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Introduction: Informal settlements in Peru face critical challenges related to the
lack of urban planning, limited access to basic services, and high environmental
vulnerability due to their location on hillsides and risk-prone areas. These settlements
develop without regulation, exacerbating problems such as lack of potable water,
inadequate sanitation, and poor solid waste management.

Methods: This study aimed to develop and apply a comprehensive evaluation model to
understand the complex relationship between environmental and urban sustainability in
informal neighborhoods. The model is based on an ecosystem approach that combines
geospatial analysis, Geographic Information Systems (GIS), and participatory tools to
analyze how factors such as migration, the market, and state policies impact sustainability.

Results: The results reveal a significant correlation between basic service coverage
and the reduction of environmental vulnerability, as well as between urban
development policies and territorial occupation dynamics.

Discussion: It is concluded that the proposed evaluation model can serve as a
valuable decision-making tool for the formulation of local policies. These policies,
tailored to the specific needs of each neighborhood, are essential to promoting
sustainable development and improving the quality of life of their inhabitants.

KEYWORDS

environmental vulnerability, informal settlements, territorial occupation, urban policy,
urban sustainability

1 Introduction

Globally, an accelerated urbanization process has been observed. However, the geographic
distribution of this growth has been heterogeneous (Farooq et al., 2022). Less developed
regions have experienced significantly higher urbanization rates than more developed ones,
with an annual average of 2% versus 0.5%, respectively. Rapid urbanization, combined with
an ongoing land crisis, has accentuated informal occupation, posing severe constraints to
urban management and planning (Mahabir et al., 2016; Takyi et al., 2022). In Latin America,
informal settlements are a multifactorial phenomenon, where climate change acts as a
significant aggravating factor. Reports from the Intergovernmental Panel on Climate Change
(IPCC, 2023) indicate that increasing extreme weather events, such as droughts and floods,
displace millions of people annually, many of whom settle in high-risk urban areas such as
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hillsides and riverbanks. Furthermore, the FAO (2024) has
documented how climate change reduces agricultural productivity,
exacerbates rural poverty, and triggers rural-to-urban migration. This
displacement, coupled with the lack of urban planning and rising
inequality, contributes to the expansion of informal settlements, where
vulnerability to climate impacts is heightened.

Informal settlements—defined by irregular land tenure,
unregulated housing, and lack of urban planning—include a wide
range of dwelling forms, from precarious and recently established
occupations to more consolidated but legally unrecognized
neighborhoods (UN-Habitat, 2024). These areas are characterized by
unsafe housing conditions, inadequate access to essential services such
as water and sanitation, overcrowding, and limited living space, all of
which contribute to high socio-spatial vulnerability (Cities Alliance,
2025).

informality, and the lack of employment opportunities, forming a

This vulnerability is further compounded by poverty,

cycle of exclusion and susceptibility to environmental disasters.

In contrast, formal neighborhoods are defined by structured
urban planning, developed infrastructure with access to basic services,
and housing built in compliance with legal standards, ensuring secure
land tenure (Aulestia and Lana, 2024). Rodriguez Rivero and Mufioz
Unceta (2017) argue that slums in major Latin American cities have
expanded informally due to a demographic explosion linked to rural-
to-urban migration. Since the 1990s, neighborhood upgrading
programs have been implemented to integrate these autonomously
growing areas into the formal urban fabric. Throughout the 20th
century, these neighborhoods have driven various improvement
initiatives based on urban studies, primarily aiming to enhance
residents’ quality of life.

Informality, intrinsically linked to vulnerability, has traditionally
been conceptualized as a combination of poverty, informal labor, and
precarious housing (Contreras Gatica and Seguel Calderon, 2022).
However, this lens is insufficient to capture the social heterogeneity of
informal settlements. It is important to recognize that these
environments include families with diverse socioeconomic
backgrounds, including those with formal incomes, challenging the
simplistic link between poverty and informality (Boldrini and Malizia,
2017). Accordingly, informal settlements in several developing Latin
American countries have been the focus of upgrading plans and
programs (Sierra et al., 2024). Notable cases include the Favela-Bairro
Program in Rio de Janeiro, Brazil; the Integrated Urban Projects in
Medellin, Colombia (2003); and the Barrio Mio (2012) and
Neighborhood Upgrading Program (2004) in Peru. In Lima, the
Barrio Mio program created participatory urban plans (PUIs) in 17
vulnerable neighborhoods, later expanding to 40 (Navarro de
Corcuera, 2014), based on an urban vulnerability study (Moyano
Molina, 2015). However, this program was discontinued in its second
year, and the implementation phase was never reached. Fort et al.
(2017) note that the initiative aimed to establish intervention
methodologies centered on planning and citizen participation, thus
promoting the idea of sustainable informal neighborhoods.

The concept of “sustainable informal neighborhoods” emerges
from the convergence of several frameworks: social urbanism, which
prioritizes improving living conditions in marginalized areas;
sustainable development, which integrates environmental dimensions
into urban planning; the theory of popular habitat, which emphasizes
the active role of residents in building their communities; and the
rights-based approach, which recognizes the right to dignified housing
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and access to basic services (UN-Habitat, 2015; Romero-Martinez,
2021; Fernandes, 2011; Vera and Sordi, 2021).

The ecosystem approach, as applied to neighborhood
development, is grounded in systems theory, which conceptualizes the
city and neighborhood as informal urban ecosystems (Garcia-Pelayo,
1975; Gonzalez-Gonzalez, 1979). This perspective acknowledges the
complex web of interactions between natural and social elements that
shape these spaces (Kaiser and Alkter, 2025). It considers informal
neighborhoods as dynamic systems whose lack of planning and
service provision impacts environmental health and well-being.
Historically, sustainable urban planning has promoted the integration
of ecological principles into urban design, viewing cities and
neighborhoods as interconnected ecosystems (Geddes and Vallina,
2009). This systems-based perspective supports strategies that balance
developmental needs with ecological, social, economic, and
governance dimensions (Haou et al., 2025).

Applying the ecosystem approach to neighbourhood planning
involves a deep analysis of interactions between variables such as
water availability, waste management, air quality, and vegetation cover.
Research has shown that incorporating ecosystem principles into
neighborhood design increases wurban resilience, reduces
environmental vulnerability, and promotes social equity (Yamagata
and Sharifi, 2018; Bush and Doyon, 2019). In Peru, where slums have
often been studied within limited or traditional policy frameworks,
the ecosystem approach presents a new planning paradigm. Mar
(1977) was a pioneer in studying Lima’s slums, emphasizing the role
of collective practices and cultural values. This study builds upon
those foundations and adopts a comprehensive, interdisciplinary
framework—encompassing economics, public health, technology,
social sciences, and habitat sciences—to analyse hillside informal
neighbourhoods using sustainability indicators (Morandin Ahuerma
and Contreras Hernandez, 2017). The aim of this study is to develop
and apply an integrated evaluation model to understand the complex
relationship between environmental and urban sustainability in

informal neighbourhoods.

2 Methodology

Figure 1 presents a structured research workflow, starting with the
research design where objectives and the general methodology are
defined. This is followed by an analysis of the population
(neighborhoods) to understand their characteristics and context. The
delimitation of the population sets the boundaries of the study,
followed by the application of the data collection instrument to gather
relevant information. The collected data is analyzed and processed,
preparing the ground for the exploration of territorial occupation
logics and the development of a sustainable neighborhood model. The
methodology concludes with the application of Spearman’s correlation
coefficient, which seeks to establish the relationship between territorial
occupation logics and the sustainable neighbourhood model. This
comprehensive approach, which combines quantitative and qualitative
analysis, provides a deep understanding of the dynamics between
territorial occupation and sustainability in the neighbourhoods
studied, generating knowledge applicable to urban planning and
sustainable development.

According to Navarro (2017), IBES adapts the Emerging and
Sustainable Cities Initiative (ICES) to the neighbourhood scale,
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FIGURE 1
Workflow of the integrated evaluation model for urban sustainability
in informal neighbourhoods.

focusing on habitability and territory to regenerate vulnerable areas
in Latin America and the Caribbean (Figure 2). This initiative is
based on the creation of an indicator system that enables visualization
of future scenarios, their costs, and impacts. The relevance of these
indicators is supported by the scientific literature linking housing
quality to health and well-being (He et al., 2025), access to green
spaces to mental health benefits and urban heat mitigation (Nguyen
and Waibel, 2021), and sustainable mobility to pollution reduction
and quality of life. This indicator-based approach enables informed
decision-making and robust monitoring of progress toward
sustainable and planned neighbourhoods.

The IBES methodology promotes not only measurement but
also integral development and sustainable habitability through a
systemic approach and a toolset that addresses environmental,
urban, fiscal, and governance sustainability indicators. Its
effectiveness is supported by urban planning and sustainability
theories that highlight the interconnection of these dimensions
(Son et al, 2023), as well as community governance studies
emphasizing the role of citizen participation in ensuring ownership,
sustainability, and legitimacy of regeneration projects (Kiss
et al., 2022).
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The study was conducted in the Ocopilla peasant community,
located in the district of Chilca, Huancayo province, Junin region,
Peru (Figure 3). This community comprises urban, peri-urban, and
rural zones. The neighborhoods of San Francisco de Asis, Pischcana,
and Hualashuata are located in the “La Esperanza” hillside, a peri-
urban area of Ocopilla. The focus of the study was specifically on the
San Francisco de Asis neighborhood, which covers 9.96 hectares, as
indicated in the Metropolitan Development Plan (PDM-Huancayo),
and falls within the Hillside Enabling Zone (ZHL) and Ecological
Protection Zone (ZPE).

The Ocopilla community was chosen due to its complex and
dynamic structure, characterized by formal and informal land
occupation, land subdivision, and lot commercialization. These
features make it a living laboratory for territorial studies (Figure 4).
The selection is also justified by the presence of various social,
economic, cultural, and regulatory challenges such as rural-to-urban
migration, post-conflict impacts from the 1980s violence, land
invasions, informal property markets, limited access to basic services,
and diverse forms of vulnerability. The San Francisco de Asis
neighborhood was selected as a case study due to its illustrative mix
of formal and informal development and socio-territorial dynamics.
To collect primary data, a questionnaire survey was administered to
residents. Land occupation processes from 1990 to 2024 were analyzed
using Google Earth imagery and the SUNARP geoviewer.

In Peru, informal settlements can exist within rural or peasant
communities, according to two dominant theories: the indigenist
thesis and the Hispanic thesis (Zevallos Yana, 2021). The urban-rural
distinction is defined by population thresholds. INEI defines urban
areas as those with 2,000 or more inhabitants, and rural areas as those
with fewer. Mamani-Machaca (2021) suggests 15,000 as a more
appropriate threshold for international comparisons, while other
sources suggest 10,000 or 5,000 (INEI, 1996). This study thus considers
peri-urban areas with informal dynamics under the framework of
urban sustainability and planning (Figure 5). The questionnaire was
reviewed by four experts and piloted with 30 property owners. Its
content validity was assessed using Aiken’s V, with 95% confidence,
while construct validity was evaluated with Pearson’s corrected
correlation for ordinal Likert-type items. The instrument’s reliability
was tested using Cronbach’s Alpha. The final sample included 50
homeowners from 170 registered households, based on a projected
population of 850 residents across 16 blocks.

We also considered regulatory frameworks such as Slum Law No.
13517 (1961), which addresses the remodeling, sanitation, and
legalization of human settlements in urban and suburban areas. In
Peru, land ownership in rural areas is established as collective
property, with inalienability protections (Lambert, 2021; Riofrio,
1991). The methodological approach views the informal hillside
neighborhood as an open-system and progressive urban
transformation process (Siez Girdldez, 2015). We used advanced
geospatial technologies including ArcGIS, QGIS, Global Mapper,
AutoCAD, and Civil 3D to analyze the territory across scales.
Ecological territorial planning helped identify spatial trends using
cartographic methods (Lopez et al., 2022). For neighborhood
characterization, we drew on academic literature, regulatory
documents (PAT-Huancayo, PDM, PDU-Chilca), and the IDB’s
Action Plan. Data collection involved drone-based photogrammetry
and historical maps (Google Maps, INEI censuses). A notable
demographic increase occurred around 2017.
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Process of communal land occupation in San Francisco de Asis neighborhood.

3 Results

3.1 Relationships between territorial
occupation logic and the theoretical model
of a sustainable neighborhood

The model proposed in this research is based on variables related
to territorial occupation logic and the sustainable city model, applied
to the context of the slopes of the La Esperanza neighborhood in the
district of Chilca, Huancayo province. According to the diagnosis
conducted by the BID ICES-Huancayo Action Plan (Granja Bastidas
etal., 2017), Huancayo presents significant advantages, such as its low
per capita water consumption, 100% renewable energy use, and low
unemployment rates. However, critical areas requiring improvement
were also identified, including education, security, health, citizenship,
and expenditure management. Moreover, there are major challenges
in water and sanitation, solid waste management, territorial planning,
urban mobility, fiscal sustainability, and governance.

3.2 Improvement plan for informal
neighborhoods and sustainability
indicators

The study reveals a lack of previous experience with neighborhood
improvement programs in developing countries like Peru, particularly
in the study area, highlighting the need for improvement plans and
sustainability indicators (Figure 6). For instance, in Lima, the Barrio
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Mio program (2012) aimed primarily at participatory planning, while
in Huancayo, considered an emerging sustainable city by the BID
ICES (2014), sustainability indicators were applied to the formal city
but not to the informal neighborhoods located on the slopes of La
Esperanza in Ocopilla, Chilca-Huancayo. According to Larios, Richter,
and Samper (Granja Bastidas et al., 2017), the rapid diagnosis in
Huancayo included an assessment of 23 themes and 117 indicators
based on three methodological pillars of the CES program.

3.3 Territorial scalability

On the neighborhood scale, according to Granja Bastidas et al.
(2017), urban processes range from the individual and housing scale
to the macro-scale of the neighborhood and city. These multi-scale
processes are crucial for understanding the causes and effects of urban
inequality and for developing appropriate solutions. Simon-Rojo
(2021) emphasizes that medium and small cities, as well as towns,
share some responsibility in these processes but lack sufficient budgets
and adequate professional teams. Therefore, the importance of the
neighborhood scale is highlighted, which is largely unexplored by
centralized governments despite its fundamental role in urbanization,
economic, and social processes. The use of advanced technology, such
as data processing through GIS, is required to obtain precise data,
given that most state-provided data are of larger scales, limiting their
applicability to the neighborhood scale.

The analysis focused on the San Francisco de Asis neighborhood,
where the networks of vulnerable transversal logics affecting hillside
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FIGURE 5

Evolution of the urban footprint of the San Francisco de Asis neighborhood according to INEI data (Lizmova and Cartografa, 2007).

neighborhoods were examined. The results indicate that 1,190
inhabitants of the San Francisco de Asis slum, comprising 170
households, benefited directly, according to the INEI censuses of
1993, 2005, 2007, and 2017. Additionally, the rural communities of
Ocopilla and Azapampa, the Water and Sanitation Services
Administration Boards (JASS), and neighboring neighborhoods
benefited indirectly.

Figure 7 presents the neighborhood evaluation model, which
incorporates theoretical aspects of neighborhood models grounded in
the ecosystem approach. It also integrates a matrix of indicators
tailored to the specific context and location, using a case study to
analyze the complex relationship between environmental and urban
sustainability indicators in informal settlements. Furthermore, the
model is conceived as a progressive process and an open ecosystem,
enabling the integration of new theories and context-specific
indicators in response to the dynamic nature of informal
hillside neighborhoods.

3.4 Relationships of environmental and
urban sustainability indicators

Regarding the indicator matrix, Navarro de Corcuera (2014)
mentions that the Emerging Sustainable Neighborhoods Initiative

Frontiers in Sustainable Cities

(IBES) adapts to the Emerging Sustainable Cities Initiative (ICES). The
application of the indicators at the neighborhood level focuses on
habitability and territorial aspects, based on a comparison and
selection of relevant IBES indicators and the scale of the theoretical
model of a sustainable hillside neighborhood in San Francisco de Asis,
Chilca district (Figure 6).

Figure 8 shows the distribution according to the interpretation of
the occupation logic. These proportions reveal that 31% of the
analyzed blocks (B, K, H, I), located predominantly in the central and
northeastern parts of the San Francisco de Asis neighborhood, display
a favorable perception concerning urban sustainability and quality of
life. This finding suggests relative satisfaction with the infrastructure
conditions, basic services, and community support in these areas,
which potentially benefit from greater connectivity and access due to
their proximity to the Chilca River, which runs through the
neighborhood from north to south (Urquizo, 2004). However, 53% of
the blocks (D, P, M, N, O, E, L), located primarily in the western and
eastern areas of the neighborhood, present a situation of moderate or
mixed dissatisfaction. These areas, further from the riverbank, may
face greater challenges in terms of access to water resources, adequate
infrastructure, and socioeconomic stability, suggesting the need for
targeted interventions to improve living conditions, such as expanding
basic service infrastructure and strengthening social inclusion
policies. Particularly, Block J, which represents 8% of the total and is
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FIGURE 6
Indicator matrix for informal neighborhoods in the study area.

located in the center of the neighborhood near the Chilca River, is
identified as a high-vulnerability area. This block is characterized by
precarious access to services, inadequate land tenure legalization, and
limited coverage of social programs, indicating an urgency for
intervention to prevent the worsening of these conditions. The
presence of the Chilca River, although a potential resource, may also
contribute to the vulnerability of adjacent blocks due to flood risks or
lack of adequate protective infrastructure. Therefore, the results
underscore the need for a comprehensive and adaptive approach in
urban policies that address both internal neighborhood disparities
and risks associated with the natural environment, promoting an
equitable distribution of resources and strengthening community
resilience against complex urban challenges (Table 1).

The results of the canonical correlation analysis are shown in
Table 2, where the first three canonical correlations (0.4838, 0.2048,

Frontiers in Sustainable Cities

and 0.1098) indicate moderate to low associations between the linear
combinations of the dependent and independent variables. The
significance tests, particularly Pillai’s trace (p = 0.0488) and Lawley-
Hotelling trace (p = 0.0484), present values close to the 5% significance
level, suggesting a statistically significant relationship between the
dimensions of occupation logic and the urban and environmental
sustainability variables. Roy’s largest root (F = 4.7378, p = 0.0003)
confirms a significant canonical correlation, suggesting that at least
one of the canonical correlations is significant, underscoring the need
for a multidimensional approach to understanding how market and
state policies influence urban sustainability.

Figure 9 reveals that approximately 17% of the blocks (E and F),
located south of the Chilca River and represented in dark color, show
a notably negative perception regarding environmental sustainability.
These blocks face significant challenges related to the coverage and
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quality of basic services, such as potable water and sanitation, possibly
due to their distance from distribution sources and their location in
topographically unfavorable areas. In contrast, 25% of the blocks (B,
E and I), situated closer to the riverbank and represented in light
green, indicate a favorable perception of environmental sustainability.
This suggests that proximity to the Chilca River facilitates better access
to water resources and services, positively influencing the perception
of water quality and availability and waste management efficiency. The
blocks marked in yellow (K, L, and G), representing 20% of the total,
reflect a mixed or moderately favorable perception, indicating
acceptable conditions but still requiring improvements in
infrastructure and resource management to achieve higher levels of
sustainability. Meanwhile, 29% of the blocks (M, N, J in orange, and
C, D in red) present a low or very low perception of environmental
sustainability, located in areas further from the river. These blocks
show high vulnerability to environmental risks, such as landslides and
flooding, due to their location on unstable slopes and limited access
to basic services. These findings underscore the need to prioritize
interventions in the most vulnerable blocks to improve their access to
basic services and reduce exposure to environmental risks, to promote
greater equity and sustainability throughout the neighborhood.
Table 3 presents a canonical correlation analysis that explores the
relationship between multiple variables associated with environmental
sustainability in the context of the neighborhood under study. With a
sample size of 100 observations, the first three canonical correlations
obtained (0.4107, 0.1598, 0.0044) indicate that there is a moderate to
weak association between the linear combinations of the dependent
and independent variables related to environmental sustainability. The
significance tests for the canonical correlations reveal important
results: Wilks' lambda statistic (4 = 0.81009, p = 0.0172) suggests that
at least one of the canonical correlations is significantly different from
zero, indicating a significant relationship between the sets of analyzed
variables. Pillai’s trace (V = 0.194219, p = 0.0121) and Lawley-Hotelling
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trace (T = 0.229111, p = 0.0140) reinforce this evidence, indicating that
there is a significant relationship between the canonical variables.
Moreover, Roy’s largest root test (@ = 0.202894, F = 6.4926, p = 0.0005)
shows a highly significant result, indicating that the first canonical root
has a considerable impact on explaining the observed variability in
environmental sustainability in the study area.

Figure 10 shows the distribution of blocks in the San Francisco de
Asis neighborhood in terms of urban sustainability, focusing on
indicators such as territorial planning, urban inequality, daily mobility,
and accessibility. Of the evaluated blocks, 71% are coded in yellow,
indicating a moderate level of urban sustainability. These blocks, mostly
located in areas near the Chilca River, show acceptable conditions in
terms of access to basic services, proximity to paved roads, and land
regularization. However, the moderation in the evaluation suggests that
these blocks still face significant challenges, such as improving service
quality and fully integrating urban planning policies. On the other hand,
only one block (C) presents a favorable evaluation, coded in light green,
indicating high urban sustainability with good access to infrastructure
and services, likely due to its direct proximity to the center of the
neighborhood and main roads. In contrast, two blocks (E and O) appear
in red, representing areas with low urban sustainability. These blocks are
vulnerable due to a lack of land regularization, high poverty levels, and
poor infrastructure in terms of accessibility and connectivity. An
additional block, N, in orange, shows an intermediate condition,
highlighting the need for specific interventions to improve urban
sustainability in these areas of the neighborhood.

Table 4 shows the results of the canonical correlation analysis to
evaluate the relationship between different variables related to urban
sustainability in the study area, using 100 observations. The obtained
canonical correlations (0.3956, 0.0916, and 0.0127) suggest that the
relationship between the linear combinations of dependent and
independent variables is moderate to weak. The first canonical
correlation (0.3956) indicates a moderate association, while the
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Graphical results and statistical relationship—occupation logic. The scores of the different indicators in Figures 8-10 are based on the evaluation of
indicators, the variable operationalization matrix, and the questionnaire applied. A Likert scale was used to measure respondents’ perceptions on the
topics addressed in this study. Additionally, a color-coded “traffic light” system was employed to visually represent the status of each indicator.

TABLE 1 Internal correlations of occupation logic.

Variable Nel Ne2 Mel Me2 Esl Es2
Nel 1

Ne2 —0.0062 1

Mel 0.9515 0.0902 1

Me2 -0.0086 | 03712  0.1716 1

Esl 0.9277 00851 | 00615  0.0241 1

Es2 01529 | —0.0515 0125 | 05779 0213 1

The abbreviations correspond to the operationalization of variables and the statistical
analysis process of the study, including dimensions, subdimensions, and indicators. The
“logic of necessity” dimension and its “migration” subdimension are represented by the
abbreviations Nel and Ne2; the “logic of the market” dimension and its “supply” and
“demand” subdimensions are represented by Mel and Me2; and the “logic of the state”
dimension with its “property” and “legalization” subdimensions are denoted as Es1 and Es2.

subsequent correlations are much lower, suggesting a weaker
relationship between the remaining variables.

The significance tests reinforce these findings. Wilks’ lambda statistic
(41=0.836291, p = 0.0476) indicates that at least one of the canonical
correlations is significantly different from zero, suggesting a significant
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relationship between the analyzed urban sustainability variables.
However, the significance is marginal, reflected in the values of Pillai’s
trace (V=0.165048, p=0.0573) and Lawley-Hotelling trace
(T =0.194155, p=0.0394), which show values close to the 5%
significance level. This indicates that, although there is a significant
correlation, the impact of these associations is not very strong. Roy’s
largest root test (@ = 0.185553, F = 5.9371, p = 0.0009) provides the most
robust evidence of a significant relationship, indicating that the first
canonical root has a considerable impact on the observed variability in
urban sustainability. This result highlights that certain key factors in
urban sustainability are closely related, suggesting the need for a strategic
approach focused on the critical areas identified by this analysis.

4 Discussion

4.1 Impact of local conditions on the
sustainability of informal neighborhoods

The sustainability of informal neighborhoods in Huancayo,
specifically in the San Francisco de Asis neighborhood, is heavily
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TABLE 2 Canonical correlations and significance tests.

10.3389/frsc.2025.1518694

Description Valor

Number of Observations 100

Canonical Correlations 0.4838, 0.2048, 0.1098

Significance Test Statistic df1 df2 F Prob > F
Wilks’ lambda 0.724919 18 257.872 1.7257 0.0533
Pillai’s trace 0.288111 18 279 1.6467 0.0488
Lawley-Hotelling trace 0.361564 18 269 1.6106 0.0484
Roy’s largest root 0.305667 6 93 4.7378 0.0003

influenced by local conditions of infrastructure, natural resources, and
access to basic services. The quality and coverage of infrastructure in
these neighborhoods play a critical role in promoting social cohesion
and community participation, which are essential factors for
sustainable development (Sharp and Warner, 2018; Yoo and Lee,
2016). In the study, the blocks near the Chilca River show a more
favorable perception of urban sustainability due to better connectivity
and accessibility provided by proximity to this natural resource. This
finding aligns with previous studies indicating that well-planned
infrastructure can enhance economic opportunities and social
interaction among residents, while poor infrastructure tends to
perpetuate social isolation and economic hardship (Mareeva et al.,
2022; Zhang et al., 2018).

Moreover, the availability of natural resources, such as access to
water and green areas, is fundamental to the sustainability of these
neighborhoods. The results show that proximity to the Chilca River
not only facilitates access to water resources but also influences the
perception of quality of life and environmental sustainability.
However, blocks located further away from the river face significant
challenges, such as a shortage of drinking water and sanitation
services, which negatively affects residents’ health and increases their
vulnerability to natural disasters like floods and landslides (Arundel
and Ronald, 2016; Mareeva et al., 2022). Additionally, inefficient
management of these resources can compromise the ability of
neighbors to cope with environmental stresses resulting from climate
change, underscoring the need for effective and equitable resource
management strategies.

Access to basic services such as water, sanitation, and healthcare
is also a crucial determinant of sustainability in informal
neighborhoods. Lack of adequate access to these services can
exacerbate social inequalities and hinder community development
(Brelsford et al., 2017; Hondrio et al, 2021). The study results
demonstrate that blocks with better access to basic services tend to
have more positive perceptions of urban sustainability, while those
with limited access face greater challenges of poverty and
marginalization, perpetuating cycles of vulnerability and social
exclusion. This dynamic highlight the importance of developing
inclusive policies that ensure an equitable distribution of resources
and essential services to improve the quality of life in informal
neighborhoods and promote their long-term sustainability.

However, we acknowledge that these findings are based on
correlation analyses derived from quantitative data, and while they
provide useful patterns, they may not fully capture the complexity of
lived experiences in informal settlements. These neighborhoods are
characterized by high heterogeneity and dynamic conditions that vary
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over time and space, often shaped by informal governance structures,
socio-political history, and cultural context. Future studies should
incorporate complementary qualitative methods—such as interviews,
participatory mapping, or ethnographic observation—to validate and
enrich the statistical results with grounded community insights.

4.2 Relationships between territorial
occupation and sustainable urban
development

Patterns of territorial occupation and their relationship with
sustainable urban development practices in the San Francisco de Asis
neighborhood reflect a complex interaction between land use,
infrastructure, and community participation. This analysis is essential
to promote sustainable urban environments in rapidly growing cities
like Huancayo, where pressure on resources and development demand
is high. The results of this study emphasize that the proposed
neighborhood model in Huancayo serves as a practical framework for
understanding the relevance of land use planning and the integration
of sustainable practices within the broader scope of urban
development. The existence of a significant correlation between
dimensions of occupation logic, such as market and state (with a
coeflicient of 0.93), suggests that territorial management and urban
planning should consider both economic aspects and public policies
to foster balanced and sustainable development (Yigitcanlar and Dur,
2010). This is consistent with previous studies that emphasize the need
to evaluate urban projects based on sustainability criteria to improve
territorial management processes and increase the durability of urban
infrastructure (Chastenet et al., 2016).

Furthermore, the design and layout of neighborhoods, as observed
in the results, can either facilitate or hinder sustainable practices. For
example, blocks with more direct access to the Chilca River showed a
greater perception of sustainability, reinforcing the idea that
accessibility to natural resources and basic services is fundamental to
sustainable development. This finding aligns with the research by
Chookah etal. (2021), which highlights the importance of evaluating
sustainable neighborhoods to reduce uncontrolled urban sprawl, a
significant challenge in areas of rapid urban growth. Implementing
strategies such as the “15-min city;’ which aims to improve access to
essential services within a short walking distance (Enab, 2024), could
be particularly effective in the context of informal neighborhoods like
those in Huancayo.

The integration of green spaces and sustainable transportation
options is another critical area for urban development in Huancayo.
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Graphical results and statistical relationship—environmental Sustainability.
TABLE 3 Canonical correlation analysis: environmental sustainability.
Description Valor
Number of Observations 100
Canonical Correlations 0.4107, 0.1598, 0.0044
Significance Test Statistic df1 df2 F Prob > F
Wilks’ lambda 0.81009 9 228.922 2.2992 0.0172 (a)
Pillai’s trace 0.194219 9 288 2.2151 0.0121 (a)
Lawley-Hotelling trace 0.229111 9 278 2.359 0.0140 (a)
Roy’s largest root 0.202894 3 96 6.4926 0.0005 (u)

e = exact, a = approximate, u = upper limit of F.

The research highlights that adequate access to green spaces and
sustainable transport infrastructure is fundamental to improving
urban sustainability and the quality of life for residents. This point
is supported by the Urban Green Neighborhood Index, which

provides a quantifiable measure of

ecologically balancing densely populated urban environments
(Gupta et al, 2012). In Huancayo, the lack of green spaces and
limited transport infrastructure in some areas reflects the need for
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strategic interventions to foster more sustainable urban practices.
Community participation and social sustainability are also key to
shaping patterns of territorial occupation in Huancayo. The study
results underscore the need for participatory approaches that
consider the voices and needs of residents. This approach aligns
with the argument by Dempsey et al. (2011) that community
engagement in the urban planning process promotes a sense of
belonging and responsibility, which can lead to more sustainable
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Graphical results and statistical relationship—urban sustainability.

TABLE 4 Canonical correlation analysis: urban sustainability.

Description Valor

Number of Observations 100

Canonical Correlations 0.3956, 0.0916, 0.0127

Significance Test Statistic df1 df2 F Prob > F
Wilks’ lambda 0.836291 9 228.922 1.9338 0.0476 (a)
Pillai’s trace 0.165048 9 288 1.8630 0.0573 (a)
Lawley-Hotelling trace 0.194155 9 278 1.9991 0.0394 (a)
Roy’s largest root 0.185553 3 96 5.9371 0.0009 (u)

e = exact, a = approximate, u = upper limit of F.

behaviors and practices within neighborhoods. This approach is
particularly beneficial in areas with diverse populations, such as
Huancayo, where it is crucial to address the varied needs and
preferences of residents to achieve sustainable outcomes. Future
studies should integrate in-depth qualitative fieldwork to better
understand the lived realities, informal governance mechanisms,
and local narratives that shape territorial occupation in these
complex urban contexts.
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4.3 Strategies to improve environmental
and urban sustainability in vulnerable
contexts

The results of this study suggest that implementing comprehensive
and adaptive strategies is essential to improve environmental and
urban sustainability in informal neighborhoods in the district of
Chilca, Huancayo. Identified high-vulnerability areas, such as Block
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J, present conditions that require urgent interventions, especially in
terms of access to basic services and strengthening community
resilience. The integration of multisectoral approaches, such as the
Water-Energy-Food (WEF) Nexus, can be key to addressing these
needs. As indicated by Mabhaudhi et al. (2019), the interconnection
between these sectors can improve livelihoods and the well-being of
vulnerable communities. In the context of Huancayo, improving
water management could not only increase agricultural productivity
but also conserve energy, creating a holistic approach to sustainability.
Additionally, the study results highlight the importance of urban
planning supported by Geographic Information Systems (GIS) to
optimize land use, transportation, and energy systems, reducing
emissions and improving accessibility for vulnerable populations.
This approach is supported by Carpentieri et al. (2019), who
emphasize how GIS-based spatial analysis can significantly improve
environmental quality in urban areas. In Huancayo, applying this
methodology could help identify critical areas for intervention and
design plans that integrate efficient land use with improvements in
transport infrastructure, reducing vulnerability and increasing
urban equity.

Incorporating green spaces and nature-based solutions also
emerges as an effective strategy to improve urban sustainability in
vulnerable contexts. Penteado (2024) and Kabisch et al. (2016) note
that green spaces are essential for conserving biodiversity and
enhancing the urban landscape, while nature-based solutions, such
as urban forests and green roofs, can mitigate the effects of climate
change and improve urban resilience. In Huancayo, where several
blocks face high environmental vulnerability, such as those located
on slopes far from the Chilca River, integrating these solutions
could provide significant ecological and social benefits. Community
participation is highlighted as a critical component for the success
of sustainability initiatives. As Friche et al. (2015) argue, involving
residents in decision-making processes ensures that interventions
are more effective and accepted, as they are tailored to the specific
needs of the community. In the study, the need for targeted
interventions in the most vulnerable areas reinforces the importance
of incorporating participatory approaches in urban planning to
ensure that solutions are adequate and sustainable in the long term.
While the present analysis emphasizes quantitative correlations
between infrastructure deficits and vulnerability, future strategies
must be grounded in participatory processes and qualitative
insights from residents. This will help capture the nuances of
informal urban life, especially in dynamic peri-urban and
hillside environments.

Moreover, using sustainability indicators to guide urban
policies is crucial to assess the impact of interventions and ensure
that policies adapt to the changing needs of vulnerable
neighborhoods. Canesi and Marella (2022) discuss the importance
of using these indicators to evaluate resilience and urban
sustainability in marginal regions. In the case of Huancayo,
applying a locally developed set of indicators could help identify
areas for improvement, such as access to clean water, sanitation,
and green spaces, and monitor progress toward broader
sustainability goals. However, it is important to interpret these
indicators within the limitations of the research design and data
scope. Complementary qualitative and longitudinal studies will
be essential to validate these priorities over time and in different
informal contexts.
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5 Limitations

While this study successfully developed and applied an
integrated evaluation model to analyze the complex relationship
between environmental and urban sustainability in informal
settlements, it faced certain methodological and scope-related
limitations. First, the cross-sectional nature of the research limited
the ability to conduct a longitudinal analysis, which would have
been crucial for tracking the evolution of these neighborhoods over
time and assessing the long-term impact of the factors studied.
Although the geospatial approach and the analysis of basic service
coverage revealed significant correlations with environmental
vulnerability, the limited incorporation of qualitative methodologies
may have restricted a deeper understanding of the complex social,
cultural, and economic dimensions that shape informal occupation
and development processes.

Second, while the model incorporated macro-level factors such
as migration, market forces, and state policies, the depth of analysis
regarding the specific interactions and causal relationships between
these elements and urban sustainability may have been constrained
by the study’s design and scope. Additionally, time constraints,
limited access to disaggregated data, and logistical challenges during
fieldwork posed practical limitations. The positionality of the
authors—researchers with academic and planning experience in the
study area—also influenced the interpretation and access to
information, which, although beneficial, may have shaped the
research perspective.

6 Conclusion

The results demonstrate that infrastructure, access to natural
resources, and basic services are critical determinants of urban
sustainability. Areas located closer to the Chilca River present better
conditions, underscoring the importance of geographic location in
resource access. Additionally, the integration of advanced technologies,
such as Geographic Information Systems (GIS), and multisectoral
approaches, such as the Water-Energy-Food (WEF) Nexus, is essential
for designing effective and equitable interventions. Community
participation also plays a key role in ensuring the effectiveness and
social acceptance of policies, highlighting the importance of adopting
a participatory approach to urban planning.

Furthermore, the use of sustainability indicators tailored to the
local context enables continuous monitoring of policy impacts and
facilitates the adjustment of strategies according to changing
community needs. Recognizing the limitations of the study’s cross-
sectional nature, it becomes essential to conduct future longitudinal
research to understand the temporal evolution of these neighborhoods
and assess the long-term sustainability of implemented interventions.
Complementing quantitative analysis with qualitative methods will
also enhance understanding of community perceptions and
experiences, providing a stronger evidence base for inclusive and
context-sensitive policy formulation.

This study offers an innovative contribution by proposing an
integrated and adaptable neighborhood assessment model grounded in
the ecosystem approach, which not only supports urban sustainability
in informal hillside settlements but also holds potential for application
in other territorial contexts facing similar socio-environmental challenges.
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