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This study evaluates the use of virtual, human-interpreted, field observations using

Google Street View (GSV) to examine the presence of conditions that may be used to

analyze green gentrification in the Global South. We propose that green gentrification is

characterized by the introduction or improvement of green amenities (such as parks) as

well as corresponding changes to the urban context (such as facade materials). While

virtual field observations have been used to examine neighborhood context for other

applications, this method has not yet been applied to the study of green gentrification,

nor in the Global South. Using one urban park located in Talca, Chile, and in three urban

parks located in Santiago, Chile, we sought to address the following research questions:

(1) How do in situ and virtual field observations compare as methods of evaluating green

amenities and urban context? (2) What characteristics of green amenities and urban

context must be addressed to investigate green gentrification in the Global South?

(3) How do indicators of green amenities and urban context observed via virtual field

observations indicate the potential for green gentrification? In order to observe the

streetside conditions of the neighborhoods surrounding established, improved, and

new parks, we utilize the ground-level 360◦ imagery through GSV as an alternative to

in situ studies, which can be time-consuming, expensive, and logistically challenging.

Features related to the land use composition, building materials used, and the presence

of aesthetic improvements and pedestrian amenities were noted as potential indicators

of gentrification, and the correspondence between the two methods of observation were

evaluated. Results indicate that virtual field observations can provide a promising method

that may facilitate the identification and investigation of the effects of green gentrification

in the Global South, broadening the scope and application of this research. This

comparison offers insight into the use and comparison of virtual and in situ observations

for identifying green gentrification in the Global South and for the applicability of the virtual

observation method in this heterogeneous urban landscape, especially in cases with

unreliable or unavailable data.
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INTRODUCTION

Urban greening has become priority for many cities around the
world striving to become sustainable, resilient, and attractive
places, and many municipalities explicitly seek to redress
longstanding urban environmental injustices through urban
greening programs (Pearsall et al., 2012). Latin American cities
are also prioritizing greening because they generally have less
green space per capita compared to cities in the Global North,
because of the rapid pace of urbanization and the decision-
making dynamics that exist between developers and public
officials overseeing land use and zoning (Breen et al., 2020). With
increased greening efforts, there is a need to acknowledge the
burdens, disinvestment, and neglect that may span for decades
prior to the new investment in a community.

Previous studies provide substantial evidence of
environmental gentrification in many urban neighborhoods,
with a few exceptions (e.g., Eckerd, 2011). However, these
studies have often focused on single case studies of high-profile
greening initiatives (e.g., New York City’s High Line) in large
cities in the Global North (e.g., Chicago, New York, Toronto).
Further, the methods used by these studies largely depend on the
multi-date comparison of official governmental statistics (e.g.,
Census data regarding education, income, and ethnicity) or on
a survey or focus group of a subset of the population. While
these studies reveal the limits of the “green is good” mantra
(Connolly, 2019), the relevance of such findings to different
urban contexts (both within and among cities) has only recently
been explored (Anguelovski et al., 2018). Additional research is
needed to understand green gentrification in different contexts
and to critically examine the theories, methods, and findings of
research efforts based on studies in the Global North.

Many studies of green gentrification developed in the Global
North focus on how a new environmental amenity (like a park)
or environmental remediation (like brownfield redevelopment)
lead to gentrification because they increase the desirability of
the neighborhood, subsequently increasing property values (e.g.,
Toronto’s Don Lands waterfront: Bunce, 2009; Seattle’s public
green space planning: Dooling, 2009; Gowanus Canal, Miller,
2016). Yet, two dilemmas complicate the diagnosis of such classic
cases of green gentrification in different contexts. First, there
is a question of directionality. Which came first? Greening or
gentrification? Does greening actually cause gentrification or are
green environments a reflection of the desires of gentrifiers?
The majority of green gentrification research draws on supply-
side/market-led theories of gentrification premised on the idea of
an “environmental” rent gap (Bryson, 2012, after Smith, 1979),
or the idea that environmental disamenities (e.g., pollution) or
the lack of environmental amenities depress property values,
which rebound once environmental conditions improve. There
is empirical support for this theory (e.g., Gamper-Rabindran
and Timmins, 2013). However, some studies have found that
environmental improvements do not lead to gentrification (e.g.,
Eckerd, 2011) or that demands for environmental quality are
associated with the presence of gentrifiers (e.g., Mir and Sanchez,
2009) and their demands for more green amenities and improved
environmental conditions. Additionally, there are limits to

the rent gap theory to fully explain gentrification processes,
particularly in the Global South (López-Morales, 2015).

Globalization and policies of neoliberalism are intertwined
with gentrification in the Global South, flourishing in the
absence of the state presence in urban planning (Betancur,
2014; Janoschka and Sequera, 2016). In Latin America,
neoliberal urban regimes promote public-private partnerships
(PPP), which are integral to gentrification, with the maximum
return on investment as a deciding factor to allocate funding
for new projects in areas of cities that are suitable for
redevelopment. Seeking out the best investment segregates the
population according to wealth, displaces residents in historic
city centers, and impacts both immigration and emigration
between countries. Irazábal (2016) illustrates how PPP can be
harmful, using the city of Talca, Chile, inclusionary housing
strategy, which was implemented after the 2010 earthquake and
ended up promoting gentrification, not inclusion.

Previous research on gentrification in Latin American cities
focuses on various causes of such phenomenon, but not
specifically on the implementation of a greening or sustainability
plan. Notable examples include: the presence of private
educational institutions and universities in Santiago, Chile
(Borsdorf and Hidalgo, 2013), the actions of a specific investor
in the historic center of Mexico City’s historic center (Delgadillo,
2016), and the housing demand for a transnational middle class
in Panama City (Sigler andWachsmuth, 2016), among numerous
others. The latter illustrates what Sigler and Wachsmuth identify
as “globalizing gentrification or transnational gentrification”
(p. 706), showing globalization at its peak force wherein
gentrification is occurring because of an international, not local,
demand for real estate development—developments that may
not be inhabited by a local population. Additionally, the 2010
earthquake in Talca was the motivation for Letelier and Irazábal
(2018) to examine how the state, the community, and private
actors were not able to avoid gentrification of the affected areas
because of “neoliberalism type of urbanism,” despite the existence
of programs that heavily rely on participatory planning in the
design of neighborhoods.

Second, there is a question of scale. How local or global are
patterns of green gentrification across a city? This question is
particularly pressing, as much of the work on green gentrification
has been site specific and focused on one neighborhood or
one green space (Checker, 2011; Bryson, 2012; Curran and
Hamilton, 2012; Pearsall, 2013; Kern, 2015). The handful of
studies that have examined citywide trends highlight spatially
variable patterns (Pearsall, 2010; Abel et al., 2015; Anguelovski
et al., 2018; Immergluck and Balan, 2018). Research on the
Beltline, a large adaptive reuse project in Atlanta, Georgia, found
statistically significant differences in cumulative appreciation in
housing from 2011 to 2015 within a ½ mile of the Beltline and
housing beyond ½ mile (Immergluck and Balan, 2018); however,
changes in accumulation rates were not equal across the four
neighborhoods. Rigolon et al. (2018) identified characteristics of
parks that led to gentrification in the surrounding neighborhoods
in 10 cities in the United States and found that the location
and function of the parks were predictors of gentrification
outcomes. These findings suggest that gentrification is not an
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inevitable result of greening or park development and that certain
contextual factors may accelerate or mitigate green gentrification.

Although there are few studies examining green gentrification
in Latin America, there aremultiple studies that have investigated
access to urban parks in the region (Rigolon et al., 2018),
focusing on proximity, quantity, and quality. There is evidence
that higher-income people live closer to urban parks than lower-
income people in cities such as Santiago de Chile (Krellenberg
et al., 2014), Hermosillo, Mexico (Lara-Valencia and García-
Pérez, 2015) and Bogotá, Colombia (Scopelliti et al., 2016).
Moreover, quantitative studies on the quantity of urban parks
per capita show spatial inequality, i.e., high-income residents
have higher quantities of green space than low-income residents
in cities such as Mexico City, Mexico (Fernández-Álvarez,
2017) and Curitiba, Brazil (Macedo and Haddad, 2016). Some
studies suggest that best quality green spaces are in wealthier
neighborhoods in Santa Cruz, Bolivia (Wright Wendel et al.,
2012) and Bueno Aires, Argentina (De Mola et al., 2017). These
park-related socio-economic inequalities may serve as symptoms
of green gentrification and warrant further investigation.
However, how the influence of the park relates to the physical
and green amenities present in the surrounding neighborhoods
is not apparent through the comparison of secondary data and
would instead rely on in situ observations or, in the case of this
study, virtual observations.

It is well-known that wealth inequality is rampant in Latin
America. Amarante et al. (2016), reported that Latin American
countries have been known for their inequality for as long
as reliable statistics on income data has been available. The
wealth inequality gives insight to how green gentrification may
be evident in Latin America and how it differs from the
Global North. According to Janoschka, Sequera, and Salinas, “the
emerging discussions on gentrification in Latin America seem to
proffer enough mounting evidence to make the claim that there
are several types of gentrification to be found in this region that
do not necessarily resemble the sort of gentrification previously
found in the Global North” (López-Morales, 2016, p. 1110).
Green gentrification is just one of the several types to be further
explored, given increased attention to the aesthetic and health
benefits of urban vegetation and its subsequent desirability.

In addition to exploring the contextual factors that may
distinguish green gentrification in the Global South, researchers
may also need to use different types of data and methods to
detect gentrification. Gentrification research in Latin American
cities has relied primarily on property sales data, governmental
Census data, interviews, and policy analysis (see Delgadillo, 2016;
Gaffney, 2016; Inzulza-Contardo, 2016). However, in many cities
there may be either inconsistent or incomplete socio-economic
data available (Hinojosa and Hennermann, 2012; Haddad, 2015).
Additionally, census data and property sales data primarily
capture changes in exchange value of land andmay be inadequate
for detecting changes in use value. When comparing the Global
North and South, researchers in the Global North have better
access to accurate and timely data (Musakwa and Van Niekerk,
2015; Arsanjani et al., 2016), which allows more effective analysis
of changes in urban areas.

Cities that lack timely or complete data can greatly benefit
from field observations, but conducting these in situ can be costly,
in time and expenses, and may not be possible due to logistics,
safety, or restrictions. Google Street View (GSV), a service
available from Google with panoramic imagery stitched into a
continuous scene, can be used as a proxy source of virtual field
observations. The imagery is collected by Google’s car-mounted
camera and concurrently captures the location and direction
of each image, allowing them to be browsed and queried as a
comprehensive dataset. GSV has documented images from more
than 100 countries spanning every continent (Houser, 2018).
GSV has been applied to assessments of the built environment
and natural amenities, including the study of gentrification in
neighborhoods in Chicago (Hwang and Sampson, 2014) and
Ottawa (Ilic et al., 2019). Hwang and Sampson (2014) emphasize
that GSV is easily accessible and can provide visual indicators
of gentrification, such as “the structural mix of an area,” “visible
beautification efforts,” and “lack of disorder and decay” (p. 732–
733). Moreover, Ilic et al. (2019) discuss the benefits of using GSV
to reveal potential areas undergoing gentrification, especially
because GSV updates its visual data approximately every 1–
3 years, depending on location—more frequently than official
Census data, which is often used to collect similar information.
As Glaeser et al. (2018) argue, GSV has the potential to help
evaluate income dynamics in developing countries, where this
data might not be as readily available. Even though GSV is
not comprehensive in every possible locale—there may be no
data available within very low-income neighborhoods where car
access proves to be challenging—still GSV can be an effective tool.

This study contributes to research methods on how to
examine green gentrification in relation to park development
by utilizing a GSV method applicable to most cities that face
lack of official socio-economic data collected on a routine
basis. This method provides potential for addressing the two
green gentrification dilemmas described above because of the
ubiquity and temporal scale of GSV imagery. Rather than using
indicators from Census data, our approach incorporates more
relevant indicators related to the built environment that can be
derived from direct observation of the street-view imagery of a
particular location or neighborhood, even through the virtual
“lens” of GSV. Census data analysis provides a measure of
demographic changes that reflect gentrification, and the use of
GSV imagery may detect investments and improvements in the
housing stock. Ilic et al. (2019) discuss how the visual expression
of gentrification is an important yet under-addressed aspect of
the process, yet it is also an important sign of gentrification
(Hammel and Wyly, 1996).

We test our approach to detecting property improvements
using GSV imagery in a set of case studies from two different
cities in Chile, Talca and Santiago. Talca offered an opportunity
to examine urban context using both in situ and virtual field
collection surrounding an established park. Santiago was selected
because within Chile, Santiago is the city that best depicts the
effects of globalization and neoliberal policies in its territory and
has both established and newly (re-)developed parks across a
spectrum of neighborhood contexts. Both cities are experiencing
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greening initiatives, in response to new development and urban
renewal efforts.

To address the goal of understanding green gentrification in
the Global South, we sought to address the following research
questions: (1) How do in situ and virtual field observations
compare as methods of evaluating green amenities and urban
context? (2) What characteristics of green amenities and urban
context must be addressed to investigate green gentrification in
the Global South? (3) How do indicators of green amenities and
urban context observed via virtual field observations indicate
the potential for green gentrification? The study was conducted
in two phases: phase I included a systematic comparison of
in situ and virtual observation using GSV in Talca and an
evaluation of the survey instrument; for phase II, in the Santiago
Province using virtual observation only, we analyzed three buffer
zones set around each of three parks with different socio-
economic conditions, in order to identify patterns indicating
green gentrification in the neighborhood surrounding each park
and across the three neighborhood contexts. Our findings are
twofold and inform future efforts to evaluate green gentrification
in the Global South: (1) we demonstrated that variables that
represent green gentrification in the Global South differ from
previous studies in the Global North, and (2) our analysis using
GSV indicates that street-level imagery provides a promising
method that may facilitate the identification and investigation of
the socio-economic impacts of green amenities (or green amenity
investment) in the Global South.

MATERIALS AND METHODS

Study Area
Chile is a very urbanized country when compared to the world
population: it had 87.5% of its population living in urban areas
in 2018, compared to 55% of the world population (World
Bank, 2021). Its urbanization process was particularly affected by
the neoliberalization that started with the military dictatorship
(1973–1990) bringing segregation and inequality to the urban
fabric of several Chilean cities butmostmarkedly Santiago (Otero
et al., 2021). Like most countries from the Global South, urban
informality is part of Chilean cities. Specifically for Santiago,
Inostroza (2017) quantified the new urban peripheries, where
most informality takes place, and found that the spatial patterns
of development were “highly fragmented,” and corresponded to
32.6% of the total built-up area, having 13% of overall informality
(Inostroza, 2017). And to exacerbate this complex urbanization
process, the lack of planning in Chilean cities is contributing to
the formation of unsustainable built environments (Velázquez
et al., 2021).

This study was conducted in two urban areas in Chile: phase I
in the City of Talca primarily addressing research question 1 and
contributing to research question 2, while phase II in the core
of Santiago Province primarily addressing research questions 2
and 3. Figure 1 displays the location of the areas in the country,
and their territory. Talca, the largest city of the Maule region, had
a population of 222,357 in 2017. The nation capital Santiago is

the core of the province, divided into 32 comunas, with a total
population of 5,613,982 inhabitants in 2017.

Like many Latin American cities, Talca does not have
many urban parks. For the analysis, we chose a central park
called Cuatro Norte, a corridor that runs the length of 14
blocks west to east of Talca (Figure 3a). Even though Cuatro
Norte was established in 1742, in the original city plans, the
intent of phase I was to compare results from the in situ
and virtual field observations and to identify variables in a
typical urban context that may relate to green gentrification.
While the park is surrounded by stable neighborhoods that
may not be experiencing gentrification, Cuatro Norte offered
the opportunity to evaluate different variations of the built
environment, especially related to the presence and visibility of
green amenities on a block-to-block scale. Figure 2 shows the
location of Cuatro Norte within Talca, displaying a proxy variable
to measure quality of housing per census tract for 2017 from
Chilean national census. Low values mean that the area has very
good quality housing stock, and high values mean that the quality
of the housing stock has deteriorated. This indicates that the
Cuatro Norte park had different levels of housing quality in its
surroundings in 2017.

Talca has been the study area for a gentrification study, though
not in relation to greening. Inzulza-Contardo (2016) conducted
a study in four historic neighborhoods in Talca examining the
reconstruction process, following the 2010 earthquake, using
Cuatro Norte as a study area boundary. Their findings indicated
the presence of gentrification caused by housing subsidies,
allowing “urban plots and increasing land value rather than
the protection of owner conditions and/or affordability for
residents to keep living in the inner city” (Inzulza-Contardo,
2016, p. 2025).

For the Santiago Province we focused on three new or newly
renovated parks: Andre Jarlán, Bicentenario, andQuinta Normal.
These parks are located in three comunas with different socio-
economic characteristics, as shown in Figure 4. Andre Jarlán,
with an area of 320 thousand square meters, is located in the
southern Pedro Aquirre Cerda comuna and is a historic park that
was remodeled and reopened in 1997 (Figure 3c). Bicentenario,
with an area of 314 thousand square meters, is located in the
northeast Vitacura comuna and is the newest park out of the three
we chose (Figure 3d). It was built in 2007 with anticipation that
it would attract 75,000 new residents to the area (Lopez-Morales,
2011). Most parks are (in theory) designed to serve the public,
yet with the rise of novel, high profile parks, such as Promenade
Plantée in Paris or the High Line Park in New York City, city
officials around the world are inspired to build similar world-
class green spaces to generate economic development and attract
global attention. Bicentenario is an example for this category,
but in the Global South. Quinta Normal, with an area of 355
thousand square meters, is located in a western Quinta Normal
comuna and is also a historic park that was also remodeled with
new additions and more acres were added in 2008 (Figure 3b).

These are indeed very different comunas as Otero et al. (2021)
described in their cluster analysis: Pedro Aquirre Cerda was
classified as “lower-middle-class areas,” Vitacura was classified
as “affluent area,” and Quinta Normal was classified as “urban
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FIGURE 1 | Two study areas in Chile: City of Talca and Santiago Province.

crime area.” Rental housing affordability varies greatly between
the three comunas, as the study of Vergara-Perucich andAguirre-
Nuñez (2020) using 2017 data indicates: Pedro Aquirre Cerda
and Quinta Normal are more affordable when compared to
Vitacura, which has the highest rental housing price within
the greater Santiago region. This illustrates what Macedo
and Haddad (2016) describes as the process of ground rent
accumulation on the part of private largest-scale real estate firms,
and he argues that if this process remains untouched, segregation
will not stop.

Furthermore, even the spatial distribution of the bicycling
network in greater Santiago and its use by residents demonstrate
how segregated the capital is, with most travels being generated
at the east part, where Vitacura comuna is located (Mora and
Moran, 2020). From an urban ecosystems services perspective,
Dobbs et al. (2018) conducted a spatial analysis 1986–2014
and found that “Santiago showed a socioeconomic effect,
where social inequalities matched environmental inequalities
represented by lower provision of ecosystem services” (p. 1077).
Based on their study, Pedro Aquirre Cerda and Quinta Normal
would have experienced degraded ecosystem services during the
period of study, and Vitacura, a more affluent comuna, would
showed improved ecosystem services. Even though the city is
implementing Smart City strategies with the goal to diminish
this segregation, among others, Jirón et al. (2020) found that
some of these strategies “are intended to have a placebo effect”
(p. 615), i.e., they will not change the problem, but alleviate the

perception for residents will connect Santiago with the “world-
class city” concept.

Table 1 depicts characteristics of the three comunas, with
different population density varying from 3,104 to 14,041. One
can observe Vitacura had the largest amount of authorized square
meters of new construction during 2015–2020, contrasting with
Pedro Aguirre Cerda that had the smallest area of 33,366 m2.
These contrasting development levels may be related to the age
of the neighborhoods located in these comunas: Vitacura has new
neighborhoods on the edge of the province, and the other two are
traditional established comunas with older neighborhoods.

Figure 4 shows location of the three urban parks and the
percentage of population below the poverty line for all of the
comunas in Santiago Province for 2017. The western part of
the province was poorer than the eastern, direction to where
the region is growing. The three parks are located in different
gradients of poverty, being Bicentenario in lower poverty, Quinta
Normal in medium poverty, and Andre Jarlán in higher poverty,
when comparing the three. This figure illustrates López-Morales
(2018) statement about gentrification in Santiago: the wealth
distinction between comunas generates “material and symbolic
exclusion” of the less affluent.

Data Collection
In this study, we utilized GSV to virtually observe locations and
collect data based on human observation in Talca and Santiago,
Chile, to investigate whether this technology can be effective in
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FIGURE 2 | Percentage of housing units in Talca with irrecoverable housing materials, an indicator of housing quality (2017).

FIGURE 3 | Photos of Quinta Normal (b), Andre Jarlán (c), and Bicentenario (d), and Cuatro Norte (a) Sources: (b) Wikimedia Commons https://commons.

wikimedia.org/wiki/File:Parque_Quinta_Normal,_Santiago_de_Chile.JPG; (c) FAHNEU https://fahneu.cl/imagen/parque-andre-jarlan-pedro-aguirre-cerda; (d)

TripAdvisor https://www.tripadvisor.com/ShowUserReviews-g294305-d3236426-r329849129-Parque_Bicentenario-Santiago_Santiago_Metropolitan_Region.html;

(a) MAPIO https://mapio.net/s/25908192/.

evaluating key characteristics of the built environment in diverse
urban contexts. We aimed to determine whether GSV technology
can serve as a reliable and cost-effective method of analysis

compared to direct observation (Rundle et al., 2011; Kelly et al.,
2013; He et al., 2017). We also aimed to determine if GSV is
a viable and reliable method to investigate indicators of green
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FIGURE 4 | Percentage of population below the poverty line per comuna in Santiago Province (2017).

TABLE 1 | Characteristics of the three comunas where Santiago parks are located.

Comuna 2017 population 2017 # housing

units

Population

density (2017)

Building permits

2015–2020

Authorized construction

area 2015–2020 (m2)

Pedro Aguirre Cerda 101,174 29,906 14,041 469 33,366

Quinta normal 110,026 38,989 9,849 9,149 528,332

Vitacura 85,384 31,777 3,104 5,392 1,211,601

gentrification. For in situ and virtual data collection, we designed
a survey questionnaire. Questions about some notable features
which may represent green gentrification in the Chilean urban
context were included, such as land-use composition, materials
used in the façades, the presence of aesthetic improvements,
and pedestrian amenities. This survey was used in all four
parks: one for in situ observation in Talca, and four for virtual
observations: one in Talca and three in Santiago. The design
of the survey was a continuous process that was finalized after
four rounds of testing the instrument, by checking it with the
in situ and virtual built environment, as described in the data
analysis section.

When designing the questions, we considered the differences
in the built environments between Latin American and North
American cities. For example, we created a question in the survey
about the type of façade material because in Latin America,
buildings and homes use different materials depending on the
socio-economic level of residents. For example, the presence of

marble or glass as a building façade could indicate a higher socio-
economic level. There were also questions about security features
such as metal bars on windows and graffiti because this is a
common occurrence in many neighborhoods in Latin America
that indicates higher-socioeconomic and lower-socioeconomic
levels, respectively.

The survey instrument used in both Talca and Santiago
included 11 questions regarding neighborhood conditions and
amenities (Table 2). Each question response varied on a scale,
including Boolean, Likert (none, 0–25, 25–50, 50–75, over 75%),
or a choice of relevant options. Visibility questions utilized this
scale to indicate the proportion of the feature that was seen, and
questions of prevalence applied the same scale to the coverage
of the block surrounding the location under observation. The
question regarding the condition of the street applied the Likert
scale of prevalence to indicate the proportion of the roadway
affected by features such as potholes, cracks, construction, or
a continuous curb. Possible answers to questions had features
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that could be present in higher socio-economic areas such as
continuous curb along streets or in lower socio-economic areas
such as presence of potholes—both for conditions of street.

For Talca, we defined 37 locations in a regular grid of navigable
streets surrounding Cuatro Norte, using a stratified sample from
the park, extending four blocks north and south, and along
the park at two block intervals. Figure 5 shows Cuatro Norte
with the sampling locations: the 37 red points were used for
the virtual observation, and the 18 blue circles represent the
locations used for the in situ observation and comparison.
Identical surveys were used in both the virtual and in situ
observation. For in situ observations, looking ahead a block to
the north, south, west, and east of the exact standing location,
we recorded the precise longitude and latitude of the virtual
observation. Using a smartphone, we recorded responses to
the survey questions for the 18 locations. Independently, we
conducted virtual observations of 37 locations, with complete
overlap with the in situ observation. All imagery observed in
Talca was collected by Google in 2013 and 2015.

In Santiago, the boundaries of each park were delimited from
official shapefiles, and buffers of 500, 1,000, and 1,500m were
calculated using ArcGIS 10.6.1. Areas for which sampling was
impractical or infeasible (e.g., due to coverage of military bases,
conservation zone, golf course, a vacant lot, and museums)
were excluded from the buffer zones. Ten target locations for
observations were randomly calculated within each buffer with
a minimum distance of 100m between each point, for a total of
30 points surrounding each of the three parks (Figure 6). The
yellowish areas show places where gentrification is not possible to
occur (i.e., development not possible), including areas of parks,
golf courses, military bases, conservation zones, and museums.
Geographic coordinates were extracted from each point and
converted into location-specific links to target each point in
Google Street View for virtual observation. All imagery observed
in Santiago was collected by Google in 2014 and 2015, except for
5 locations observed in 2012.

Data Analysis
Responses from the Talca in situ and virtual surveys data
were compiled and summarized to address Research Question
1 establishing correspondence between the in situ and virtual
observations. In the case of ordinal variables along a scale, results
from each collection type were compared using direct agreement
(responses identical) and adjacent agreement (responses varied
± one step on a scale). The direct agreement and the adjacent
agreement were summed to yield a metric of total agreement
between the in situ and virtual field observations. To illustrate,
if the security feature metal fence in location x was 0–25% visible
in both in situ and virtual observation, it was considered direct
agreement. If the security feature metal fence in location x was 0–
25% visible in in situ and 25–50% visible in virtual observation, it
was considered adjacent agreement.

Next, we evaluated the response of each variable from Talca
for potential inclusion in the resulting analysis. In locations of
complete presence or absence, results were tabulated but not
further examined, as they offered no metrics of comparison.
For locations in which the responses differed substantially,

the differences were noted and discussed in terms of varying
conditions, timing of observation, or the feasibility of consistent
observation between the two methods.

Research Question 2 addressed the response of variables that
may indicate green gentrification and how they varied across
three park contexts and over distance from each park. Using the
three buffers (500, 1,000, 1,500), we conducted the GSV virtual
observation in the neighborhoods surrounding three Santiago
parks. Responses were summarized to presence vs. absence
when possible to clearly demarcate the patterns across the three
distance-based buffer zones. Variables for which the response
was not static (i.e., unchanged in magnitude among the three
buffers) were selected for increased examination. For example,
the presence of single-family dwellings diminished in frequency
over the three buffer zones surrounding one park, but increased
in frequency over the buffers for the other two parks. Similarly,
the presence of security window bars diminished with distance
from one park, decreased with distance from another park,
and were constant (i.e., consistently not present) surrounding a
third park.

In summarizing the Santiago virtual observation responses to
address Research Question 3, the proportion of presence of each
variable was compared in summary across all parks and across the
buffers between parks. These results were summarized inTable 3,
and sparkline graphs were generated to illustrate the direction
of the trend among buffers for each park, and the proportion
of variable response among all parks, per buffer and in total
(Figure 6). Line graphs among per park buffers indicate whether
the presence of each characteristic rose, fell, or remained constant
with distance from the park. For example, the presence of smooth
sidewalks is a feature of higher socio-economic areas. If the line
graph starts with high presence close to the park (500 buffer) and
decreases presence in 1,000 buffer and even more so in 1,500
buffer, then a trend for green gentrification could be observed.
Bar charts across all parks indicate whether a characteristic was
more/less prevalent per park at each respective buffer or among
all observations. To illustrate, the presence of decorative pavers
is a feature of higher socio-economic areas. If the bar chart starts
with high presence close to the park (500 buffer) and does not
change its presence in 1,000 buffer nor in 1,500 buffer, then no
trend could be observed.

RESULTS

Findings From RQ 1: Agreement Between
in situ and Virtual Observations
In response to Research Question 1, the correspondence between
the in situ and virtual observations in Talca was very high among
all survey questions (Table 3). For the visibility of the park,
all attributes were consistent via direct agreement. Streetside
elements like billboards, graffiti, green amenities, and litter were
observed with 100% total agreement, though direct agreement
ranges from 56.3 to 87.5%, supplemented by adjacent agreement
of 12.5–43.8%, likely due to the differing timing affecting the
abundance of the element but not its prevalence. Similarly,
the abundance of land use types was improved by the use of
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TABLE 2 | Topics of questions included in the survey.

Indicator Topics Examples of possible answers Scale

Higher property value characteristics Park visibility Yes, no Choice

Conditions of the park Benches, trees, grass, sculpture Presence/absence

Number of blocks to the park 0, 1, 2, 3 Integer

Stories of multi-family homes <5, 5–10 Choice

Conditions of the sidewalk Smooth surface, construction None, 0–25, 25–50, 50–75, over 75%

Conditions of the properties Poor, moderately well-kept Choice

Material of the façade Marble, glass, wood None, 0–25, 25–50, 50–75, over 75%

Security features Metal fence, security camera None, 0–25, 25–50, 50–75, over 75%

Lower-value Visible features Billboard, graffiti, broken glass None, 0–25, 25–50, 50–75, over 75%

Conditions of the street Potholes, cracks, construction None, 0–25, 25–50, 50–75, over 75%

Mixed Visible land use Hospital, hotel, parking lot None, 0–25, 25–50, 50–75, over 75%

FIGURE 5 | Sampling locations surrounding Cuatro Norte, Talca.

adjacent agreement, which accounted for 11.1–38.9% of the
observations, achieving 100% total agreement, except in the case
of multi-family homes at 95%. This pattern of near-complete
correspondence between the in situ and virtual observations
continued for all observed variables.

Findings From RQ 2: Characteristics of
Green Gentrification
Parsimony of observations aids in the detection of green
gentrification in the Global South. While the same survey
questions used in Talca were also used in the virtual-only

observations of Santiago, a subset is reported here to reduce
redundancy and highlight findings. The visibility of the park and
park features did not necessarily serve as a reliable indicator of
the presence of green amenities, due to the varying uses and
compositions of surrounding blocks and also the lack of visibility
from locations that were not adjacent or orthogonal to the park.

Similarly, many variables served as an indicator by a choice,
in that a building may not be made of more than one facade
material, so the use of a single choice served as an indicator
that other types may or may not also be present, based on its
proportion. In Santiago, the brick façade was more universally
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FIGURE 6 | Map of study area in Santiago with buffers and observation points.

common than any other type, so its absence indicated some other
type in use. Some variables were not mutually exclusive, such
as the potential presence of Single- or Multi-family Dwellings
and Businesses within a single block, or the different types of
security features.

Hence, the full suite of questions used in the survey was
reduced to include nine variables that may serve as indicators
of green gentrification in this study: the presence of green
amenities, the different types of land uses, the presence of
security features, and the condition and composition of the
facade and sidewalk materials. The comparative examination of
the presence of these variables can enable cross-site comparison
of green gentrification across a city, and the change of
each variable over distance from a single park can give an
indicator of the influence of the introduction or improvement of
the park.

Findings From RQ 3: Evidence of Green
Gentrification Near Parks in Santiago
For Santiago parks, results from the survey question responses of
the 9 location characteristics, with 10 observations for each of 3
distance buffers, at each of the 3 parks are summarized inTable 4.
Each of the nine variables illustrates an increasing, decreasing,
or stable trend across the per-park buffers, and this trend gives
insight into the characteristics of the urban context that may be

indicative of green gentrification. Additionally, one can visualize
the trend pattern of each of the variables with a linear sparkline.

For Andre Jarlán and Quinta Normal, there was a positive
(increasing) slope with increasing distance from the park
for Green Amenities, but Bicentenario exhibited an inverse
relationship, with the prevalence decreasing with distance from
the park.

Residential buildings (Single-family or Multi-family) also
exhibited differing trends among the parks, with an increase
in single-family dwellings with increased distance in the
neighborhood surrounding both Bicentenario and Quinta
Normal, but a decrease in single-family dwellings with increased
distance from Andre Jarlán. Multi-family trends were more
variable in response, with slightly v/n-shaped curves in all
cases, indicating differing neighborhood composition with
increased distance. It may be harder to see the effect of
green gentrification surrounding an established park like
Andre Jarlán and Quinta Normal because of the lag in
improvements in an established neighborhood. Because of
the neighborhood improvements following the introduction
of Bicentenario, many distance effects are more pronounced,
but also share similarities with the other two parks. For
example, the increased prevalence of multi-family dwellings
closer to Bicentenario may be reflective of increased land
values closer to the park, thereby indicating green gentrification
resulting from this introduction of this park. Security window
bars and security metal fencing (such as a shop or garage
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TABLE 3 | Agreement of survey responses between in situ and virtual field observations.

Survey question Agreement Survey question Agreement

Direct Adjacent Total Direct Adjacent Total

Is the park visible? 100% 0% 100% Landscape features

Grass well-maintained 100% 0% 100% Billboards 72% 28% 100%

Trees 100% 0% 100% Gardens 72% 28% 100%

Benches or other seats 100% 0% 100% Graffiti 67% 33% 100%

Art Installation 100% 0% 100% Trees 76% 24% 99%

Play equipment 100% 0% 100% Bushes 59% 41% 100%

Material of benches 100% 0% 100% Green amenities 56% 44% 100%

Blocks to the park 100% 0% 100% Broken Glass 88% 13% 100%

Visible land use Garbage 59% 41% 100%

Single-family homes 72% 28% 100% Conditions of streets

Multi-family homes 56% 39% 95% Potholes 94% 6% 100%

Industrial or warehouse 81% 19% 100% Pavement cracks 61% 39% 100%

Parking lots 83% 17% 100% Visible construction 100% 0% 100%

Vacant lots 78% 22% 100% Shoulder on side of the road 61% 33% 94%

Recreational facilities 89% 11% 100% Continous curb 100% 0% 100%

Hotels 67% 33% 100% Paved with asphalt 67% 33% 100%

Hospitals 83% 17% 100% Paved with concrete 67% 33% 100%

Businesses 50% 50% 100% Sidewalk conditions

Premium businesses 89% 11% 100% Smooth service 56% 39% 95%

Commercial buildings 56% 44% 100% Visible construction 94% 6% 100%

Stories of multifamily homes Paved with concrete 33% 67% 100%

<5 20% n/a n/a Decorative pavers 44% 56% 100%

5–10 stories 60% n/a n/a Cracks 50% 50% 100%

10–15 stories 50% n/a n/a On the sidewalk

Conditions of the properties Wide enough for 2 people 78% 22% 100%

Residential 39% 61% 100% Bicycle navigable 83% 17% 100%

Businesses 53% 47% 100% Material of the façade

Surrounding area 44% 56% 100% Marble 100% 0% 100%

Security features Painted concrete 100% 0% 100%

Metal bars on windows/doors 39% 61% 100% Wood 61% 39% 100%

Metal pull-down gate 33% 67% 100% Glass 56% 44% 100%

Security camera 94% 6% 100% Plastic Sididing 67% 33% 100%

Concrete fencing panels 72% 28% 100% Brick 72% 28% 100%

Metal fencing 28% 67% 95% Metal 72% 28% 100%

Wood fencing 78% 22% 100% Other 72% 28% 100%

door) also exhibited differing trends with distance, with
window bars more common adjacent to the park in the
neighborhood surrounding Andre Jarlán and increasing with
distance from Quinta Normal; the security metal fencing
exhibited the opposite pattern. Brick façades, smooth sidewalks,
and decorative pavers offered another line of discrimination
among the park characteristics, with differing trends for each of
the parks.

Summarizing the buffers across all parks yields insight into
the characteristics that may be most commonly recognized
as influenced by proximity to the park. Green amenities and
multi-family dwellings, along with security metal fences, brick
façades, and decorative pavers were most associated with the
newly-established Bicentenario park. By contrast, single-family

dwellings, businesses, and both types of security features were
emblematic of the neighborhood surrounding Andre Jarlán.
Smooth sidewalks were present in both of the neighborhoods,
surrounding Andre Jarlán and Quinta Normal, though this
characteristic did not vary dramatically with distance.

At the furthest buffer from the park, the neighborhood
composition has shifted, with green amenities most associated
with Andre Jarlán, single-family dwellings with Quinta Normal,
and multi-family dwellings with Bicentenario.

Across all observations, the neighborhood surrounding
Bicentenario is most rich with green amenities, decorative pavers,
brick façades, and multi-family dwellings, whereas businesses
were most prevalent surrounding Quinta Normal and single-
family dwellings (and security features) most associated with
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TABLE 4 | Prevalence of selected characteristics surrounding each park, in total and by 500, 1,000, and 1,500m buffers.

Park Andre Jarlán

Characteristics/Scale All points Buffer Trend

500 m 1,000 m 1,500 m

Smooth sidewalks 97% 100% 90% 100%

Security window bars 93% 100% 90% 90%

Security metal fence 93% 90% 90% 100%

Single-family dwelling 87% 100% 90% 70%

Brick façade 50% 50% 70% 30%

Multi-family dwelling 37% 50% 20% 40%

Business 33% 50% 30% 20%

Green amenities 30% 30% 20% 40%

Decorative pavers 0% 0% 0% 0%

Park Bicentenario

Characteristics/Scale All points Buffer Trend

500 m 1,000 m 1,500 m

Brick façade 97% 90% 100% 100%

Smooth sidewalks 97% 90% 100% 100%

Multi-family dwelling 87% 70% 100% 90%

Security metal fence 87% 90% 90% 80%

Decorative pavers 53% 40% 80% 40%

Green amenities 50% 70% 50% 30%

Business 47% 40% 50% 50%

Single-family dwelling 33% 30% 20% 50%

Security window bars 0% 0% 0% 0%

Park Quinta normal

Characteristics/Scale All points Buffer Trend

500 m 1,000 m 1,500 m

Smooth sidewalks 97% 100% 100% 90%

Single-family dwelling 70% 60% 60% 90%

Security window bars 70% 60% 60% 90%

Business 57% 30% 40% 100%

Security metal fence 53% 60% 70% 30%

Brick façade 50% 20% 60% 70%

Multi-family dwelling 47% 50% 70% 20%

Decorative pavers 30% 20% 30% 40%

Green amenities 23% 10% 30% 30%

Andre Jarlán. The responses to these variables helped to interpret
evidence of green gentrification based on their patterns.

The Santiago analysis showed that virtual field observations
can indicate green gentrification based on the spatial patterns
seen from buffer to buffer. There was variation in the types
of characteristics indicating gentrification among Bicentenario
and Ardre Jarlán. Bicentenario’s strongest indicators of green
gentrification were green amenities and a security fence.
Andre Jarlan’s strongest indicators were single-family homes,
businesses, and security window bars. Quinta Normal, arguably,
did not demonstrate any strong spatial patterns of green
gentrification across any indicators, potentially because it is
difficult to attribute that change of the built environment to the
parks if they have been there for many years.

DISCUSSION

One of the goals of this study was to assess how well GSV fared
in surveying the built environment and to understand how this
compared with an in situ study. Based on the comparison to an in
situ observation, we learned that GSV has the ability to effectively
capture conditions of the built environment and it may be a
valuable tool to measure green gentrification. It is an interesting
and potentially exciting approach to study green gentrification,
and our findings support similar research on in situ and virtual
GSV studies on gentrification in the Global North (Hwang and
Sampson, 2014; Ilic et al., 2019).

This finding supports the use of GSV to complement and
extend methodology previously used, which largely rely on
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comprehensive secondary governmental or commercial data
sources. In this way, GSV-based observations mirror the
insights from in situ by offering precise locational information
regarding a range of factors uncommonly captured by aggregated
data. Further, GSV offers an advantage of being nearly
comprehensive in coverage, with increasing potential formultiple
observations over time. However, our results suggest that
this approach must be used with caution because there are
potential challenges.

From the Talca phase, two issues should be kept in mind as
the methods presented here should be utilized in other studies:
day of in situ visits, and year of the street-level imagery. Both
issues are related to some features that were either not seen or
did not appear in the virtual observation in comparison to the
in situ, and vice-versa. First, the day of week chosen for in situ
observations made a difference in what one could observe. The
Talca in situ took place on different days. One day was Sunday
when most stores and businesses were closed, making it easier to
observe the streets, andmore was seen in comparison to the other
in situ visits not on Sunday. Second, if GSV images are older, then
during virtual observations some features that were added to the
built environment after the images were taken, will be present in
the in situ but not in the virtual observations, which may mislead
the results.

Concerning the survey questionnaire, there were questions
such as the building façade that did not show a lot of variability.
On the other hand, the survey question about multi-family
and single- family homes gave us more variability, leading to
meaningful information based on what was already known
about the socio-economic background of that park. The results
highlighted what key questions or variables should be used to
address green gentrification in the Global South. For future
survey questionnaires additional topics that could be included
to bring more insights about green gentrification follow: the
level of maintenance of the buildings, the presence and level of
maintenance of landscape projects in the buildings surroundings,
and the presence and conditions of electric poles in the sidewalks.

Our study highlights the importance of understanding the
local context to develop relevant indicators based on street-level
characteristics. Local knowledge about neighborhoods needs to
be incorporated into the interpretation of indicators. Engaging
local experts to guide the decisions about greening is essential for
well-informed decision-making processes.

The results of this study suggest that there is a complex
relationship between park investments and property upgrades,
such that gentrification isn’t an inevitable consequence of

creating new parks or renovating existing ones. The data analysis
showed some indicators of property upgrades in close proximity
to the parks, but the indicators showing gentrification-related
trends varied across all three parks, and multiple indicators did
not show evidence of upgrades. These results complicate the
park-gentrification relationship, similar to several recent citywide
studies of green gentrification that show that gentrification isn’t
an inevitable outcome of park investments. Rigolon and Németh
(2020) study of ten cities in the United States found that park
function and location were stronger predictors of gentrification
than park size. Similarly, Pearsall and Eller (2020) found that
parks likely anchored gentrification in certain neighborhoods,
but was not a driver of gentrification in others. Finally, Kim and
Wu’s (2021) study of parks in New York City revealed that park
characteristics had an impact on gentrification outcomes over the
medium- and long-term. While these three studies are all based
on North American cities, our study contributes an additional
line of evidence of the complexity of park-related gentrification
based on a study in Latin America. Further, our study is one of the
first that focuses on property upgrades, rather than demographic
change, which provides a new perspective on neighborhood
redevelopment linked to park investments. Given that our study
did not show strong or consistent evidence of gentrification in
proximity to the three parks, these parks might be an example
of “just green enough” park development. This concept suggests
that neighborhoods can be greened or improved, but not to
the point that they attract substantial additional investment to
become gentrified. We suggest that there is need for further
research on neighborhood dynamics surrounding the three parks
to understand if these park investments represent a “just green
enough” example, or if other local or city processes are driving
neighborhood investments that may result in gentrification
over time.
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