of territory that moves
the development of green areas to a secondary role. This is even
more noticeable in Latin America, the most urbanized region in
the world and where two of every ten urban inhabitants live in
marginal areas, and one third of the urban growth has not been
planned (UNDRR, 2021, p. 58-59). The second challenge that
has impacted cities worldwide is that decisions about natural
areas, vegetation, and landscape design are often determined by
the financial and maintenance capacity of local governments.
This has resulted in the planning and provision of small- and
medium-scale public spaces that are widely distributed in the
territories to improve access, but with a limited offering of
vegetation and more natural elements, as we will show in our
analysis. While this approach has an important impact in terms
of social inclusion and improvement, it does not necessarily
consider the capacity, or lack of capacity, of these public spaces
as providers of UES.

Several authors have pointed out the positive impact that
the UES have on the health and welfare of society (Horwitz
and Finlayson, 2011; Coutts and Hahn, 2015; Chiabai et al.,
2018; Subiza-Pérez et al., 2020). Others have emphasized that
their provision and management is related to accessible public
spaces (Thompson, 2002; Botequilha-Leitao and Diaz-Varela,
2020; Chen et al., 2020; Jaung et al., 2020; Priess et al., 2021).
Considering that the supply and demand of UES depends,
among other things, on the configuration, the location of public
spaces with vegetation, and the accessibility that citizens have to
them (Barber et al., 2021), we perform an analysis that measures
accessibility to public space with distinct spatial configuration of
vegetation in four urban areas.

Accessibility has become one of the most urgent urban
challenges in recent decades. Providing equitable access to
urban services (employment, schools, hospitals, green and
recreational spaces, consumer goods, and the like) has been a top
priority of public policy worldwide (Duranton and Guerra, 2017;
Guzman and Oviedo, 2018; Pereira, 2019; Villamizar Duarte
et al, 2020). From various perspectives, such as economic
geography, housing, and transportation, the academic literature
has placed accessibility at the center of our thinking about
urban development (Geurs and Van Wee, 2004; Niedzielski
and Eric Boschmann, 2014; Jin and Paulsen, 2018; Cui et al.,
2019; Oviedo, 2021). The momentum achieved by academics
in this field is consolidating what is currently known as the
accessibility shift, where the emphasis is on access to urban
resources (Levine et al., 2019). UES, however, are one of the
urban services discussed less in accessibility debates.

Since access to UES positively impacts several dimensions
of urban sustainability, such as environmental quality, urban
quality of life, and health and wellbeing, we consider it
is important to expand analysis of this area. After more
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than 2 years living with the COVID-19 pandemic, there is
evidence that access to natural or seminatural spaces has a
positive effect in both people’s physical and mental health
(Chiabai et al., 2020; Moreno et al., 2020; Ramirez-Ortiz et al.,
2020). To further advance this debate, our research asks how
accessibility varies between public spaces with different greening
characteristics in four Latin American cities. We argue that
considering distribution of, and accessibility to, public spaces
with different greening characteristics provides valuable insights
for policymakers.

Accessibility to public space and urban green areas (UGA)
is inherently related to pedestrian mobility, which in turn varies
according to the urban morphology, topography, and conditions
of the infrastructure in general. Several studies of accessibility
indicators exist where proximity, density, and sizes of UGA are
calculated (Le Texier et al., 2018; Xie et al., 2018; Xing et al,,
2020). However, there is still no consensus on the most effective
method to analyze these measures (Dony et al., 2015). Distance
between the demand points (population) and the nearest supply
of UGA are often measured using three techniques: Euclidean,
Manhattan, and network distance (Li, 2014; So, 2016). Our
research uses network analysis, since it provides a more accurate
measure by relying on a real infrastructure network (streets,
sidewalks, etc.) and considering average travel speed.

This study compares conditions of accessibility to public
spaces in four Latin American cities: two coastal cities
(Cartagena de Indias, Colombia and Valparaiso, Chile) and
two mountain cities (Quito, Ecuador and Medellin, Colombia).
We compare different urban contexts to understand differential
insights about potential of public space as providers of UES that
can be enjoyed directly by the population. Direct provision of
UES is a factor that contributes to physical and mental health
(Jennings et al., 2016; Vidal et al., 2021) and potentially to social
cohesion (Jennings and Bamkole, 2019; Dobbs et al., 2021; Luca
etal, 2021). However, realizing these benefits depends to a great
extent on the conditions of accessibility to public spaces with
various functional types of vegetation.

This study contributes to research on UES by analyzing
conditions of accessibility to public spaces which, within urban
areas, offer direct contact with nature and a potential supply
of UES. This analysis advances our knowledge about the
impacts on effective reception of UES in citizens quality of
life and wellbeing. Furthermore, it helps us understand urban
characteristics (i.e., slope and road infrastructure) that facilitate
or limit access to public space and their potential offer of UES.
This study also contributes to the literature on accessibility
by bringing attention to UES as a service whose accessibility
is central to improve wellbeing and quality of life in cities.
Finally, it contributes by providing evidence about conditions
of accessibility to public spaces with distinct characteristics in
four Latin American cities. This type of evidence is fundamental
to support decision-making about evaluation and provision of
UES within urban planning.
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Materials and methods

To conduct our analysis, we selected cities with different
topographic and geographical location, climate, size, population
densities, urban structures, and supply of public space. These
differential conditions are important to understand both the
spatial configuration of vegetation within and accessibility to
public spaces. Table 1 presents a general profile of each city, and
Figure 1 shows the spatial distribution of public spaces.

Units of analysis

They correspond to open areas which public condition
allows for free access to all the population and therefore to
the potential UES offered by them. Although privately owned
public spaces (POPS), such as clubs, reserves, and parks, also
provide ES to the population, access to them is not guaranteed
to all and therefore we disregard them as a potential source
of UES. For the analysis, we only consider public spaces with
areas over 5,000 m2. This threshold allows us to focus on
public space that can house larger green areas and diverse
types of vegetation that potentially increase the supply of
associated UES.! Compared to smaller green areas (<5,000
m?), they have greater environmental capacity to endure larger
numbers of people and are potentially more accessible. These
two characteristics are particularly important in high-density
environments, such as Latin American cities.

To classify the selected public space in relation to their
distinct spatial configuration of vegetation in the four cities, we
identified functional categories according to the predominance
of soil cover of in each public space (see Table2).2 We
used photointerpretation of high-resolution QuickBird satellite
images obtained in Google Earth Pro and complemented it with.
Google Street View for detailed verification.

Data sources and techniques

We used official sources of information for all four cities. In
Medellin, we used data on public spaces, green areas, and road
networks available in the 2014 Territorial Plan (POT)?® and the
data updated by Cardenas et al. (2020). In both Colombia cities:
Medellin and Cartagena, we used demographic data available in

1 The maximum yield that a given land cover can eventually have to
supply a specific ES (Burkhard et al., 2012).

2 While one or more functional categories may be present in each
public space, the category is assigned based on the predominant
category.

3 POT stands for Plan de Ordenamiento Territorial in Spanish. This is
the official land use and territorial planning instrument used by local

governments in Colombia.
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TABLE 1 Case studies: Cities’ profile.

Medellin (COLOMBIA)

Quito (ECUADOR)

Cartagena (COLOMBIA)

10.3389/frsc.2022.796122

Valparaiso (CHILE)

Capital of the department of
Antioquia, Colombia. Main city of
the Aburra Valley Metropolitan
Area formed by 10 municipalities.
The city is divided in 14 urban
comunas and 3 rural

corregimientos.

Capital of Ecuador, located in
Pichincha province and is part of
the Metropolitan District of Quito.
Both the Metropolitan District and
the city are divided in parishes. 32
out of 55 urban parishes constitute
the city of Quito. In 1978 the
historic center was declared a

World Heritage Site by UNESCO.

Capital of the department of
Bolivar, Colombia. The city is
divided in 3 localities. It was an
important seaport in colonial
America. In 1984 the walled city
and the fortress were declared a
World Heritage Site by UNESCO.
In 1991 it became a National

Cultural and Touristic District.

One of the oldest cities and a
mayor seaport in Chile. It is
part of Greater Valparaiso, the
second largest metropolitan
area in the country. In 2003
the historic quarter of the city
declared a World Heritage
Site by UNESCO.

Located in the northwest of
Colombia in the Aburra Valley in
the Cordillera Central at
1475m.a.s.l.

Located in the northwest of
Ecuador, in the Western Andes
Mountains at 2850 m.a.s.l,
surrounded by volcanoes from the

Pichinchas Mountains.

Located in the north of Colombia
facing the Caribbean Sea to the

west at 2 m.a.s.l.

Located on the Pacific coast in
central Chile at 19 m.a.s.l. and
at 118 km to Santiago, capital

city.

110.2 km? of urban land and 270

km? of rural land

192.7 km? of urban land and 4,228

km? of rural land.

76 km? of urban land and 547 km?

of rural land.

323.9 km? of urban land and
77.7 km? of rural land.

2.371.330 inhabitants (DANE,
2018)

2.239.191 inhabitants (INEC, 2010)

887,946 inhabitants (DANE, 2018)

296,655 inhabitants (INE,
2017)

High levels of income inequality,
the Gini index has remained above
0.5. 76% of households are
classified in low to medium low
socioeconomic level, and only 13%
are in high levels (Medellin Como

Vamos, 2020).

By June 2018 Quito presents one of
the highest rates of extreme
poverty in the country (4.6%).
With 0.475, the city also registers
the highest Gini index in the
country (INEC, 2018)

In 2020, the GINI index rose to
0.50, 0.05 points more than in
2019. 12.6% of the population was
in poverty and 20% of households
in multidimensional poverty

(Cartagena Como Vamos, 2021)

In 2015, the GINI index for
the region was 0.456, slightly
lower than the country. In the
comuna, 14.1% to 18.5% of
people was in condition of
poverty by income and 16.3%
to 23.3% meet the criteria of
multidimensional poverty

(Observatorio Social, 2015)

Public space indicator has
remained stable, around 3.74
m?/inhabitant, but far off from the
proposed goal of 7 m?/inhabitant
(Medellin Como Vamos, 2018)

Public space indicator is 33.34 m?
per inhabitant including all
typologies of public space, and
24.05 considering only parks®
(Alcaldia de Quito, 2021a)

Public space indicator is 8.29 m?
per inhabitant including beaching,
plazas, pedestrian walk and other
typologies of public space

(Cartagena Como Vamos, 2021)

The public space indicator for
the entire region is 3.2 m? per
inhabitant which is lower than
the 4.2 m? for the country
(Camara Chilena de la

Construccion, 2018)

The biodiversity policy recognizes
that human existence and
wellbeing depend on the
functioning of biodiversity,
wherever it is found. It emphasizes
the social appropriation of
biodiversity as an alternative for
transforming our relationship with
nature. Thus, public spaces and
urban green areas have a very
important social and
environmental role in the city

(Acuerdo 48 de, 2014)

Constitucion Politica de Ecuador
(2008) recognized the right to full
enjoyment of the city and its public
spaces and to a healthy
environment. Territorial planning
is based on social and territorial
equity, it promotes access to public
space, adopts measures for climate
change mitigation, grants rights to
the nature and sets out the
management of the water with an

ecosystem approach.

The current Development Plan of
the city establishes in its strategic
lines a commitment to
conservation and sustainable use
and a provision of ecosystem
services, where integrating public
space to a sustainable development
of the city is proposed as a key
aspect (Acuerdo 027 de, 2020)

Given the community interest
in environmental issues, the
2019 municipal development
plan (PLADECO) proposed a
new line of action addressing
climate change and
adaptation. This approach
recognizes the need to link
sustainable ecosystems to the
natural and cultural heritage
of the city (Municipalidad de
Valparaiso, 2019)

Source: all references included in the table. ®While this is the official data, it is worth nothing that for 2020, the same source reported an indicator of 13.49 m? of public space per inhabitant

and 8.65 m? of parks per inhabitant.
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FIGURE 1

Case studies: Location and distribution of public spaces in (A) Medellin, (B) Quito, (C) Cartagena, and (D) Valparaiso. Source: Prepared by the
authors based on (Decreto 0977 de, 2001; Acuerdo 48 de, 2014; Cardenas et al., 2020; Alcaldia de Medellin, 2021; Alcaldia de Quito, 2021b;
Alcaldia Mayor de Cartagena de Indias, 2021; Ministerio de Vivienda y Urbanismo de Chile, 2021).

the 2018 Census (DANE, 2018) and calculated the density of
inhabitants per hectare we used population data at block scale.
In Quito, we obtained data on public spaces, green areas, and
the road network from the Geoportal of the Open Government
of Quito (Alcaldia de Medellin, 2021). We use demographic data
from the 2010 Census (INEC, 2010). Due to lack of official data
at block scale, we calculated population density by neighborhood
units. In Cartagena de Indias, we obtained data on public spaces
and green areas obtained from the 2001 Territorial Plan (POT),
and we updated it based on the information available at the
Interactive Map of Cartagena (Alcaldia Mayor de Cartagena
de Indias, 2021). In Valparaiso, we used public green areas
identified in the Geoportal of the Ministry of Housing and
Urban Planning (Ministerio de Vivienda y Urbanismo de Chile,
2021) and demographic data and road network compiled by
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the 2017 Census (INE, 2017). To calculate density, we used
population data at block scale (smallest unit of analysis).

Analysis of accessibility to public spaces
and urban green spaces

For the accessibility analysis, we used the Network
Analysis feature from ArcGIS 10.8. We built a Geodatabase
including public space classified by category, census data
by the smallest unit analysis available in each city, and
the road network. We calculated commute time of the
population on foot and under normal conditions with an
average speed of 4.5km/h (Stepniak and Goliszek, 2017; Rojas
et al., 2020). Given the distinct geographical and topographic
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TABLE 2 Functional categories of public space.

Categories

Definition

Example

10.3389/frsc.2022.796122

1. Tree predominance

2. Grass predominance

3. Hard zone predominance

4. Bare soil predominance

Areas with predominance of trees and shrubs that
correspond to the functional categories of vegetation with
the greatest potential to supply UES. Predominance was
determined by cartographic observation. These are the areas
that are considered to have the greatest potential to provide

UES.

Areas whose natural composition is functionally different
from the previous category and where vegetation has less
potential to supply UES: grasses and herbaceous vegetation.

These areas are also relevant in the provision of UES.

Areas with predominance of artificial cover that limit the
potential to supply UES to the population. These areas are
considered to have no relevant potential in the supply of

UES.

Areas where the absence of vegetation significantly decreases
the potential to supply UES to the population. Includes
beaches and areas with no land cover. These areas are

considered with minimal relevance for the provision of UES

Source: prepared by the authors.
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conditions in each city, we incorporated the variable slope in
the road network to estimate changes on pedestrian speed
in relation to the topographic characteristic (Post et al,
2009; Ledon and March, 2016) using an ALOS PALSAR
Digital Elevation Model (DEM)* (Figure 2). This information
shows that reduced walking speed is not only common in
mountain cities but also in coastal cities with hills, such
as Valparaiso.

The accessibility analysis was performed for all selected
public spaces but presented separately for urban green
areas (UGA), categories 1 (tree predominance) and 2 (grass
predominance), which have greater potential to provide

4 ALOS PALSAR DEM, from the Japan Aerospace Exploration Agency
(JAXA), is one of the cartographic resources available to access spatial
elevation information. In this case, the Hi-Res Terrain Corrected option

12.5m was used. Download link https://search.asf.alaska.edu/#/.

10.3389/frsc.2022.796122

UES. We estimated the number of people with access to
all public space and UGA in thresholds of 5min using
Kriging spatial interpolation This interpolation is a statistical
model that includes autocorrelation, that is, the statistical
relationships between the measured points, in the case of
study related to accessibility times. In addition to its ability
to produce prediction surface, it also provides measurements
of certainty and accuracy of predictions. The resulting maps
were cross-referenced with the maps of population densities.
To compare differences of accessibility to public spaces and
to UGA among the four cities, we performed a Kruskal-
Wallis non-parametric analysis (Spurrier, 2003; Seefeld and
Linder, 2007; Romero Villafranca and Zunica Ramajo, 2020).
This analysis was complemented with Dunn’s test to determine
the difference between the four functional categories of public
space in each city. Figure 3 presents a summary of our
accessibility analysis.
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Decrease in travel speed estimated by changes slope. Source: Prepared by the authors based on Post et al. (2009).
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Results

This section presents the spatial distribution of public
spaces, the spatial distribution of population densities, and the
results of the accessibility analysis. In the latter, we differentiate
between coastal and mountain cities to identify possible effects
of topography on accessibility. We also separate the analysis into
functional categories of public space that relate to the potential
supply of UES.

Spatial distribution of public spaces in the
four cities

In Medellin, public
throughout the city, although a greater spatial concentration

spaces are evenly distribution
is observed in the western area where important open spaces
such as the Atanasio Girardot Sports Unit, El Volador Hill, and
Nutibara Hill are located. Public spaces occupy approximately
8% of the urban area (837 ha), but these include large areas
corresponding with the “guardian” hills and the linear parks
along the streams that drain toward the Medellin river that
crosses the city from south to north (Figure 4A). Similarly, in
Quito, public spaces are also distributed throughout the city
and occupy approximately 10% of its urban area (1890 ha).
The largest areas located in the north and center correspond
with large parks, such as Bicentennial, Carolina, El Sena, the
Panecillo Forest, and the Machdngara River Park (Figure 4B).
Based on the functional categories assigned to public space,
79% of Medellin’s public spaces correspond to category 1
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(tree predominance) indicating a significant prevalence of this
category over the others. The remaining 21% is divided in 10%
in category 2 (grass predominance), 6% in category 4 (hard zone
predominance), and 5% in category 4 (bare soil predominance).
Considering this distribution, approximately 90% of public
space in Medellin has a high potential for direct provision of UES
(categories 1 and 2). In contrast, in Quito, there is no prevalence
of one of the categories. However, categories 1 and 2 (with 42
and 41%, respectively) represent 83% of the public spaces which
translated into high potential for direct provision of UES. In
Quito, categories 3 and 4 have a significant lower representation
(16 and 0.6%, respectively) than in Medellin.

In Cartagena and Valparaiso, the spatial distribution of
public spaces presents significant differences by category. Two
areas with large vegetal cover stand out in Cartagena, the
Albornoz hills, and the Ciénaga Las Quintas. These are both
are considered protected areas. Cartagena also has important
public spaces along the coastline (Figure 4C). Overall, public
spaces correspond to 8% of its urban area (627 ha). In contrast
to the other three cities, Valparaiso stands out for the scarcity of
public spaces. Only 1% of the urban area (approximately 33 ha)
is considered public space. These correspond to a few parks, a
beach, and some squares located along the Pedro Montt Avenue
(Figure 4D).

Regarding the functional categories of the public spaces,
Cartagena has approximately 69% of public spaces in category
1, 11% in category 2, 7% in category 3, and 13% in category
4. This distribution shows an important percentage of public
space with predominance of the natural elements which suggest
potential for direct provision of UES (categories 1 and 2). In
Valparaiso, only 38% of public space are in category 1 29%
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category 2 which adds to 67% of all public space with higher
potential for direct provision of UES. While this percentage does
not seem significantly different from the other three cities, it is
important to remember that in Valparaiso, only 1% of the urban
area corresponds to public spaces. Categories 3 and 4 correspond
to 14 and 19%, respectively.

Population densities in each city studied

A look at the population densities in the four cities
(Figure 5) helped us to complement the analysis of distribution
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of public spaces by assessing the relation between availability
of public space and population. In the four cities, more than
half of the urban area corresponds low density areas [<180
people per hectare (pph)]. However, in Quito, Cartagena, and
Valparaiso, this density range represents more than 70% of
the area (72, 79, and 80%, respectively), while in Medellin
it represents only 54%. In contrast, the mean densities
(between 180 and 480 pph) are much more similar in the
four cities, between 18 and 25% of their total area. The
proportion of areas with high population densities (between
480 and 840 pph) presents a much more marked contrast.
For example, 14.5% of Medellin’s urban area correspond with
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Population density: Medellin (A), Quito (B), Cartagena (C), and Valparaiso (D). Source: Prepared by the authors based on (INEC, 2010; INE, 2017;
DANE, 2018).

high density while Cartagena only 4.5% and Quito 2.6%.
In Valparaiso, high-density areas barely occupy 1% of the
urban territory.

While Medellin stands out for highest concentration of
population (7% of its urban area has population densities
>840 pph) in Quito, the other mountain city, we found four
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census blocks with more than 100,000 pph. Although these
densities represent <1% of the city area, in absolute terms,
these values that exceed, by far, the higher densities of the other
four cities. In contrast, the areas with very high densities in
Cartagena and Valparaiso are not representative since their total
is almost zero.
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Accessibility results

In the four cities, the population was included as a parameter
to assess the degree of accessibility to public spaces. We present
the results of accessibility to all public space of more than
5000m? (categories 1, 2, 3, and 4) as well as UGA (Categories
1 and 2). Assessing accessibility to all public spaces is important
because of the multiple benefits of proximity to public spaces
(Rigolon, 20165 Rojas et al., 2020) including improving the living
conditions of the population and health in general (Enssle and
Kabisch, 2020). However, a separate observation of accessibility
to UGA allows us to determine differential access to areas
with potential for direct provision of UES, particularly of
cultural and regulatory types. Benefits from direct provision may
include reduction of heat islands, reduction of pollutants, scenic
beauty, sport in contact with nature, among others (Young,
2010; Elderbrock et al., 2020). It is important to note that,
although UGA potentially offer more ES than other categories
of public space, the diversity, quantity, and quality of specific ES
depend on the structural diversity of the vegetation present in
each place.

This selected analysis of public spaces allows us to observe
changes in the access of the population to spaces with greater
capacity to provide ES in urban areas. As expected, by reducing
the analysis to UGA (categories 1 and 2), areas and population
with accessibility to these two categories are significantly
reduced, especially in coastal cities. The detailed analysis
below distinguishes between mountain and coastal cities. This
distinction helps us to see differences in accessibility to public
spaces and UGA in diverse topographies.

Mountain cities present high accessibility to public spaces.
As shown in Figure 6, more than 60% of the total area in
Medellin and Quito are under 15-min walk to a public space. In
Medellin (Figure 6A), this percentage reaches 62%, much higher
than the 8% located more than 30-min walking distance. The
remaining 30% of the city is between 15- and 30-min walk to a
public space. In Quito (Figure 6C), accessibility to public spaces
increases significantly with 75% of the city located <15min
away from these areas and only 5% of the urban area at more
than half an hour from a public space. The remaining 20%
corresponds to range intermediate range of 15-30-min walk.
In terms of population, this means that in Medellin, 4.6% of
the population is located more than 30 min away from a public
space and 76.8% live within 15-min walking distance. These
results are similar in Quito, where only 4.1% of people are
more than 30 min away and 81.4% are <15min away from a
public space.

Focusing the analysis on UGA (categories 1 and 2), there is
better accessibility to areas with a trees and grass predominance
in Quito with 65% of the city at <15min on foot from any
UGA (Figure 6D). This suggests that a significant percentage of
population is more likely to access the UES associated with these
areas. In Medellin, this percentage is reduced to 58% of the city
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area (Figure 6B). In terms of population, this variation translates
into 70% of people living in Quito having access to any given
UGA within <15-min walking distance vs. 73.8%, in the city
of Medellin.

In the coastal cities, the differences between public spaces
and UGA were also significant; therefore, it is difficult to
assume any incidence of topography in the accessibility to these
spaces. In Cartagena, 74% of the urban area is located <15-
min walking distance from a public space, very similar to results
from mountain cities. In contrast, in Valparaiso, only 22% of
the city is <15-min walking distance from any given public
space. Areas within 15- to 30-min walking distance to any public
space present important but not dramatic differences in these
two cities, with 20 and 33%, respectively. Finally, the area with
access within more than 30 min to any public space shows a
huge difference in these cities with 5% in Cartagena and 45%
in Valparaiso (Figures 7A-C). In terms of population, these data
suggest that 43% of the population in Valparaiso is located more
than 30 min away from any public space. In Cartagena, only 3%
of the population is located within this range, compared to 74%
of the population that can access any public space in <15 min.

Accessibility to UGA (categories 1 and 2) decreases
significantly in the two cities. In Cartagena, 50% of the city
has access to UGA within 15-min walking distance, while in
Valparaiso this percentage reaches only 14% (Figures 7B-D).
This result marks one of the main differences between the
mountain cities and the coastal cities analyzed. In mountain
cities, an important number of public spaces correspond to
categories 1 and 2, while in coastal cities this percentage
decreases significantly. This could be related to the fact that
public spaces in coastal cities often correspond to the beaches
or the immediate areas around them.

Comparative results

When comparing the ranges of time needed to access public
spaces and UGA in the four cities (Figure 8), we found that
for the 0- to 5- and 5- to 10-min ranges, access to all public
spaces is greater than to UGA in all four cities. However, in
Medellin, Quito, and Valparaiso, the differences are smaller than
in Cartagena. This does not mean that accessibility to public
spaces is similar in these three cities. As data show, in Valparaiso
<15% of the population has access to public space and to an
UGA between 0- and 10-min walking distance. This analysis also
shows that there are cases in which access to UGA is greater than
to all public spaces, but most frequently in accessibility ranges
over 15min (Medellin, Quito, and Cartagena). In Quito, this
greater accessibility to UGA is also present in the range of 10 to
15 min. In Valparaiso, greater access to UGA only happens for
ranges over 30-min walking distance.

This comparison shows that, in general, UGA are
less accessible than public spaces; however, it also shows
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Prepared by the authors.

the differences in accessibility to UGA are less critical
in the two mountain cities. In Medellin, particularly, an
important percentage of population concentrates evenly
in the ranges between 0 and 15min. This is true also
for Quito but here the highest percentage of population
concentrate on the range between 5 and 10min. These
conditions change considerably for the two coastal cities,
Cartagena and Valparaiso where the greater percentage
of the population concentrates in the higher time ranges
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15 to 30min and over 30min, with Valparaiso being the
worst case.

To visualize the distribution of data described previously,
we created a box plot (Figure 9) that shows differences between
the four cities. With this visualization, we identified very
dissimilar values and numerous outliers in the four functional
categories. For mountain cities, the distributions have a low
degree of dispersion and similar accessibility (similar medians,
maximums, and minimums) in the first three categories.
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For coastal cities, the level of dispersion in all categories
is higher. This demonstrates that there is greater spatial
dispersion of UGA in coastal cities compared to mountain cities,
which in turn increases the travel time needed to access any
given UGA.

To verify the previous results and to determine whether
accessibility was different for four different UGA groups for each
city, we conducted a Kruskal-Wallis H test. The test showed
that there was a statistically significant difference in accessibility
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between the four groups in each city (Table 3). To complement
this analysis and identify the difference between categories in
each city, we conducted a Dunn test (Table 4).

These tests showed that in:

Medellin X2(3> 11415) = 335.071, p < 0.0001; times were
lower in the 2 category (Md = 8.96313) in comparison with
the categories 1 (Md = 9.26915), 3 (Md = 9.74587), and 4
(Md = 47.5179).
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Quito x2(3, 14508) = 74.528, p < 0.0001; times were lower
in the category 3 (Md = 8.698445) in comparison with the
categories 1 (Md = 9.371748), 1 (Md = 9.530901), and 4
(Md = 13.31409).

Cartagena x2(3, 8665) = 144.219, p < 0.0001; times were
lower in the category 2 (Md = 9.039655) in comparison
with the categories 3 (Md = 9.756983), 4 (Md = 10.49462),
and 1 (Md = 11.27312).

Valparaiso x2(3, 2804) = 60.878, p < 0.0001; times were
lower in the category 2 (Md = 24.88799) in comparison
with the categories 1 (Md = 26.70816), 3 (Md = 28.74393),
and 4 (Md = 33.04135).

In contrast with the other three cities, in Valparaiso the
evidence shows that there is no difference in the levels of
accessibility between categories 1 and 2; 1 and 3; and 1 and 4.

Discussion

We have argued that considering distribution of, and
accessibility to, public spaces with different
characteristics is key to understand the potential of public

greening
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space as providers of UES that can be enjoyed directly by the
population. The literature has pointed out that UES contributes
to physical and mental health (Jennings et al, 2016; Vidal
et al, 2021) and potentially to social cohesion (Jennings
and Bambkole, 2019; Dobbs et al., 2021; Luca et al., 2021).
However, realizing these benefits depends to a great extent
on conditions of accessibility. Our results show significant
differences in accessibility to public spaces with different
greening characteristics in four cities studied, that is, for each of
the urban green areas in the cities and for each of the functional
types analyzed (Categories 1, 2, 3, and 4) inside them. We found
that in three of the four cities, more than three-fourth of the
population is located within al5-min walking distance to some
public space. This proportion indicates progress in terms of
integration of these are key elements into the urban fabric.
However, this progress is not evenly distributed in the city and
is not present in all cities. We cross-referenced the patterns of
accessibility with densities and found that the most densely
populated areas are precisely the ones more distant to any given
UGA and, therefore, the ones with most limited access to the
UES potentially provided by these spaces.

For example, in Medellin and Quito, the majority of the
population is <10-min walking distance from a public space
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which offers advantages in terms of improving quality of life,
wellbeing, and environmental conditions (Martinez-Valdés
et al.,, 2020; Rojas et al., 2020). In Cartagena and Valparaiso,
distances to public spaces and UGA are greater, resulting
in less access to the direct UES potentially provided by
these spaces. Understanding these differences is important
to inform urban policy striving to increase the potential
provision of UES through public space and to unlock the
environmental benefits associated with public spaces. At
city level, a homogenous distribution of public space with
structural diversity of the vegetation helps improve urban
quality of life by diminishing pollutants and environmental
(Pulighe
et al, 2016). At social level, accessibility to these spaces

noise, regulating temperature, among others
ensures that the population realizes the resulting benefits
to health, wellbeing, and social development (Jennings
et al, 2016; Enssle and Kabisch, 2020; Vidal et al., 2021).
This is particularly important in the Latin American urban
context commonly characterized by dense urban areas and
unplanned and spontaneous urbanization practices (Dobbs
et al., 2018) with important deficiencies in terms of social and
environmental infrastructures.

In Cartagena and Valparaiso, the two coastal cities, we
observed that greater access to public spaces coincides with
the most touristic areas, where there is also low population
density. This indicates that this space is oriented toward

visitors rather than local residents. In these cities, geographical
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and environmental conditions make the sea and beaches
more visible than other natural elements, such as urban
green. While more research would be needed to explore the
potential of these spaces as providers of ES, these cities could
consider the role that UGA and vegetation can play in terms
of wellbeing and environmental quality. In contrast, in the
mountain cities of Medellin and Quito, we saw a larger and
more homogenous distribution of UGA. Accessibility, however,
always diminishes considerably in peripheral areas. This could
be related to the geographical location of mountainous cities
and their environmental conditions, which effectively facilitate
the presence of vegetation in these cities. However, it also could
also be related to the management and implementation capacity
of Medellin and Quito, two large Latin American cities that are
committed to improve quality of life and promote sustainable
development.”> Mountain cities can continue to strengthen
their capacities to transform their territories by implementing
nature-based solutions and other urban planning strategies

5 Medellin, for example, is international known for its efforts in
neighbourhood upgrading and the recovery of key environmental
elements of the city such as the river and the occupied creeks. Quito
recently committed to bring nature and society together through the
redesign of public spaces and the reconfiguration of urban mobility in

55km of the Avenida Panamericana Sur.
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TABLE 3 Kruskal—Wallis H test for the four cities.

10.3389/frsc.2022.796122

Obs Medellin Quito Cartagena Valparaiso
Category # % # % # % # %
1. Tree predominance 7,619 66.75 2,458 16.94 2,523 29.12 894 31.88
2. Grass predominance 1,611 14.11 7,300 50.32 824 9.51 1,089 38.84
3. Hard zone predominance 1,999 17.51 4,281 29.51 824 9.51 444 15.83
4. Bare soil predominance 186 1.63 469 3.23 4,494 51.86 377 13.45
Chi-squared 335.071 with 3 d.f. 74.528 with 3 d.f. 144.219 with 3 d.f. 60.878 with 3 d.f.
Probability 0.0001 0.0001 0.0001 0.0001

Source: Prepared by the authors.

addressing adaptation to climate change and resilience-
building.

While the presence, proportion, structural diversity, and
composition of vegetation within the public space and UGA
are central to the potential offer of UES (De la Barrera et al,
2016), accessibility to these spaces in the city is determinant
for their direct enjoyment. For example, access to spaces
for sports and recreation can help release stress, contact
with nature may influence individuals' state of tranquility, in
addition being in nature is highly valued by the population
(Misiune et al., 2021). However, even if many urban inhabitants
have access to an UGA, not everyone will be able to
enjoy their benefits to the same extent and with the same
quality. Since the potential delivery of UES is limited to
the number of people that can occupy a given space at
the same time (Wei et al., 2015), it is important that local
governments commit to increase the quantity and improve
the quality of UGA. In addition, an extended and consistent
distribution of UGA provides links to the peri-urban and
rural environments of the cities, which guarantees better
ecological conditions of the green infrastructure. Ensuring
the continuity of the green infrastructures also ensures
long-term benefits and a wider potential provision of UES
in future.

If cities conceive and deliver networks of interconnected
planned UGA, where diverse structural vegetation and native
species are included, spatial and functional connectivity is
provided, and accessibility is guaranteed, we will be moving
toward more sustainable urban futures. However, as we
have shown, there are cities and sectors within cities where
UGA are located more than a 30-min walking distance
which limits the opportunities of their population to have
adequate direct access to UES potentially provided by these
spaces. Many times, this adds to the precarious conditions
of urban sector that already present greater deficit of urban
services, greater environmental issues, and greater challenges
to ensure quality of life and wellbeing for their inhabitants.
Giving the lack of nearby public spaces, many cities have
resorted to measures such as temporarily changing the use of
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streets to carry out sports or recreational activities, provision
of pocket parks that in small residual areas, etc. Though
important to improving quality of life, these alternatives do not
provide UES because they are not associated with a natural
offering (Gasca Moreno and Avila Quijas, 2020; Rojas et al.,
2020).

Ensuring widespread accessibility to public spaces and UGA
is also a matter of equity. While high-income sectors can
more easily access diverse ES associated with private natural
areas, such as clubs, natural areas in residential complexes,
etc.; most low-income sectors are forced to travel greater
distances to access the UES potentially provided by some
public spaces (Liu et al, 2021). Similarly, private green areas
and non-public reserves are, de facto, sources of UES that
provide ecological connectivity and bring benefits associated
with ES of regulation obtained mainly through spatial transfer.
However, they cannot offer the direct relation and potential
UES that UGA provide to society. These situations show
the importance of planning the provision of UES. Not
only they can contribute to improving quality of life and
promoting equity, but also support climatic adaptation for more
sustainable cities.

Beyond the importance of planning, cities face the
complexity of securing the production of UGA in densely
populated and highly urbanized cities. This is very important
in Latin America where access to UES in general is determined
to a large degree by localization and income. As pointed
out by Reyes Picke and Figueroa Aldunce (2010), in Latin
America, quality UGA are mostly located in high-income
sectors or planned zones where spaces for these uses have
been strategically reserved. In contrast, areas consolidated
through informal and unplanned processes have typically
bypass the provision of public spaces and green areas and
even disregard restrictions of occupation in protected areas,
such as riparian corridors. In the end, one of the greatest
challenges for sustainable development in Latin American
cities is to provide vegetated spaced and green areas capable
of offering UES that will improve quality of life for people
and environmental quality for the entire city. Facing this
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TABLE 4 Dunn's test for each city: Medellin (A), Quito (B), Cartagena (C), and Valparaiso (D).

10.3389/frsc.2022.796122

(A) Medellin
Comparison of time_medellin by uga_medellin
(Bonferroni)
Row mean - col mean 1 2 3
2 3.244764
0.0035
3 —9.12346 —5.429866
0.0007 0.000
4 —51.1 —17.9 —15.7
0.000 0.000 0.000
(B) Quito
Comparison of time_quito by uga_quito
(Bonferroni)
Row mean - col mean 1 2 3
2 0.737262
1
3 4.238312 4.678582
0.0001 0.000
4 —5.591959 —6.27604 7.998245
0.000 0.000 0.000
(C) Cartagena
Comparison of time_cartagena by uga_cartagena
(Bonferroni)
Row mean - col mean 1 2 3
2 10.877743
0.000
3 10.877743 —2.477609
0.000 0.040
4 4.052915 —8.856726 —5.005879
0.000 0.000 0.000
(D) Valparaiso
Comparison of time_valparaiso by uga_valpariso
(Bonferroni)
Row mean - col mean 1 2 3
2 0.376156
1
3 —0.756052 —1.081064
1 0.839
4 —6.972543 —7.449524 —5.487082
0.000 0.000 0.000

Source: Prepared by the authors.

challenge requires long-term actions and planning committed
to sustainability.

While our analysis focuses on the mobility of the population
as means to access UES, it is worth noting that UES are
not static and motionless. Spatial transfer of ES provided by
UGA could supply areas beyond their physical boundaries
that, without producing these services, receive their benefits
(Fernandez, 2019). This means that it is possible for the
urban population of a sector to get some benefit from UGA
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without direct access to them. However, this transfer will
depend on the physical condition of each UGA (area, shape,
quantity, quality, and ecological connectivity of its vegetation),
the distances to which the areas benefited are located, but,
above all, of the functional type of vegetation (Fernindez,
2019; Vidal et al, 2021). As regulating ES are among those
that have higher possibilities of spatial transfer to indirect
beneficiaries, planning natural elements within public spaces
could strengthen the potential supply of these UES. Cultural
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ES, on the contrary, can only be received through direct access
to the non-material benefits of nature. Therefore, ensuring
its provision becomes essential to improve these services
for citizens.

This study shows that associating UES to specific UGA
requires very detailed information on various attributes
that are complex to verify at city scale. However, at this
scale, it
arrangements, densities, or areas of vegetation required to

is not possible to generalize about species, spatial

supply one or more UES. Further research about increasing
the potential provision of UES can include more detailed
information about various dimensions that can strengthen
comprehensive planning of the urban greening, for example,
evaluation of land-use policies for provision of UGA and
regulations about protection of areas with environmental value;
studies about potential reintroduction of native species with
floristic diversity and alternatives to establish internal and
external ecological connections that could improve the supply
of UES.

Some ways to improve the accessibility to UGA is to make
them integral component of public space and environmental
policies, to include them in climate actions and resilience
plans, and to consider them when developing sustainable
and active mobility strategies. For example, strategies such as
the 15-min city (Moreno et al., 2020) propose public spaces
as core service that need to be close to any residence, not
always discussing their potential role in the provision of UES
through adequate vegetation and green areas. Conceiving and
planning public spaces as potential suppliers of UES is consistent
with environmental principles of ecological connectivity, social
principles of quality of life and wellbeing, and principles
of active mobility. It is an opportunity to move toward a
more sustainable urban development where a compact and
diverse urban form (De la Barrera et al, 2016; Rodriguez-
Valencia and Ortiz-Ramirez, 2021) meet the urgent needs
of climate adaptation (Masson-Delmotte et al, 2021) and
social equity.

UES is particularly important for those who have fewer
resources and live in high density where public spaces are
scarce. Our results show that cities, in general, are moving in
the right direction to provide public space to the population.
However, it is still necessary to increase provision and nearby
access to UGA, particularly in the coastal cities. More detailed
analysis of accessibility to different types of public space
would be necessary to determine potential direct provision of
UES based on functional categories. These analyses could be
complemented with more precise data about environmental
characteristics of these spaces and the actual ES associated
with such characteristics. We believe that this line of research
has a 2-fold potential. On the one hand, it opens the
debate about the need for a more equitable provision of
direct UES through public spaces. On the other hand, more
evidence about UGA as providers of UES could inform
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urban planning and policy processes and help advance cities
commitment with a more green, sustainable, and resilient
urban future.

Concluding Remarks

Access to public space for leisure and recreation, and access
to UGA are essential for the improvement of the wellbeing of
the inhabitants (Loftness et al., 2009). Improving accessibility to
UGA is an urgent task for sustainable urban planning (Barbosa
etal., 2007; Gupta et al., 2016) and a way to ensure a distribution
of the UGA that is equitable and connected with diverse natural
elements both inside and outside the city. Governments should
consider increasing the provision of green public spaces and
promoting equal access to them to improve the wellbeing
of the population. Yet, increasing the opportunities to enjoy
a healthy environment also requires a better distribution of
land uses and planning process committed to sustainability
that considers alternative ways to ensures direct access ES in
urban context.

We identified three limitations, mainly related to the
methodology: (1) the sources of observation are limited only
to the information provided by the satellite images available
in Google Earth; (2) the classification of typologies of public
spaces using satellite images does not permit detail sorting of
the spatial configuration and composition of the functional types
of vegetation; (3) It is not possible to be certain about current
state of the urban infrastructure that was used for accessibility
analyses; and (4) date of data on population varies broadly and
is dependent on official census.

Overall, this work shows the importance of conceiving and
planning public space as direct providers of UES. This requires
rethinking the multifunctional role of these spaces, considering
the provision, diverse configuration, and spatial distribution
of the green elements within these spaces; and incorporating
nature-based solutions in their design. The provision of UES
is an important feature to improve environmental quality
and positively impact people’s health and wellbeing. Cities
cannot continue relying solely on the UES provided by the
peri-urban and rural areas. They must work to ensure the
provision of UES on a small scale through public spaces
that are accessible to all the urban population and that are
connected to wider environmental networks contributing to our
territorial sustainability.
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This study used publicly available datasets for the territorial
analysis. For Valparaiso was retrieved from IDE Chile: https
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hyg. For Cartagena we retrieved data from https://midas.
cartagena.gov.co. For Quito we retrieved data from Quito
Geoportal, this website is not currently available online but all
data retrieved will be made available by the authors, without
undue reservation. For demographic data we use official census
data. For Valparaiso, such data is available at https://www.ine.
gob.cl. For Medellin and Cartagena, at https://www.dane.gov.co.
For Quito, we use data from the 2010 Census (INEC, 2010). Due
to lack of official data at block scale, we calculated population
density by neighbourhood units. All information about the data
is available in the manuscript.
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