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Abstract: The urban and rural areas of the Metropolitan District of Quito (DMQ) have experienced an
aggressive urbanization process in the last two decades, which in many cases has changed the most
appropriate land use as determined by the local government. This problem is exacerbated by poor
land use planning in a city that is growing in an uncontrolled and disorderly manner toward rural
areas, as well as by the accelerated growth of rural localities. This article contributes and analyzes:
(1) the geographic projections of the next 50 years for urban settlements and buildings in the rural areas
of the DMQ using geographic artificial intelligence techniques (cellular automata); (2) a composite
index of resilience (CIR) is constructed for each rural parish of the DMQ, adapted to the characteristics
and conditions of the territory for which five dimensions with equal weights, the ecological footprint,
and the size of each parish were considered; finally, (3) the change in CIR is determined based on the
projections of spatial urban expansion and population growth for the next 50 years. According to the
results, urbanization definitely has a negative impact on CIR, although it was found that in parishes
with declining population growth CIR increases.

Keywords: resilience; rurality; spatial urban expansion; population growth

1. Introduction
1.1. Definition and Evolution of Resilience

The term “resilience” is currently (2022) widely used in many fields and adopted by
several sciences. It is a complex but attractive term that reflects interesting perspectives in
any field that is affected by it. From its original meaning, “resilience” in the physical field,
as described in the Dictionary of the Royal Spanish Academy, means the ability of an elastic
material to withstand an impact without breaking and then recover its original structure
and shape. For Cyrulnik [1], resilience as physical phenomenon refers to buoyancy and
expresses the ability of a body to regain its original state or position once the forces that
seek to deform, displace or immerse it ceases to act.

The concept of resilience has spread to many fields and disciplines and has expanded
to different perspectives, for example:

In psychology, the term reached a broad development in the 1980s, when Smith
RSW [2] introduced the concept of “resilience” in the context of studies and analyzes of
vulnerabilities related to children and adolescents. However, in the social sciences the term
was used as early as the 1960s to describe the ability of people to develop psychologically,
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healthily and successfully despite living in high-risk contexts (poverty, stress, social risks,
etc.) [3].

Holling [4], recognized for his pioneering work in disseminating and developing the
concept of resilience in ecology, emphasizes the ability of natural systems and organisms to
withstand and respond to certain adverse conditions.

Folke [5] disseminates the concept of resilience in the analysis of socio-ecological
systems and introduces the definition of “social resilience” previously defined by [6] as the
ability of communities to withstand external shocks to their social infrastructure.

As for the countless definitions of “resilience,” the following are worth highlighting:
Grotberg [7] defines it as the universal human capacity to face, overcome, or even be

changed by life’s adversities.
Vanistendael S. [8] defines resilience as the ability of a person or a social system to

face difficulties in a socially acceptable way. In the same way, Grotberg E. [7] believes that
resilience refers to a combination of factors that enable a person to cope with and overcome
life’s problems. Additionally, in the field of biological sciences the term resilience is defined
as the adaptive capacity of individuals or groups to meet challenges and threats (stress
or adversity).

P. A. Suris JC and VRM [9] describe that resilience in the macro-social, historical, or
public sphere refers to survival in situations of natural disasters, wars, terrorism, deporta-
tions, and socio-economic dynamics.

In territorial domains such as cities, the term resilience is also commonly used. For
Méndez [10], the concept of resilience in the territorial field is multidisciplinary and trans-
disciplinary, which opens the space to consider new perspectives for the analysis of cities.
Although the success of the term in extrapolation is great in disciplines that are moving
further and further away from the origin of this word, it sometimes leads to a misuse that
loses precision and even questions the resulting scientific value [11]. A clear example is
the definition of “economic resilience”, a widely used concept but one that is not fully
defined [12].

1.2. Urban Resilience—Regional Resilience

Without losing sight of the ambiguities associated with the term resilience, the un-
derlying analogies have applied the concept of resilience to territorial studies (cities and
regions). The expansion of the terms “urban resilience” and “regional resilience” can be
found in the bibliographies of all regions. Organizations such as the Resilience Alliance,
the Community and Regional Resilience Institute (Resilient City), and the Network on
Building Resilient Regions are officially disseminating the term resilience.

One of the first relevant regional studies to reach an important development on urban
resilience defines it as “the ability of local economies to transform themselves in the face of
technological shocks that undermine their economic base, essentially asking themselves
how they can reinvent their economies” [13]. However, this is a purely economic approach.
A broader approach must take into account the adaptive capacity that cities show in the
face of shrinking processes, which implies increasing their competitive advantages, but also
their internal social cohesion, local governance processes, quality of life, and sustainability,
as well as increasing opportunities to attract population, investment, and businesses that
can generate new dynamics [14].

In this sense, Vale LJ and TJC [15] add that if the conditions that enabled urban
development prior to change or transformation are maintained after a significant period
of redevelopment or recovery, such a city will exhibit urban resilience and is very likely
to recover and even surpass previous dynamics in terms of population, economy, and
development in general.

These perspectives of “urban resilience” are reinforced by the concepts and actions
of the United Nations International Strategy for Disaster Reduction (UNISDR) under the
Developing Resilient Cities program to increase sustainability and reduce risk. Similarly,
the United Nations [16] defines the concept of resilience in cities as the ability of an urban
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system to maintain continuity after impacts or disasters while contributing positively to
adaptation and transformation; that is, a resilient city is one that prepares to act and respond
to any type of obstacle (unexpected or not).

To integrate the uncertain and particular scenarios that arise in territorial dynamics,
several complements to the previous definitions should be considered, including:

1. Yánez-Contreras, Martelo-Amaya and Rodríguez-Páez [17] understand resilience as
the ability of a society exposed to a risk or threat to cope with and absorb disruptions
without significantly changing its characteristics, and then adapt, recover and restore
its original state;

2. For Méndez [10], urban resilience represents an “emerging metaphor” that describes
and interprets a city’s ability to face adversity, recover, and continue its development
process while implementing strategies that include economic, technological, social,
and urban management innovations [18];

3. For B. Mueller and MCW [19], urban resilience must be considered as a dynamic
process rather than a final state. Therefore, the “resilient city” is not coherent if it is
understood in a static sense but must be understood and developed from the local
level itself. Foster and CMP [20] add to this perspective by pointing out that the
support of higher-level policies by medium- and long-term processes is essential to
evaluate the various specific responses.

In this context, the study of Alemana [21] on “Strengthening the resilience of cities
and their associated territories in the context of climate change agreements and the New
Urban Agenda,” which focuses on achieving inclusive, safe, resilient, and sustainable cities
and settlements, highlights the need for new approaches and tools that ensure the security
of human, economic, and natural resources for the entire population.

For the United Nations [22] some of the descriptions used by the main international
organizations to define urban resilience are:

– The ability of individuals, communities, institutions, businesses, and systems within a
city to survive, adapt, and thrive regardless of what kind of chronic stress or severe
crisis they have experienced;

– The ability of an urban system to quickly absorb and recover from the effects of stress
or crisis and maintain continuity of services.

1.3. Resilience in Cities, Urban and Rural Areas (Urban Expansion and Population Growth)

According to United Nations [16], the cost of natural disasters in the last 10 years was
USD 100 billion and affected more than 220 million people. Unless significant investments
are made in improving urban resilience in the coming years, natural disasters could cost
more than USD 300 billion per year, and combined with climate change (CC) effects push
77 million more urban residents into poverty.

The World Bank [23] estimates that more than 50% of the world’s population lives
in urban areas and that urban populations will increase 1.5-fold (600 million people) by
2045; similarly, the greatest challenges lie in addressing unsustainable land expansion and
consumption. According to the calculations of this panel, urban land consumption exceeds
population growth by up to 50% (1.2 million km2 of new urban land).

According to United Nations [24], the world’s cities occupy only 3% of the Earth’s
surface, but represent between 60% to 80% of energy consumption, generate 75% of car-
bon emissions, and about 95% of urban growth in the coming decades will occur in
developing countries

All indications are that the number of vulnerable people is rapidly increasing, mainly
due to uncontrolled urbanization, which gives rise to informal settlements and consequently
creates vulnerable areas with poor infrastructure [25]. Urban expansion not only puts
pressure on land, but also has unfavorable effects on natural resources [26].

In this sense, Alemana [21]; United Nations [23] announce that the number of natural
disasters has doubled worldwide in the last decade, affecting more people each time. They
also emphasize that cities are the scenario for the consequences of the exploitation of
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resources, the accumulation of gasses in the atmosphere and other countless factors that
cause changes in the climate. Given that risks are increasingly unpredictable due to the
complexity of urban systems and the uncertainty associated with many hazards emanating
from cities, especially CC. Resilience in cities becomes conceptually relevant when chronic
and unpredictable factors threaten the collapse of the development of physical or social
systems [27].

At the global level all cities are vulnerable to various impacts, whether natural in origin
or caused by society itself (due to the effects of massive urbanization, CC, and political
instability), so a resilient city must consider possible negative scenarios and increase the
ability to reduce damage and manage acceptable recovery times in the face of disaster or
catastrophe, while promoting, adapting, and transforming toward a more resilient and
smart city with effective solutions [28].

Strengthening resilience in the city allows societies to prepare for, adapt to, and
recover quickly from impacts (disasters) so that negative impacts can be overcome by
the urban space. Resilient management requires the development of new qualities and
attitudes, such as organizational capacity, assertiveness, initiative, and creativity in the
face of environmental protection needs, in order to transform risks into opportunities [29].
Therefore, a resilient city is closely linked to a smart city model that moves towards
digitalization and new technologies. Resilience must be seen as an interactive and dynamic
process based on the relationship between people and their environment [30].

It should be noted that resilient cities have areas of influence around consolidated
urban areas as well as in the nearest rural environment [31,32]. In this way, urban and rural
areas that interact in a sustainable manner enhance local capacity to address vulnerabilities
in the face of climate phenomena and risk scenarios. Therefore, to determine a general
level of resilience a comprehensive approach is needed that takes into account the natural
(ecosystems) and socioeconomic (communities) components of both rural and urban areas,
as well as the transitions between them (semi-urban and semi-rural areas). In this sense, to
achieve urban–rural resilience from a purely urban perspective it is necessary to strengthen
the structural, institutional and regulatory capacity to provide infrastructure and basic
services in an efficient and inclusive manner, while from a rural perspective it is necessary
to promote a fair participation of small producers in the market through the articulation of
production chains and a significant improvement in rural living conditions with techno-
logical and commercial options, so that residents want to stay on their land [33]. Thus, it
is necessary to strengthen the spatial and sociological links of urban and rural interaction
that are necessary to ensure the process of urban and rural resilience.

Similarly, adaptation to CC is achieved through proactive measures with long-term
strategies that enable the development of resilient management to combat the challenges
of CC and other risks [34]. Resilient cities need to experiment with new skills and compe-
tencies, and promote proactive responses from within a flexible legal system that enables
lasting adaptation and incorporates the idea of resilience as a cross-cutting factor to provide
specific responses to different risk scenarios [30].

Two of the benchmarks for assessing a city’s resilience by measuring its ability to
recover from a disaster are:

1. The “Ten Basic Principles” developed by the United Nations Office for Disaster Risk
Reduction (UNISDR) and the related global campaign, “Making Cities Resilient”,
which targets local governments to engage them and provide them with tools to
reduce disaster losses;

2. The Resilient Cities Profiles Program (CRPP), launched by UN-HABITAT to help local
governments increase their capacity to improve resilience through the development
of comprehensive and integrated urban planning.
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1.4. Resilience in Quito Ecuador

Latin America and the Caribbean (LAC) is a region with vulnerable populations and
areas susceptible to the effects of CC and disasters. Therefore, its cities are in urgent need
of planning and management with a sustainable and resilient vision [35].

Ocha [36] The most complex challenges in the region have to do with land use planning
in rural areas, water and sanitation, solid waste, rainfall and flooding, mobility, and energy.
One of the factors that hits LAC the hardest is the accelerated urban expansion process
(urban explosion) as a result of which it is currently the most urbanized developing region
in the world [37].

At LAC, 80% of the total damage caused by disasters is in urban areas. Moreover,
cities face the greatest inequality in terms of economic income in the world. This reality
requires new solutions for LAC cities [38]. In this sense, some organizations such as the
International Monetary Fund (IMF) are supporting the region through the creation of the
“Resilience and Sustainability Fund”, which aims to support low- and middle-income
countries in the face of long-term adversities such as the effects of CC and pandemics [39],
and which in turn is aligned with the United Nations 2030 Agenda and the ODS.

Despite the LAC actions to build sustainability and resilience in the region, inadequate
land management at the general level, and weak strategies to mitigate risks and improve
disaster response, LAC remains a region that lags behind in planning and managing
sustainable and resilient cities. However, there are many opportunities if cities in the region
act accordingly.

In the case of the City of Quito, the complex location of the Metropolitan District of
Quito (DMQ) in the Andes Mountains makes it a dynamic and complex territory threatened
by natural, economic, and social challenges that the DMQ continually faces; these motivate
the management of ongoing sustainability and resilience strategies. It is important to note
that the study area (rural parishes of the DMQ) includes areas classified as urban and areas
classified as rural, which are in constant social, economic, commercial and environmental
interaction with the consolidated city of Quito. The rural parishes of the DMQ are areas
that have a certain administrative autonomy that makes it necessary to assess resilience in
accordance and harmony with the city of Quito and the entire DMQ.

The resilience strategies that the DMQ maintains are modulated according to prepa-
ration for, and response to, the major acute impacts and chronic stresses that occur in the
area. The key tools that help strengthen urban resilience in the area are: (1) the Sustainable
Development Goals (ODS); (2) the New Urban Agenda (NAU) adopted in Quito during
the Habitat Conference III; and (3) the Plan for Urban Development and Spatial Planning
(PMDOT) as a governance tool of the city government. In addition, the strategic contribu-
tion that the 100 Resilient Cities initiative makes to the DMQ, since it is a part of it, is to
help build urban resilience, but also to iterate the exercise in its planning [40].

In this sense, the DMQ considers axes, strategic milestones, and actions for building
resilient territory.

The study of this manuscript focuses on axis C “compact and integrated city” (Figure 1),
which refers to the trend of dispersed and uncontrolled growth of urban sprawl. This
axis manages the problems that make the DMQ a segregated and inefficient place. The
central goal of this axis is to control the expansion of sprawl and create an integrated and
efficient mobility system that promotes active mobility. Activities resulting from the Axis C
strategic milestones include: (1) program of municipal territorial control in hillside areas;
(2) study of urban and peri-urban economic dynamics of land; (3) technological tool for
environmental monitoring; (4) plan to capture land value from the construction of the first
line of the Quito Metro; and (5) building codes with low environmental impact, to name
a few.
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Figure 1. DMQ actions for building resilient territory.

Therefore, the objective of this manuscript is to assess the impact of spatial urban
expansion and population growth in the rural parishes of the DMQ on the resilience of
the territory, using a composite resilience index (CIR). In this way, the manuscript focuses
on analyzing rural resilience as urban expansion continues to increase and threaten local
community sustainability.

2. Materials and Methods

Three phases determine the methodology of this study:

• Calculation of the projections of spatial urban expansion of the DMQ rural parishes
for the next 50 years;

• Calculation of the composite resilience index of each of the 33 rural parishes based on
five dimensions and ecological footprint;

• Evaluation of the composite resilience index with spatial urban expansion and popula-
tion growth over the next 50 years.
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2.1. Study Area

This research is conducted in the DMQ area in the province of Pichincha in Ecuador.
This area consists of 32 urban parishes and 33 rural parishes (Figure 2). The DMQ is located
in the eastern Andes, on the slopes of the active Pichincha volcano, and forms a closed
landscape. The average elevation is 2850 m above sea level. Quito is the capital of Ecuador.
The city is bounded on the north by the Casitagua volcano, on the east by the geological
fault “Falla de Quito”, on the west by the eastern slopes of Pichincha, and on the south by
the Atacazo volcano. The city is 50 km long (south–north) and 4 km wide (east–west).

Figure 2. Metropolitan District of Quito (DMQ).

The study focuses on the rural area of the DMQ, on the 33 parishes that make it up
(Figure 3): Lloa, Nayón, Zámbiza, Llano Chico, Calderón, Guayllabamba, Puéllaro, Perucho,
Chavezpamba, Atahualpa, San José de Minas, Pomasquí, San Antonio de Pichincha, Nono,
Calacalí, Nanegalito, Nanegal, Pacto, Gualea, La Merced, Alangasí, Guangopolo, Cono-
coto, Píntag, Amaguaña, Cumbayá, Tumbaco, Puembo, Pifo, Yaruquí, Tababela, Checa y
El Quinche.
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Figure 3. DMQ rural parishes.
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2.2. Information Resources and Preprocessing

Table 1 shows the initial information and the process undertaken to prepare the spatial
projections of urban expansion and to calculate the CIR.

Table 1. Resources and information.

Product Variable Format—Scale Agency Date Pre-Processing

1. Spatial projections
urban expansion

1.1. Spatial urban
expansion

Raster geographical
coverage, spatial
resolution 10 m

Sentinel, Google
Earth 2003/2022

Digitalization and
calculation of

Difference Vegetation
Index (NDVI)

1.2. Distance to Road
Network and Streets

Geographical coverage
(SHP), scale 1:5000 Municipality of Quito 2016 Geoprocess,

Euclidean distance

1.3. Distance to Water
and Sanitation

Networks

Geographical coverage
(SHP), scale 1:10,000

Drinking Water and
Sanitation Company 2018 Geoprocess,

Euclidean distance

1.4. Distance to
power lines

Geographical coverage
(SHP), scale 1:5000

Quito Electric
Company 2018 Geoprocess,

Euclidean distance

1.5. Slope of the Land Geographical coverage
(SHP), scale 1:10,000 Municipality of Quito 2010 Geoprocess, slope

1.6. Land Use Rating Geographical coverage
(SHP), scale 1:5000 Municipality of Quito 2016 Geoprocessing,

reclassification

1.7. Distance to
Education

Institutions

Geographical coverage
(SHP), scale 1:5000 Municipality of Quito 2014 Geoprocess,

Euclidean distance

1.8. Distance to
Health Institutions

Geographical coverage
(SHP), scale 1:5000 Municipality of Quito 2014 Geoprocess,

Euclidean distance

1.9. Distance to
existing settlements

Geographical coverage
(SHP), scale 1:15,000 Google Earth images 2018 Geoprocess, buffer

2. Composite
Resilience Index

2.1. Safety

Indicator, value between
0 to 100, 0 null well-being,

100 total well-being.

Institute of the city of
Quito, Quality of

Life Index
2016

None

2.2. Basic services

2.3. Health

2.4. Education

2.5. Social inclusion

2.6. Subjective
well-being

2.7. Environment

2.8. Economic
security

2.9. Mobility

2.10. Land and
housing

2.11. Green areas and
public space

2.12. Land Use (#
land uses)

2.13. Urban spatial
expansion 2022

2.14. Social cohesion

2.15. Ecological
footprint per capita

National indicator, value
in global hectares (hag)

Ministry of
Environment, Water

and Ecological
Transition

2021
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2.3. Calculation of the Spatial Urban Expansion Scenarios for the DMQ’s Rural Parishes of the
Next 50 Years
2.3.1. Stage 1: Data Preparation and Change Probability Matrix

In this phase, future urban expansion scenarios are modeled within a Geographic
Information Systems (GIS) approach using the geostatistical methods of evidence weights
(WoE) and cellular automata (CA). A geostatistical model is created that allows predicting
the possible future settlement of the localities of urban and rural parishes. For this purpose,
the following processes were carried out:

First, the spatial transition rates are calculated; in this work, the transition refers to
the construction process (urbanization and settlement), which is calculated by a transition
matrix (change probability matrix–Markov Matrix) that reflects the percentage of the area
that changed its status between the years 2003 and 2022 (from land without construction to
land with construction). This procedure uses information from binary raster geographic
coverages that represents construction land or urbanization and settlements. This procedure
is based on the representation of changes that occurred in discrete periods of time, which
results in the value of the studied variable at a given time being the sum of the previous
percentages of the variable [41]. That is, the number of changes from one state to another
is determined: in this case, from the state “land without buildings = (0)” to the state
“land with buildings = (1)”.

This process results from combining and interpreting satellite imagery (Google Earth
2003 and 2022), calculating the Normalized Difference Vegetation Index (NDVI) (Sentinel-2
2022), and incorporating the building cadastral in the study area from 2003 and 2021.

The image of the Sentinel-2 satellite was downloaded from the EO Browser platform
(https://apps.sentinel-hub.com/eo-browser/, accessed on 12 August 2022. Bands 8 (near
infrared, VNIR) and 4 (red, R) of the images allowed the calculation of the Normalized
Difference Vegetation Index (NDVI) using the Equation (1). This index normalizes green leaf
scattering in Near Infra-red wavelengths with chlorophyll absorption in red wavelengths.
In this way, the vegetation in the study area was quantified [42,43]:

NDVI =
VNIR− R
VNIR + R

(1)

Then, the values above −0.1 to 0.1 of the index corresponding to rock, construction
sand or snow from the resulting coverage (NDVI). They are then vectorized into polygons
in “shape” format.

Later, the two coverages (construction land or urbanization and settlements 2003 and
2022) are compared to determine the replacement values; thus, the proportions of each state
that changed over the 18 years are obtained. The method is based on a probability matrix T
calculated for “m” years and used to calculate the projection of xt+m based on Equation (1):

xt+m = xt·T (2)

where xt is a row matrix that multiplies the T matrix and represents the proportion of each
state at time t [44].

The information is obtained from the analysis and interpretation of spatial urban
expansion covers (variable 1.1 of Table 1) of the study area in 2003 and 2022.

2.3.2. Stage 2: Model Calibration

The cellular automata (CA) logic needs rules to change from a cell-specific land use
to another under special conditions, the information to define these CA rules comes from
the probability maps built by combining the historical transition matrices with driving
factors. In this study, the information on the driving factors (predictor variables) of urban
growth that control the spread of new urban settlements come from bibliographic reviews,
expert criteria, observation, and interpretation of the study area. The predictor variables
are processed within the WoE method to obtain, as a result, a geographical coverage of

https://apps.sentinel-hub.com/eo-browser/
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transition probabilities that show the areas where urban expansion has a greater chance of
occurring. The WoE are based on the calculation of variables that are spatially independent
(independent variables—predictors) on a transition of another spatial variable (dependent
variable) [45]. This method is based on Bayesian probability through a bivariate model [46],
which takes the form of Equations (3) and (4):

O{A|B} = P{A|B}
P{A|B}

(3)

Olog{A|B} = log{A}+ W+ (4)

where A represents the event or phenomenon (land use) influenced by a factor or predictor
B, and W is the weight of the evidence of occurrence of event A, given a spatial factor B.

For several predictive factors this is expressed as follows:

P{0→ 1(change)|M ∩V ∩U ∩ P ∩ . . . N} = e∑ W+
N

1 + e∑ W+
N

(5)

where M, V, U, P . . . N are the values of the spatial variables evaluated at a geographic
location. In this case, they are represented by variables of Table 1 (1.2, 1.3, 1.4, 1.5, 1.6, 1.7,
1.8 and 1.9).

The predictor variables selected for modeling are listed in Table 1. This combination
of variables is supported by previous studies with promising results [47].

Then, the two previously generated resources (spatial transition rates and probability
maps) are processed using the CA methodology in the different iterations, covering the
transition probabilities generated by the WoE [48].

2.3.3. Stage 3: Simulation of Urbanization and New Housing Scenarios, Change Maps
and Validation

As part of modeling, correlation analysis of variables and model validation are per-
formed. Since the main assumption of the method WoE is that the analyzed coverages must
be spatially independent, the model performs paired tests between the categorical maps;
in this case the analysis focuses on the Cramer test and on the coverages of the predictor
variables [49], and the expression of the Cramer test is as follows:

V =

√
x2

n (min[r, c]− 1)
(6)

where χ2 is the chi-square test of independence statistic, n is the sample size, r is the number
of rows in the contingency table, and c the number of columns.

If the value of the coefficient V is greater than 0.6 there is a strong association between
the variables and one of the factors would be eliminated or combined with others [47].

For the validation of the model, a constant decay exponential function is used, applied
in windows of different sizes using the central cell as a reference and considering the
neighborhood contained in each of these windows in the context of a reciprocal differ-
ence calculation [46,50]. The exponential decay function that calculates the probability of
similarity is expressed by Equation (7):

y =
1

2(
d
A )

(7)

where d is the distance from the center of the window and A is the attenuation factor that
controls the speed of the decrease in the function values inside the kernel. In this study A
was 10 (Figure 4).
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Figure 4. Decay function for an attenuation factor of 10.

2.3.4. Stage 4: Future Scenarios

After the calibration and validation of the model, the urbanization and new housing
scenarios for the year 2072 are generated. These scenarios are the input for the calculation
of the integral resilience index, which determines the percentage of urbanized areas and
settlements in each rural parish.

Figure 5 shows the general flow of all phases of the calculation of spatial urban
expansion scenarios for the rural parishes of the DMQ.

2.4. Calculation of the Composite Resilience Index of Each of the 33 Rural Parishes Based on Five
Dimensions and the Ecological Footprint Per Capita

In this phase the Composite Resilience Index (CIR) is produced, which is an adaptation
of the work of [17,51]. The variables listed in Table 1 (product: Composite Resilience Index)
were prepared for the case of the DMQ. The variables were obtained from the Quality-of-
Life Index (ICV) of the Institute of the City of Quito (ICQ) (ICQ, 2021). For the ecological
footprint the published national value was taken since there is no specific value for each
parish.

The variables were classified into five dimensions (Table 2): (1) The social dimen-
sion includes social conditions related to resilience and living conditions (safety, basic
services, health, education, social inclusion, subjective well-being, and leisure); (2) ecolog-
ical dimension refers to the ability of ecosystems to cope with disturbances and allows
measuring the functionality and recovery capacity of the environment [52]; (3) economic
dimension, which includes economic activities within the city (economic security) [53]; (4)
physical/infrastructure dimension, refers to the quality and condition of the structural
systems necessary for residents to carry out activities in the area (land and housing, green
areas, public space, and mobility) [54]; (5) institutional/Governance dimension, this dimen-
sion deals with the interaction between the population and the institutions (public and
private organizations) [55]. It is important to mention that the indicators for each variable
of the different dimensions were calculated on a scale from 0 to 100, where 0 means zero
well-being and 100 means total well-being.
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Figure 5. Methodology workflow. Red, stage 1. Purple, stage 2.
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Table 2. Variables and dimensions used to calculate the CIR.

Variables Information Considered for the Construction of
the Variable

Social dimension

Safety Household victimization and victimization of
household members.

Basic services
Proper excreta disposal, access to drinking water,
access to electricity, access to internet, access to

garbage collection, and adequate access to housing

Health Good nutrition, proper care, health insurance
coverage, and frequency of physical activity.

Education School lag, educational attainment, and
qualified personnel

Social inclusion Attendance at children’s programs or centers,
distance to the middle class, and home maintenance.

Subjective well-being

Level of satisfaction with education, level of
satisfaction with health, level of satisfaction with
financial situation, level of satisfaction with their

housing, level of satisfaction with their participation
in the community, level of satisfaction with life, and

decisional autonomy.

Leisure time Spacing time, time spent on family activities, and
time spent sleeping.

Environmental Dimension Environment
Noise exposure, odor exposure, recycling, concern

for the environment, and sustainable
water consumption

Economic Dimension Economic security
Poverty gap by consumption, sufficient hours
worked, and employed persons affiliated to

social security.

Physical Dimension/
Infrastructure

Land Use (# land uses) Diversity of land use that each parish possesses

Urban spatial expansion % of land consumption in urban areas
and settlements

Housing (land and housing) Overcrowding, material housing deficits, and
population density

Green areas and public space Access to public spaces and green areas, distance to
public spaces and green areas.

Mobility
Travel time to health facilities, travel time to

educational facilities, commute time, and use of
public transportation

Institutional
Dimension/Governance Social cohesion

Perception of poverty with respect to the
environment, neighborhood action, good

neighborhood relations, situation of neighborhood
belonging and good treatment.

Source: City Institute—2021.

The weighting of the five dimensions is the same for calculating the CIR, because it
was assumed that to create adequate resilience there must be a balance between them.

To calculate the CIR we also consider the per capita ecological footprint, which mea-
sures the amount of biologically productive land and water that an individual, a region, all
of humanity, or a particular human activity requires to produce the resources it consumes
and absorb the wastes it generates. These data come from the Ministry of Environment,
Water and Ecological Transition of Ecuador [56]. The variable total area corresponds to the
total area of each rural parish.
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In this way, the CIR calculation is performed using Equation (8):

CIR =
0.20(SD) + 0.20(EVD) + 0.20(ECD) + 0.20(IFD) + 0.20(GVD)

EFP
total area f or each parish

(8)

where SD social dimension corresponds to the average of the variables: Security, basic
services, health, education, social inclusion, subjective well-being, and leisure time. EVD
environmental dimension, average of variables: Noise, exposure to odors, recycling, con-
cern for the environment, and sustainable water consumption. ECD economic dimension,
economic security indicator. IFD Physical dimension/infrastructure, represents the average
of the variables: land use (number of land uses), urban spatial expansion, housing, green
areas, public space, and mobility. GVD institutional/governance dimension includes the
social cohesion variable. EF corresponds to the ecological footprint per capita. EFP refers
to the multiplication of the per capita ecological footprint by the number of inhabitants of
each rural parish in the DMQ.

Finally, the CIR for each rural parish in the DMQ is calculated in two time periods
with a specific variant: spatial urban expansion and population growth in 2022 and spatial
urban expansion projected and population growth projected in 50 years; with the goal of
evaluating the impact on the CIR of each rural parish.

3. Results

Table 3 shows the highest Cramer values obtained. No correlation exceeded 0.6, so no
relationship between variables was strong.

Table 3. Highest Cramer values.

First_Variable Second_Variable Cramer

Distance to Water and Sanitation Networks Distance to Road Network and Streets 0.45
Distance to Road Network and Streets Distance to existing settlements 0.38

The prediction degree of the obtained model was 76%. Table 4 shows the results of the
validation process under the different sizes of the analysis windows.

Table 4. Prediction degree obtained.

Window Size (# of Pixels) Similarity (%) Real Evaluation Distance
Map (Pixel Size 10 m)

1 39% 10 m
11 62% 110 m
21 71% 210 m
31 75% 310 m
41 76% 410 m
51 76% 510 m
61 76% 610 m
71 76% 710 m

From the spatial processing to generate the future scenarios of urban expansion and
settlements of the DMQ, based on WoE and CA, the following projections are obtained,
Figure 6.
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Figure 6. Cont.
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Figure 6. Projections of the spatial urban expansion of the DMQ (urbanization/settlements), (a) 2022,
(b) 2047 (next 25 years), (c) 2072 (next 50 years).
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It can be demonstrated that the increase in human settlements in the long term occurs
in the different peripheral areas of rural localities, generally in locations that are not suitable
for settlement, which directly affects the level of resilience of rural parishes.

Table 5 shows the area and percentage of urbanized land and settlements by parish in
both the 2022 and 2072 time points.

Table 5. Area of urbanized land and settlements in each rural parish.

Parishes Total Area
(Hectares)

2022 2072

Urban Land and
Settlements
(Hectares)

%
Urban Land and

Settlements
(Hectares)

%

1 Alangasí 2943.78 1253.81 42.59 1471.92 50.00

2 Amaguania 6034.23 1169.17 19.38 1907.98 31.62

3 Atahualpa 8634.05 76.22 0.88 81.99 0.95

4 Calacali 18,330.00 294.34 1.61 400.36 2.18

5 Calderon 7920.20 3838.01 48.46 4437.72 56.03

6 Chavezpamba 1228.66 14.31 1.17 20.72 1.69

7 Checa 8840.51 230.81 2.61 393.88 4.46

8 Conocoto 4807.69 3597.40 74.83 3671.06 76.36

9 Cumbaya 2645.92 1711.73 64.69 1839.71 69.53

10 El quinche 7317.63 827.10 11.30 912.42 12.47

11 Gualea 12,089.70 16.44 0.14 63.74 0.53

12 Guangopolo 1000.58 56.50 5.65 57.80 5.78

13 Guayllabamba 5545.12 577.95 10.42 928.93 16.75

14 La merced 3164.20 894.04 28.26 1038.84 32.83

15 Llano chico 727.82 549.40 75.49 556.17 76.42

16 Lloa 54,382.40 19.66 0.04 52.89 0.10

17 Nanegal 24,546.40 22.83 0.09 22.83 0.09

18 Nanegalito 12,512.70 32.19 0.26 171.45 1.37

19 Nayon 1576.65 803.07 50.94 845.63 53.64

20 Nono 21,399.90 34.54 0.16 99.35 0.46

21 Pacto 34,734.10 53.53 0.15 124.22 0.36

22 Perucho 973.37 60.70 6.24 61.01 6.27

23 Pifo 25,598.40 1211.13 4.73 1496.12 5.85

24 Pintag 48,859.90 611.30 1.25 1177.35 2.41

25 Pomasqui 2324.68 888.94 38.24 951.26 40.92

26 Puellaro 7240.59 89.69 1.24 137.26 1.90

27 Puembo 3176.22 659.21 20.75 980.10 30.86

28 San José de minas 30,851.60 169.41 0.55 277.64 0.90

29 San Antonio 11,644.40 1441.80 12.38 2578.81 22.15

30 Tababela 2533.67 578.75 22.84 725.24 28.62

31 Tumbaco 6567.04 2107.66 32.10 2546.24 38.77

32 Yaruquí 7225.19 766.19 10.60 995.88 13.78

33 Zambiza 766.37 103.14 13.46 116.39 15.19
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Table 6 shows the values of the components of the CIR calculation for 2022, calculated
using Equation (3). Figure 7 shows the CIR levels of the rural parishes of DMQ (2022).

Table 6. CIR of each parish in 2022.

N◦ Parish SD EVD ECD IFD GVD EF N◦ Inhabitants EFP Total Area
(ha)

CIR
2022

1 Alangasi 69.68 64.05 50.03 44.44 67.33 1.86 33,809 62,884.74 2943.80 2.80

2 Amaguania 67.72 63.99 45.36 40.18 66.78 1.86 40,885 76,046.10 6034.20 4.50

3 Atahualpa 65.31 71.15 38.72 33.59 72.33 1.86 1937 3602.82 8634.00 134.70

4 Calacali 65.32 68.85 39.61 31.22 71.67 1.86 4179 7772.94 18,330.00 130.50

5 Calderon 69.39 65.07 46.98 49.00 66.31 1.86 271,169 504,374.34 7920.20 0.90

6 Conocoto 71.11 63.93 51.19 55.52 62.64 1.86 126,075 234,499.50 4807.70 1.20

7 Cumbaya 72.29 67.52 57.63 51.58 70.84 1.86 46,730 86,917.80 2645.90 1.90

8 Chavezpamba 65.08 71.61 40.60 32.68 74.88 1.86 730 1357.80 1228.70 51.60

9 Checa 64.61 70.25 39.14 34.55 67.72 1.86 10,969 20,402.34 8840.50 23.90

10 El Quinche 65.25 69.39 39.60 36.84 66.90 1.86 19,976 37,155.36 7317.60 10.90

11 Gualea 63.36 71.35 36.56 29.03 73.37 1.86 1911 3554.46 12,089.70 186.20

12 Guangopolo 64.23 64.14 40.04 36.01 67.10 1.86 4346 8083.56 1000.60 6.70

13 Guayllabamba 65.43 67.83 40.26 36.78 71.43 1.86 21,421 39,843.06 5545.10 7.80

14 La Merced 64.22 66.84 39.44 40.46 68.12 1.86 13,142 24,444.12 3164.20 7.20

15 Llano Chico 66.30 65.63 43.18 53.98 70.43 1.86 18,439 34,296.54 727.80 1.30

16 Lloa 64.13 71.46 38.33 27.81 63.79 1.86 1560 2901.60 54,382.40 995.30

17 Nanegal 64.16 70.81 37.36 29.14 75.85 1.86 2714 5048.04 24,546.40 269.70

18 Nanegalito 63.90 68.76 37.88 32.38 61.22 1.86 3693 6868.98 12,512.70 96.20

19 Nayon 69.48 66.89 52.56 47.28 72.75 1.86 25,067 46,624.62 1576.70 2.10

20 Nono 63.13 69.76 34.23 30.37 69.67 1.86 1706 3173.16 21,399.90 360.40

21 Pacto 64.11 69.88 35.48 28.44 74.08 1.86 4772 8875.92 34,734.10 212.90

22 Perucho 64.71 70.34 37.89 35.21 78.24 1.86 792 1473.12 973.40 37.80

23 Pifo 65.08 67.67 41.56 33.62 67.00 1.86 22,377 41,621.22 25,598.40 33.80

24 Pintag 63.21 67.73 37.37 31.08 70.03 1.86 22,129 41,159.94 48,859.90 64.00

25 Pomasqui 71.15 63.89 51.86 46.33 68.89 1.86 42,004 78,127.44 2324.70 1.80

26 Puellaro 64.37 69.01 38.58 33.20 74.41 1.86 5215 9699.90 7240.60 41.70

27 Puembo 65.73 68.71 44.71 37.69 73.80 1.86 16,815 31,275.90 3176.20 5.90

28 San Antonio 68.37 65.91 44.93 35.93 67.65 1.86 52,512 97,672.32 11,644.40 6.70

29 San José
de Minas 62.79 71.13 36.11 28.63 73.98 1.86 6957 12,940.02 30,851.60 130.00

30 Tababela 66.18 67.57 42.94 38.04 73.68 1.86 3799 7066.14 2533.70 20.70

31 Tumbaco 67.35 66.85 46.64 41.68 65.49 1.86 64,581 120,120.66 6567.00 3.10

32 Yaruqui 65.34 68.83 41.71 39.21 59.16 1.86 23,036 42,846.96 7225.20 9.20

33 Zambiza 66.57 63.53 44.76 38.63 73.58 1.86 5526 10,278.36 766.40 4.30

Table 7 shows the values of the components of the CIR calculation for 2072, calculated
with Equation (3). Figure 8 shows the CIR levels of the rural parishes of DMQ (2072).
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Figure 7. CIR levels 2022. Values were computed using the Natural Breaks (Jenks) method to classify
three levels: low, medium and high.
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Table 7. CIR of each parish in 2072.

N◦ Parish SD EVD ECD IFD GVD EF N◦ Inhabitants EFP Total Area
(ha)

CIR
2072

1 Alangasi 69.68 64.05 50.03 45.92 67.33 1.86 68,260 126,963.16 2943.80 1.40

2 Amaguania 67.72 63.99 45.36 42.63 66.78 1.86 72,888 135,572.27 6034.20 2.60

3 Atahualpa 65.31 71.15 38.72 33.61 72.33 1.86 2006 3732.07 8634.00 130.10

4 Calacali 65.32 68.85 39.61 31.34 71.67 1.86 4847 9015.06 18,330.00 112.60

5 Calderon 69.39 65.07 46.98 50.52 66.31 1.86 919,306 1709,909.29 7920.20 0.30

6 Conocoto 71.11 63.93 51.19 55.82 62.64 1.86 312,529 581,304.39 4807.70 0.50

7 Cumbaya 72.29 67.52 57.63 52.55 70.84 1.86 107,879 200,654.62 2645.90 0.80

8 Chavezpamba 65.08 71.61 40.60 32.78 74.88 1.86 576 1071.46 1228.70 65.40

9 Checa 64.61 70.25 39.14 34.92 67.72 1.86 16,745 31,146.39 8840.50 15.70

10 El Quinche 65.25 69.39 39.60 37.07 66.90 1.86 31,701 58,963.92 7317.60 6.90

11 Gualea 63.36 71.35 36.56 29.10 73.37 1.86 1655 3078.81 12,089.70 215.00

12 Guangopolo 64.23 64.14 40.04 36.03 67.10 1.86 11,647 21,663.23 1000.60 2.50

13 Guayllabamba 65.43 67.83 40.26 38.05 71.43 1.86 38,622 71,836.55 5545.10 4.40

14 La Merced 64.22 66.84 39.44 41.37 68.12 1.86 43,206 80,363.24 3164.20 2.20

15 Llano Chico 66.30 65.63 43.18 54.17 70.43 1.86 58,591 108,980.17 727.80 0.40

16 Lloa 64.13 71.46 38.33 27.82 63.79 1.86 1707 3174.78 54,382.40 909.70

17 Nanegal 64.16 70.81 37.36 29.14 75.85 1.86 2883 5362.56 24,546.40 253.90

18 Nanegalito 63.90 68.76 37.88 32.60 61.22 1.86 5629 10,470.60 12,512.70 63.20

19 Nayon 69.48 66.89 52.56 47.82 72.75 1.86 68,046 126,566.49 1576.70 0.80

20 Nono 63.13 69.76 34.23 30.43 69.67 1.86 1645 3059.00 21,399.90 373.90

21 Pacto 64.11 69.88 35.48 28.48 74.08 1.86 4697 8736.49 34,734.10 216.30

22 Perucho 64.71 70.34 37.89 35.21 78.24 1.86 800 1488.81 973.40 37.40

23 Pifo 65.08 67.67 41.56 33.84 67.00 1.86 41,852 77,844.60 25,598.40 18.10

24 Pintag 63.21 67.73 37.37 31.31 70.03 1.86 34,552 64,266.69 48,859.90 41.00

25 Pomasqui 71.15 63.89 51.86 46.86 68.89 1.86 92,566 172,173.39 2324.70 0.80

26 Puellaro 64.37 69.01 38.58 33.33 74.41 1.86 4559 8479.92 7240.60 47.80

27 Puembo 65.73 68.71 44.71 39.71 73.80 1.86 26,373 49,054.27 3176.20 3.80

28 San Antonio 68.37 65.91 44.93 37.89 67.65 1.86 146,208 271,947.02 11,644.40 2.40

29 San José
de Minas 62.79 71.13 36.11 28.70 73.98 1.86 6269 11,660.92 30,851.60 144.30

30 Tababela 66.18 67.57 42.94 39.20 73.68 1.86 9070 16,869.32 2533.70 8.70

31 Tumbaco 67.35 66.85 46.64 43.01 65.49 1.86 111,218 206,864.93 6567.00 1.80

32 Yaruqui 65.34 68.83 41.71 39.84 59.16 1.86 39,489 73,449.93 7225.20 5.40

33 Zambiza 66.57 63.53 44.76 38.98 73.58 1.86 11,128 20,698.79 766.40 2.10

Table 8 shows the comparison of CIRs in the two time periods for each rural parish
of the DMQ. It also describes the impacts that the parishes will experience over the next
50 years due to spatial urban expansion, settlements and population growth. Figure 9
shows CIR changes (2022–2072).
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Figure 8. CIR levels 2072. Values were computed using the Natural Breaks (Jenks) method to classify
three levels: low, medium and high.
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Table 8. Impacts of CIR on each parish 2022–2072.

No. Parish CIR 2022 CIR 2072 Impact

1 Alangasi 2.8 1.4 -

2 Amaguania 4.5 2.6 -

3 Atahualpa 134.7 130.1 -

4 Calacali 130.5 112.6 -

5 Calderon 0.9 0.3 -

6 Conocoto 1.2 0.5 -

7 Cumbaya 1.9 0.8 -

8 Chavezpamba 51.6 65.4 +

9 Checa 23.9 15.7 -

10 El Quinche 10.9 6.9 -

11 Gualea 186.2 215.0 +

12 Guangopolo 6.7 2.5 -

13 Guayllabamba 7.8 4.4 -

14 La Merced 7.2 2.2 -

15 Llano Chico 1.3 0.4 -

16 Lloa 995.3 909.7 -

17 Nanegal 269.7 253.9 -

18 Nanegalito 96.2 63.2 -

19 Nayon 2.1 0.8 -

20 Nono 360.4 373.9 +

21 Pacto 212.9 216.3 +

22 Perucho 37.8 37.4 -

23 Pifo 33.8 18.1 -

24 Pintag 64.0 41.0 -

25 Pomasqui 1.8 0.8 -

26 Puellaro 41.7 47.8 +

27 Puembo 5.9 3.8 -

28 San Antonio 6.7 2.4 -

29 San José de Minas 130.0 144.3 +

30 Tababela 20.7 8.7 -

31 Tumbaco 3.1 1.8 -

32 Yaruquí 9.2 5.4 -

33 Zambiza 4.3 2.1 -

Due to the urban spatial expansion and population growth of localities in the DMQ’s
rural parishes, 27 of the 33 parishes are negatively impacted in the CIR; that is, meaning they
will be less resilient in 2072 under the current circumstances of the other variables. However,
6 parishes register a positive impact on the CIR, i.e., they increase their resilience, mainly
because they tend to decrease (depopulate) according to the projections of population
growth by 2072, although they record an increase in the spatial urban expansion of their
localities. It has also highlighted the particularity that in the 6 parishes that increase their
resilience, the percentage of urbanized land and settlements is low in relation to the total
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area, and they also have a variety of land uses. Figure 10 shows the impact of CIR between
2022 and 2072.

Figure 9. CIR changes (2022–2072).
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Figure 10. CIR impact of each parish 2022–2072.

4. Discussion

This study incorporates several considerations for measuring CIR, i.e., a multidimen-
sional measurement that ensures a balanced and comprehensive approach to resilience. In
addition, this manuscript highlights population growth and the projected spatial urban
expansion for the next 50 years, considering the analysis in the context of CC and the
staggering rate of population growth [34]. These considerations were obtained from a
comparison with some articles that assess the level of resilience in territorial systems in
the context of this study. For example, Walker and Salt [57] who suggest that diversity in
socio-ecological systems increases the resilience of the system and homogeneous territories
are therefore more vulnerable to environmental stress. Similarly, Tumini [58] highlights the
relationship between resilience and sustainability, stating that a territory is only sustainable
if it is also resilient. Rizzi [59] concludes in his study in Europe that the most resilient areas
are those that have high indicators in the economic, social and environmental dimensions,
and he also notes that these dimensions are the better resilience factors. Finally, Vincent [60]
Brooks, Adger y Kelly [61] found that the most vulnerable countries are those that have
low scores in the economic, social, environmental and technological dimensions.

Tumini [59] and Méndez [10] propose a change in approach to resilience in urban
environments that adapts to planning and sustainable CC using sustainability indicators.
Similarly, Milanés and Estrada [62] and Ordóñez-León [63] analyze urban resilience through
poverty indicators. These works determine the level of resilience in a heuristic and theoreti-
cal way. While the works of Cuadrado-Roura and Maroto [64], Villada Estrada [65], Yanez
Contreras [17], Sánchez Zamora [66], and Suarez Pardo [67] propose multidimensional
mathematical models (social, environmental, economic, housing, physical, governance,
among others) to determine the resilience index, with the difference that they use weighting
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techniques between the dimensions considered, mostly multicriteria techniques. This
study also uses a multidimensional mathematical model, the CIR, which considers five
dimensions and weights the dimensions equally. This highlights that the balance between
the acting factors is essential and innate to the systems that want to be resilient. Finally,
this research analyzes the factors that determine territorial diversity, which at the same
time determine the quality of life of rural communities in the DMQ. This allowed us to
determine comprehensive indicators that are the starting point for other studies related to
rurality, climate change, natural disasters, sustainable planning and others.

Finally, this study focuses on measuring the impact of the change in IFD (Spatial urban
expansion and population growth) on the CIR. However, all other dimensions and variables
will certainly change and have impacts on the CIR that need to be considered.

5. Conclusions

The concept of “resilience” is very well positioned among development initiatives and
programs worldwide and is key to international agendas. All local and globally recognized
initiatives addressing resilience in the region are confronted with the relationship between
risks and growing populations. Thus, promoting resilience must mean reducing risk by
increasing capacity and reducing fragility in order to implement effective solutions. Efforts
must be made to prioritize the most vulnerable social groups, i.e., those who are at risk
and lack the necessary conditions to face and recover from unexpected events. A resilient
territory must address chronic and recurring disasters at their root and not rely solely on
managing the consequences.

Population growth and spatial urban expansion are the factors that most affect a
resilient system, as the causes and impacts usually originate from and rebound on the
population. In this way, if rapid urbanization is not adequately planned it will put pressure
on basic services, living conditions, and public health. However, the same population
density can also bring improvements in efficiency and technological innovation, while
reducing the consumption of resources and energy. To develop a resilient territory, local
governments must prioritize disaster risk assessment and planning, since the phenomenon
of massive urbanization turns cities into sources of vulnerability (floods, earthquakes,
droughts, air pollution, extreme weather events).

The analysis of this study contributes to Sustainable Development Goal #11: “Make
cities and human settlements inclusive, safe, resilient, and sustainable.” To achieve this, the
lagging and most vulnerable must be part of urban planning and urban territorial policies,
to later have tools to manage problems, adaptability or resilience of an integral system.

Although the DMQ presents a strategic plan to become a resilient city, it focuses on
and gives priority to the city of Quito while continuing to treat the localities of the rural
parishes in a general way. However, these must be treated independently and according
to their own reality. For this reason, geostatistical models (AC and PE) and traditional
multivariable and multidimensional mathematical models (social, environmental, physical,
governance and economic) were considered to calculate the rural CIR of the DMQ, which
proves to be a comprehensive and efficient method to assess rural resilience and contributes
to territorial sustainability.

It is confirmed by the results of this analysis that the factors of population growth
(population density) and spatial urban expansion (urban density) are the most important
factors in the development, management and creation of resilience in a territory, because
these factors are the ones that cause, and at the same time those who suffer the consequences
of, their own actions in all the dimensions analyzed. Similarly, the diversity of factors that
determine each variable has a positive effect on the level of resilience. For example, a more
diverse land use and companies from different industrial sectors increase the resilience of
the territory. Finally, weighting all the dimensions considered with the same value reflects
one of the conceptual principles of the concept of resilience: term BALANCE, because
all the dimensions of the system must be taken into account so that the resilience of the
territory is sustainable.
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