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Abstract Although the analysis of urban poverty has
advanced towards the integration of objective and
subjective approaches to assessing urban develop-
ment, evaluation of quality of life in cities remains tied
to a commodity framework which conceptualises it as
the mere dotation of urban amenities. Multidimen-
sional indicators of quality of life attempt to overcome
this sort of restriction by considering broader infor-
mational spaces to assess well-being in cities. The
capability approach has gone some way in addressing
this as a multidimensional approach, however the
interpretation of spatial phenomena has been absent
from its application, meaning that the role of space in
the configuration of urban poverty has been neglected.
Drawing on cross-sectional data, this paper examines a
multidimensional measure of urban poverty based on
capabilities of young adults in Bogota in order to
identify clusters of deprivation and affluence of well-
being and determine levels of urban segregation based
on this type of metric. The result is a spatialised index
of capabilities that allow us to assess well-being from a
perspective of socio-spatial differences. The findings
support the importance of considering spatial
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patterning of capabilities in understanding poverty
dynamics in cities. Spatialised capabilities may help to
support urban policy design and promote greater
understanding of spatial inequalities in cities.
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Introduction

Urban poverty and residential fragmentation as social
problems have usually been studied as processes that
tend to manifest themselves spatially (Massey 2009;
Soja 2009, 2010), in the sense that urban poverty’s
occurrence is unrelated to the place where it is
generated. Urban poverty is understood in this sense
as a problem that is contained in the urban space but is
not a direct manifestation of it. Lemanski and Marx
(2015) point out that the lack of communication
between research on the spatiality of places (located
mainly in geography) and the research on how and
why urban poverty happens (located mainly in the
discipline of development studies) has led to the direct
consequence that urban dynamics, and particularly
urban poverty, are no longer scrutinised from the
perspective of their own spatiality.
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In considering urban scholarly research, urban
poverty has been codified in different ways. Since
the seminal articles of Wratten (1995) and Satterth-
waite (2001) on how to conceptualise deprivation in
cities, the way we understand urban poverty has
changed from being almost exclusively an extension
of improving the levels of income per capita to a wider
perspective that acknowledges that urban life requires
a much more comprehensive agenda, combining
material and non-material assets where people’ lives
are the focus of attention in assessing economic and
social progress. Although it is indisputable that the
urban agenda has expanded towards objective and
subjective dimensions of development (Evans et al.
2016), the essence of urban well-being remains tied to
a commodity framework which understands economic
growth and neoliberal paraphernalia as mechanisms to
alleviate urban poverty. Within this discourse, cities
have been described almost exclusively as centres of
innovation and economic growth intended to generate
trickle down benefits for all kinds of urbanites
(Fainstein 2011).

When measuring quality of life and locating urban
poverty in city spaces, the normative debate about its
definitions becomes relevant, as developing a defini-
tion of urban poverty will inevitably determine its
form and characteristics. In tackling this issue, this
article introduces capability approach (CA) as an
evaluative framework to investigate spatial fragmen-
tation in Bogota. The article endeavours to capture the
effects of the production of fragmented spaces' by
looking at how inequalities and residential segregation
are manifested in the space when a multidimensional
approach to poverty is considered. Young adults in
Bogota are the focus for analysis, a group who are not
only one of the subgroups who suffer most dispropor-
tionately the effects of poverty and limited opportu-
nities in the context of contemporary cities (Casas-

! The concept of fragmented spaces is associated with the idea
of a ‘city of fragments’ or the tendency of modern cities towards
the development of spaces that are separated or detached from
each other (Castells 1977; Graham and Marvin 2001; Landman
2011). Urban fragmentation is conceptualised as “a spatial
phenomenon that results from the act of breaking up, breaking
off from, or disjointing the pre-existing form and structure of the
city and systems of cities” (Burgess 2007, p. 1). When urban
fragmentation produces enclaves of poverty and wealth, the
results is a process of residential microsegregation as mixed
communities are located at the micro level.
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Casas et al. 2012; Thompson 2017) but also a group
lacking an evaluative framework to assess the effects
of urban inequalities on their life trajectories from a
perspective of human flourishing and advantage.

The paper employs spatial thinking to examine
differentials in young adults’ well-being and agency
across Bogota. It maps the spatial patterning of
capabilities in the city at different scale levels, using
a composite indicator of capabilities, which aggre-
gates domains of quality of life relevant to young
adults using the CA framework (Sen 1979, 1985). The
result is a description of young adult poverty as
capability deprivation that reveals socio-spatial dif-
ferences in human advantage in the Bogota landscape.
Following this introduction, a literature review is
presented describing major spatial theories of justice
and alternative normative frameworks to assess well-
being and human advantage. Data collection is then
presented with the distinct geographical scales
employed to assess spatial autocorrelation and resi-
dential segregation indices. The next section explains
the methods used in each analysis. Results are then
presented, identifying city areas where a capability
driven intervention should be taken into consideration.
The final section recapitulates major findings and sets
out the discussion of how spatial relations have a
capability narrative relevant to young adults’ quality
of life in Bogota.

Spatial justice and normative thinking
in the literature

The lack of spatiality in monitoring and assessing
urban inequality is also evident in debates regarding
the conception and interpretation of how justice
should be conceived and interpreted. Modern theories
of justices tend to be aspatial in the way that
informational spaces of human advantage, or metrics
of justice, do not fully consider the effects of space on
how human relationships are produced. For instance,
Mill’s utilitarianism or Rawls’s justice as fairness
theories can be considered aspatial as they conceptu-
alise the spatiality of inequality as a mere ‘distribu-
tion’ problem rather than one that conceives space as a
producer of inequality. Merrifield and Swyngedouw
(1997) suggest that non-spatial theories of justice can
be seen as invariably “devoid of time and space” (p.
3), meaning that central arguments to explain justice
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normally depart from the qualities of space as
explicative factors of inequality.

Non-spatial theories of justice have been chal-
lenged by sociologists and human geographers (Mer-
rifield 1999; Soja 1999; Unwin 2000) who have
identified specific qualities of space which explain
why societies are unequal. Within the field of geog-
raphy, the spatiality of inequality becomes organic
when relations of domination and oppression take
shape in urban processes such as gentrification, urban
fragmentation and segregation. Here, space and place
become evaluative aspects to identify factors that
contribute to explaining not just territorial injustices
and uneven geographies that are reproduced under
globalisation (Giddens 1990; Castells 2004; Sassen
2013) and capitalist societies (Harvey 1973, 2006), but
also to understand specific features of contemporary
cities where urban institutions, policies and discourses
contribute to reproducing spatial inequality (Soja
2009, 2010). The evaluative aspect of inequality
clearly moves beyond a distributional interrogation
for social justice towards one that looks first at
systematic relations of oppression and dominance
(Young 2011). The spatiality of social justice is also
examined from the perspective of programme
implementation.

Despite these developments, where the concept of
spatial inequality is introduced to critically engage in
the understanding of how unjust geographies are
conceived and produced (Marcuse et al. 2011), the
lack of normative thinking is still a distinct feature of
theories of justice that do not embrace a set of spatial
outcomes that can be used for evaluative proposes.
Without applying a normative framework to assess
spatial inequality, social processes of human well-
being and agency may be subject to oversimplifica-
tion. For Olson and Sayer (2009), the lack of
normativity to define what well-being and quality of
life means in the context of contemporary cities has
becoming symptomatic of the conversations between
space and justice.

In this context, attempts to introduce a metric for
spatial inequality appear to focus on alternatives that
can evoke the spatial dimension of justice rather than
reorient or redefine established arguments of justice.
Dikeg (2001) proposes the notion of spatial dialectics
of injustice to reconcile the tensions between the
distributional paradigm of justice and one that
includes a normative content to define what human

well-being and agency means to justice. Although this
contributes directly to understanding how spatiality
serves as a framework within which to understand
inequalities, this does not really correct the problem of
which normative framework should be used for
assessing spatial equity.

Many scholars from the discipline of development
studies support the idea that social arrangements and
development itself should strive to enhance human
flourishing through enlarging real freedoms, rather
than focusing on the maximisation of income and
commodities. This approach is mainly encapsulated in
the capability approach (CA) pioneered by Sen
(1979, 1985, 1992), which has revitalised much of
the discipline of development studies to the point that
it is now central in the foundation of the human
development paradigm (Haq 1995; Alkire and Deneu-
lin 2009; Fukuda-Parr 2011). The CA serves as a
fruitful framework to motivate a multidimensional and
normative evaluation of spatial relations.

Capability scholars (Sen and Williams 1982; Ste-
wart and Deneulin 2002; Gasper 2007; Qizilbash
2011) agree that the evaluation of poverty has been
notoriously influenced by the normative framework of
utility where human progress is analysed exclusively
from a perspective of economic growth, or ‘primary
goods’ (Deneulin and Shahani 2009). As an alternative
approach, the CA advocates that social progress
should be assessed in the space of capabilities or
substantive freedoms that people have and have reason
to value. The assessment of spatial inequality from the
perspective of the normative metric of Sen’s approach
can focus alternatively on other evaluative spaces to
account for advances in human flourishing such as
functionings, capabilities and agency. This link
between social justice and spatial inequality is recently
addressed by Israel and Frenkel’s paper (2017) which
presents a conceptual framework to operationalise the
CA as a normative argument to understand spatial
inequality in different contexts. The reason to use the
CA to link both conceptual aspects is based on the idea
that capabilities as a metric of spatial justice are more
appropriate as evaluations of well-being and agency
would not be carried out hypothetically, as Rawls
suggests under the idea of the ‘original position’, but
by one’s ability to choose and realise a range of
opportunities (Abel and Frohlich 2012).

Based on these contributions and the need to move
towards a normative approach that focuses on how
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space determines the quality of life of people, this
article applies a spatial analysis framework to deter-
mine if multidimensional urban poverty is manifested
in the space, giving traction to the idea that multidi-
mensional inequality has a spatial dimension to it.

Data and variables

The article considers the socio-spatial distances of
capabilities for young adults in Bogota and assesses
whether multidimensional measures of urban poverty
exhibit differences with income-driven measure-
ments. The article uses the positionality of young
adults to define urban poverty in terms of domains
which are fundamental to living a good quality urban
life. Here, the definition of quality of urban life is
based on a multidimensional composite index which
aggregates 10 different dimensions of what is consid-
ered a good quality of life in Bogota—the capability
index (CI).> The classification of urban poverty in
Bogota has traditionally used the socioeconomic
stratification system® as a proxy of households’ ability
to pay, which relies mainly on an assessment of the
physical state of buildings and which can be notori-
ously deficient to conceptualise human flourishing. To
correct for this, the analysis compares the spatial
distribution of CI in relation to urban poverty based on
strata.

Scores of the CI were georeferenced using three
different areal scales: 1. Districts, 2. Zonal Planning
Units (UPZs), and 3. Blocks. Bogota is divided into 20
urban districts and 111 UPZs. Districts are adminis-
trative—political divisions with relative homogeneity

2 The Capability Index is a composite measure of young adults’
quality of life in Bogota. It is drawn in domains of quality of life
identified directly with young adults from 18 to 28 years using
focus group discussions. Exploratory and confirmatory factor
techniques were used to reduce data from secondary data
domains of quality of life. The design, aggregation and
construction of the CI is presented in detail in a forthcoming
article (Bucheli 2018).

3 The ‘stratification system’ is a socio-economic mechanism
that rank dwellings from one to six strata, aiming to focalising
subsidies to compute the utility bills tariffs. The system uses a
scale from 1 to 6 strata with 1 as the lowest income and 6 as the
highest income. The public policy considers that the physical
condition (facade, type of floor, roof materials, etc.), location
and built environment surrounding dwellings can work as a
proxy to identify urban poor (Uribe and Pardo 2006).
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in terms of geography, culture and economic activity.
Each district is divided by several UPZs, which are
larger than neighbourhoods and that serve to plan
urban development at the zonal level. The smallest
spatial unit used were blocks.*

For the case of the regression model, scores of
capabilities were geocoded using census tracts data
available from the J14 survey.’ In the regression
model, the dependant variable is the CI. The index is a
composite indicator of 10 domains of quality of life of
young adults aged between 18 and 28 years old.
Independent variables are socioeconomic observa-
tions captured in the J14 survey. Independent variables
measure different levels of inequality in young adults:
percentage male, percentage stratum group, poverty
rate, percentage ethnicity (mestizo) and percentage
with a Bachelor’s degree. The stratum variable
measures residential deprivation and calculates the
quality of the built environment in each block. The
regression coefficient for these variables estimates
whether belonging to higher strata renders equal,
higher or lower levels of capability scores. For
education outcomes, the percentage of young adults
without access to secondary education was considered
as a proxy for education inequality. The domain of
income poverty is represented by quality of air in the
neighbourhood. As with other variables in this set,
ethnicity and gender variables attempt to capture
degrees of inequality in the production of capability
scores.

The article uses Bogota’s socioeconomic stratifica-
tion system as an explanatory variable to predict
differences on scores of the CI and to compare patterns
of segregation based on capabilities and strata. Based
on six different strata or groups, houses in Bogota are
classified according to the physical conditions and
built environment that are present in the residential
area. Although strata differentiation is a powerful

* For each spatial scale, the CI was computed by obtaining an
average indicator of capabilities for each areal unit. Cartography
was employed to geo-reference each administrative unit using
QGIS. Scores of capabilities were joined from the 44 survey to
available shapefiles of urban districts, UPZs and blocks from the
Capital District’s Spatial Data Infrastructure (IDECA).

3 J14 Survey is part of the 2014 District Youth Study and
constitutes the most recent data available with relation to
socioeconomic characteristics of the young adult population in
Bogota.
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indicator to capture spatial differentiation, the system
often has focalisation errors since families of high
economic resources can be classified as low strata
households due to the location and external condition
of their place of residence.® For the regression model,
results need to be interpreted with caution. In the case
of mapping segregation patterns, capability scores will
contribute to critically compare the results of using
focalisation measures based on strata or capabilities.
Indeed, it becomes relevant to evaluate other variables
that can capture location decisions and that can
provide better information about how people are
distributed in the urban space. Previously, Aliaga and
Alvarez (2010) looked at variables such as education
and poverty to analyse whether territorial segregation
evolves differently to socioeconomic indicators. This
article attempts to expand that analysis by using a
place-based approach using capabilities as an evalu-
ative framework to assess the effects of residential
segregation on young adults’ quality of life.

Methods

The article is designed to detect the spatial distribution
of capabilities and to reveal whether—if there is
segregation patterning—it is distributed in the urban
structure of Bogota. To answer these questions the
article employs three different but interconnected
analyses. First, exploratory data analysis (EDA) is put
in place with the aim of testing the presence of spatial
autocorrelation among scores of the CI for young
adults, and to identify and locate similarities/dissim-
ilarities in terms of capability achievement among
young adults. The working hypothesis is that the CI
exhibits a spatial dependency as observed values in
one location depend on the values observed at
neighbouring locations. Second, spatial regression is
conducted to assess the importance of the spatial

% In recent years, the stratification policy in Colombia has been
strongly criticized (Gallego et al. 2014; Sepulveda et al. 2014;
Econometria 2018). The greatest concern has to do with the fact
that the system has lost its ability to discriminate, in the way that
improvements in housing conditions are not always reflected in
an update of the stratum. In addition to this, the stratification
system has inclusion and focalization errors, highlighting the
case of rich families living in properties classified as stratum
one, or cases of hidden poverty, where there are poor families
living in high strata (Sepulveda et al. 2014).

components as well as the effects of socioeconomic
variables in the CI. A central point in this section is to
test whether space/location influences the scores in the
CI. And third, a battery of segregation indices is
calculated to measure residential fragmentation levels
based on capabilities of young adults in Bogota. In
comparison to measurements of segregation based on
ethnicity, income or class, the article uses capability
deprivation as a measure of young adult poverty to test
the level of residential fragmentation presented in the
urban space of Bogota. Here, the residential segrega-
tion pattern produced by the stratification system used
in Bogota is compared to the segregation pattern
produced by capabilities. The existence of differences
will reveal the lack of coherence of territorial redis-
tributive policies to tackle multidimensional domains
of human flourishing for young adults, while also
describing the current pattern of residential fragmen-
tation in the city

Spatial autocorrelation analysis

As part of the EDA, a test of spatial autocorrelation
analysis was performed to investigate whether the CI
has a spatial pattern across the city or not. Spatial
autocorrelation measures the degree of heterogeneity
and clustering using both feature locations and feature
values at the same time, so results allow the reporting
of the extent to which points (scores) cluster or are
randomly spread throughout space.

For the case of the CI, spatial autocorrelation
measurements contribute to performing hypothesis
testing in the sense of whether scores of the index
follow a dispersed, clustered or randomly spatial
distribution. Moran’s [ index is a correlation coeffi-
cient which tests the degree to which similar (or
dissimilar) spatial units are clustered or not. In a
context of model specification, a measurement of
spatial autocorrelation based on a global Moran’s
I will identify a positive autocorrelation when values
cluster, and a negative autocorrelation when dissimilar
values cluster.” Although this statistic is adequate to
identify the existence of spatial patterning (whar), it

7 Values for Moran’s I range from 1 (perfect positive spatial
autocorrelation) to — 1 (perfect negative spatial autocorrela-
tion). Moran’s / = 0 indicates values are random and indepen-
dent in space.

@ Springer



598

GeoJournal (2020) 85:593-615

does not provide the location where the patterning is
produced (where).

The analysis uses a local statistic for cluster
detection. Based on a decomposition of global
Moran’s I, the article performs an analysis by using
local indicators of spatial association (LISA) to
localise significant high/lower capability areas and
that are not accounted for by chance (Anselin 1995). A
local Moran’s I was conducted to test significant
spatial clustering of similar and dissimilar values
using ‘hotspots’ and ‘coldspots’ maps.® During the
testing of spatial autocorrelation, statistical signifi-
cance was set at the 99% confidence level. In order to
reduce the likelihood of reporting clustering without
this type of patterning from actual spatial distribu-
tion—as even with complete spatial randomness
(CSR) can be identified a kind of clustering—a Monte
Carlo test was carried out of 999 permutations of
random datasets (Good 2010).

Spatial autocorrelation measures were calculated
for the different geographic units identified. For this
section, spatial autocorrelation was calculated using
scores of the CI by urban district, UPZs, blocks (points
and polygons) as well as for each individual score
(points) of the sample.” Spatial weight matrices were
calculated for each zone using common spatial
conceptualisations such as contiguity weight of first
order (queen’s case and rook’s case contiguity) and
distance weight (fixed distance and k-nearest neigh-
bours).'® By assessing normality of histograms and the
connectivity map offered as features by GeoDa,
different possible neighbourhood weights for each
specific zone were inspected and compared (Fig. 1).
Occurrences of islands, or unconnected observations
were discarded. The final selection of spatial weight
matrices was based on polygon contiguity matrices
that show high coefficients of spatial autocorrelation

8 A binary relation of cluster and outliers is represented in the
map where four different relations are identified: a cluster of
high values (HH), a cluster of low values (LL), an outlier of high
values surrounded by low values (HL) and an outlier of low
values surrounded by high values (LH).

? For each scale unit, a spatial weight matrix was created in
GeoDa.

' The polygon contiguity conceptualisation is more effective
for this case as it considers that spatial relationships is a function
of polygon proximity, meaning that those young adults who
share a boundary, spatial integration tends to increase.
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along with a high level of statistical significance (Voss
and Chi 2006).""

Spatial regression model

Statistical analysis is performed to identify the effects of
exploratory variables such as gender, age, strata, marital
status, dominance of second language and ethnicity to
predict values of the CI. A spatial regression was
conducted to account for the presence of spatial effects
on how capabilities are produced among young adults in
Bogota. First, ordinary least square (OLS) estimation
was run and results were compared with spatial
statistical models, particularly the spatial autoregressive
model (SAR) and the spatial error model (SEM).

In standard regression models, one of the assumptions
is independence of the observations, where residuals
follow a normal distribution with zero average and
constant variance. In the case of the spatial linear model,
the presence of spatial dependence violates the hypoth-
esis of uncorrelated values. The existence of spatial
dependence in the data is likely to bias inferences as
spatial data can show correlation in variables and error
terms. In other words, if spatial dependence is ignored in
the regression model, inferences will not be robust
(Haining and Amable 2013). To improve the predictive
power of spatial data and to account for spatial effects
when spatial dependencies are significant, spatial regres-
sion models include an autoregressive coefficient (p), that
measures levels of spatial dependence, and a weight
matrix (W), that specifies the conceptualisation of spatial
relationships (Chi and Zhu 2008).

Firstly, an OLS model was estimated for comparison
with the spatial autoregressive model (SAR) and the
spatial error model (SEM). In the case of SEM, the error
model corrects the effects of inefficiency of estimates by
adding a spatial error specification to the model. In SAR,
model bias is corrected by adding the spatial lag term as
an exploratory variable in the model. The decision rule
for spatial regression model selection is based on the
spatial regression decision process suggested by Anselin
and Rey (2014).'? The selected regression model is the

"' For each autocorrelation test, a first order queen contiguity
was used.

'2 The analysis employed the GeoDa regression tool to run the
OLS estimation and to check spatial autocorrelation through
Moran’s I and Lagrange Multiplier (LM) tests as well as to
calculate measures of goodness-of-fit in the regression model.
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Fig. 1 Connectivity histograms at different administrative scales

one that obtains the best predictive results based on the
statistical significance of the spatial autoregressive
coefficient, and by comparing the model that obtains
the highest log-likelihood and the smallest Akaike info
criterion (AIC). The estimation models included are the
ordinary least square (OLS) model and the spatial model.
The description of the OLS model is:

Cli=Bo+Prai+P,0;+B30;+Bapi+PBsmi + u

(1)

where CI is the reported quality of life of individual i, o
is gender, 0 is socioeconomic stratum, 9 is ethnicity, u
the quality of air at the neighbourhood level as a proxy
for poverty,  is school attendance, and « is the error
term of individual i.

Number of Neighbors

Measures of segregation

Socio-spatial divisions, or the degree to which two or
more people live separately from each other, can be
quantified by different measures of segregation that
account for this feature of disproportionality. Popular
measures of segregation include the index of dissim-
ilarity (D), which calculates the evenness with which
two different groups are distributed in an aerial unit, or
the exposure or interaction index, which captures the
sociological aspect of segregation as it measures the
probability that a member of a given group interacts
with a member of a different group (Reardon and
O’Sullivan 2004). For capturing the multidimensional
process that urban segregation exhibits, researchers
have agreed that five dimensions should be considered
to quantify the degree of segregation presented.
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Massey and Denton argue that people can be segre-
gated in a ‘variety of ways’ (1988, p. 283). For
instance, minorities can be overrepresented or under-
represented in certain urban areas (evenness). They
can be isolated or integrated in the urban space
(exposure). They might be spatially concentrated in
terms of the physical space occupied in a given
territory (concentration) or can be located close to the
urban ‘central core’ (centralisation). They can also be
grouped or dispersed in the urban space (clustering).'
Following the argument that urban segregation in
Bogota is a multidimensional process, where patterns
of segregation tend to move towards a more cellular
residential segregation (microsegregation), the quan-
tification of the separation among groups in the city
requires the use of different indices to account for the
diverse aspects of segregation. This means that an
attempt to measure the level of residential fragmen-
tation requires not only an assessment of each of the
five dimensions mentioned above but also accounting
for the spatial component of the phenomenon. Using
scores of the CI,'* segregation was measured at urban
district, UPZ and block level for different groups of
young adults in terms of capability achievement,
portraying the spatial distribution of those groups
across Bogota, and therefore, identifying the pattern of
residential segregation in terms of capabilities. In the
case of spatial units, the analysis used 19 urban
districts, 99 UPZs and 2042 blocks. Table 1 shows the
distribution of population for each spatial unit.
Domains of evenness, exposure, concentration and
clustering were measured to assess the level of

'3 Evenness and exposure are considered structural dimensions
of segregation and are non-spatial indices as they are not
sensitive to changes in the size of geographic areas (Wong
1993)—as such, these two dimensions suffer from the checker-
board problem as they do not account for the proximity among
groups but only for the composition of the areal unit.
Conversely, concentration, centralisation and clustering
domains are spatial in nature which means that indices assess
the contiguity between centroids to account for interaction
among groups.

!4 Scores of the CI were classified based on natural breaks
(Jenks), where five category groups were created for each areal
unit: ‘very low’, ‘low’, ‘medium’, ‘high’ and ‘very high’. These
categories were spatialised by joining them with urban district,
UPZ and block shapefiles of Bogota, downloaded from the
Cadastre of Bogota web page, using QGIS 2.6.1. The created
shapefile is uploaded in the open-source software Geo-Segre-
gation Analyzer, where the set of segregation indices are
calculated.
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segregation within the distribution of capabilities of
young adults across the urban landscape of Bogota.
Table 2 lists spatially and non-spatially segregated
indices calculated for each dimension."’

Results
Spatial autocorrelation tests

Figure 2 shows the distribution of the CI based on the
natural grouping inherent in the data using the data
classification methods of natural breaks (Jenks).16 A
visual examination of the CI suggests that autocorre-
lation of scores is plausible (Tobler’s law) and that the
assumption of independent errors between scores
might not hold in this case. Autocorrelation seems to
be clearer under larger areal units (urban district and
UPZ) and less obvious when there is a lower scale
(blocks and individual scores).

Tests for autocorrelation at different aggregation
levels were positive and significant. Results showed
that young adults with high capability scores tend to be
located close to other young adults with high capabil-
ity scores, and places with low capability scores tend
to be located close to other disadvantaged areas. This
demonstrates that young adults are spatially differen-
tiated in terms of how capabilities are achieved in
Bogota. Using local spatial autocorrelation indicators
(LISA) it is possible to identify where sorting is
located. From the urban district and UPZ perspectives,
capabilities are sorted in a clear fragmented and
polarised fashion. Figure 3 shows the distribution of
significant scores of CI at urban district, UPZ and
block levels using LISA indicators.

At district level, there is a positive spatial autocor-
relation and significant spatial clustering, Moran’s
I=.439, p=0.01, n=19. The urban districts of
Chapinero, Barrios Unidos, Usaquen, Suba and Enga-
tiva cluster significantly advantaged young adults

15 All indices calculated in this section range from O to 1, where
values close to 0 account for low levels of segregation and
values close to 1 account for high values of segregation. The
selection of indices is based on the criteria of comparability and
the potential to compare spatial and no spatial indices across
different urban scales.

16 The method classifies the data through class breaks that best

group similar values and which maximises the differences
between them (Smith et al. 2015).
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Table 1 Young adult population groups by level of capability scores

Groups Urban locality UPZs Blocks
Number of people % Number of people %o Number of people %

Very low capabilities 495 6 540 7 440 6
Low capabilities 1322 17 1404 18 1375 18
Medium capabilities 2426 31 2520 33 2171 28
High capabilities 2436 31 1987 26 2082 27
Very high capabilities 1074 14 1265 16 1679 22
Total population 7753 100 7716 100 7747 100

Attrition in the number of people reported in both UPZ and block level are due to missing values that were not georeferenced

Table 2 Selected indices of segregation

Dimension Index Spatial Type Level
nature -
One Two Multi-  Urban UPZs  Blocks
group groups group locality
Evenness Index of dissimilarity (D) X v v (4 v v v
Index of dissimilarity adjusted (adj) (4 v v X v (4 X
Entropy index (H) X v v (4 v v v
Gini index (G) X v v v v (4 v
Atkinson index (0.1), (0.5), (0.9) X v X X v v v
Exposure Isolation index (xPx) X v X X v v 4
Interaction index (xPy) X X v X v v v
Correlation ratio (Eta®) X v X X 4 v v
Clustering Spatial proximity index (SP) (4 X v v 4 (4 X
Concentration  Delta index (DEL) v v v X v v X
Index of relative concentration (RCO) v X v X v v v
Local indices Location quotient (QL) (%4 - - - v (4 v
Entropy (H2) v - - - v 4 4

(p = 0.05), which indicates that young adults with
high scores reside near to other young adults who
report high scores in the CI. In contrast, the urban
districts of Santafe, San Cristobal, Antonio Narino and
Rafael Uribe Uribe cluster disadvantaged young adults
in terms of capability achievement (p = 0.05).

The rest of the urban districts obtained capability
scores that are significantly different from neither their
neighbouring urban districts, nor from all the districts
in Bogota. At this level, observations suggest that
there is no significant evidence of processes of
microsegregation in terms of capabilities. Negative
autocorrelation (presence of outliers) was not found in
the results, suggesting a high level of homogeneity
within urban districts (Table 3).

On the side of UPZs, spatial clustering is also
significant. Moran’s I for local spatial autocorrelation
at this level was 0.373, p=0.001, n=98. As
expected, the Moran’s [ for capability scores shows a
spatial autocorrelation similar to a fragmented city. At
this level, an autocorrelation test points to the
existence of two local ‘hotspots’ of high capability
values in the western part (2 UPZs) and the north-
eastern part (12 UPZs) of the city (p = 0.05). The
northern hotspot constitutes traditional areas that
advantaged households tend to inhabit in Bogota.

There is just one cluster of low values (‘coldspot’),
but it is quite large in area. This cluster is composed of
18 UPZs and is located in the south-eastern part of the
city. Geographic distance between young adults with
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Fig. 2 Capability index by natural breaks (Jenks) (five classes). Note The distributions of the capability index in the different maps are
not intended to be comparable as they use different areal units and natural class breaks, which use data-specific classifications
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Fig. 3 LISA indicators by urban district, UPZ and block level. Note p < 0.05, 999 permutation. Census tracts with no significant
spatial autocorrelation are left in grey

better and worse levels of capabilities continues to be Norte, p = 0.001; and Verbenal, p = 0.05) constitute
marked in this scale. Interestingly, at this scale two poverty pockets in terms of capabilities. On the other
additional zones show some negative autocorrelation hand, an ‘isolated oasis’ of high capabilities is present
(spatial outliers). On the north-eastern part of the city, in the western side of the city. The UPZ of °El
close to the periurban zone, two UPZs (San Cristobal Porvenir’ presents significant high scores on the CI
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Table 3 Significant
clusters for the capability
index (urban district level)

Cluster of low capabilities
Low-low (LL)
Blue

Poverty pockets
Low-high (LH)
Light blue

Isolated oasis
High-low (HL)
Pink

Clusters of high capabilities
High-high (HH)
Red

Antonio Narino**
Rafael Uribe Uribe***
San Cristobal***

Santa Fe**

#kp < 0.01; **p < 0.05;
#p < 0.1

- Barrios Unidos**
Chapinero**
Engativa®*

Suba**

Usaquen™®*

(» = 0.05) compared to its neighbouring peers, sug-
gesting an unsynchronised development between
capability achievement in this UPZ and neighbouring
UPZ. Domains of the CI follow similar spatial patterns
to the aggregated capability score (Table 4).

Using a more fine-grained scale of visualisation
analysis, cases of separation and interaction between
groups can be better identified. At block level,
Moran’s I indicates a significant positive autocorrela-
tion (0.0929, p = 0.001, n = 2042)."” The univariate
LISA analysis showed that two areas of hotspots are
located in the north-western part of the city (Nuevo
Monterrey, Potosi, Pasadena, Puente Largo, Santa
Rosa and Los Andes) and in the north-eastern part
(Bella Suiza) (p = 0.05). For coldspots, visualisation
analysis showed a cluster in the south-eastern part of
the city. Unlike visualisation analysis at urban district
and UPZ level, patterns of interaction between groups
are identified at the block level. In total nine ‘poverty
pockets’ of capabilities and eight ‘isolated oases’ of
capabilities were identified. Visualisation at the block
level identified dissimilarity trends of high-low (weak
read) areas (p = 0.01) in the urban districts of Los
Martires (Santa Isabel), San Cristobal (Villa Javier and
San Isidro), Chapinero (Granada and Juan XXIII),
Barrios Unidos (la Castellana), and Engativa (Nor-
mandia). Conversely, dissimilarity trends of low—high
(blue) values were identified in the urban districts of

17 LISA indicators were calculated at the block level using two
different weights (contiguity and k-nearest) and using visuali-
sation by points and polygon units. Different weights and the
visualisation analysis were conducted to evaluate the robustness
of results.

La Candelaria (Las Aguas), Teusaquillo (La Soledad),
Chapinero (Granada, Marly, Villa del Cerro), Fonti-
bon (Modelia) and Engativa (Normandia).

At the address level, Moran’s I remains positive but
with a lower degree of autocorrelation (0.04,
p =0.001, n="7754). When LISA indicators for
capability scores and socioeconomic stratification
data are compared, the level and location of signifi-
cance dependence differentiates between both vari-
ables. Moran’s [ for strata is positive and significant
(0.276, p = 0.001, n = 7754) and higher than reported
for capability scores, suggesting that clustering is
more acute in terms of socioeconomic strata than
capabilities. Generally, clustering by strata is higher in
lower strata (1, 2, 3 and 4) and lower in higher strata (5
and 6) (Fig. 4).

The LISA analysis identified different high-risk
areas of capability deprivation among young adults if
domains of the index are taken into account (only at
UPZ level). Figure 5 shows the spatial distribution of
each domain of the CI in terms of significant
concentration of high and low values of scores. Some
interesting conclusions can be drawn from this anal-
ysis. First, values of high-low and low-high were
more regular in the patterning at lower scales,
implying spatial inequality in capability scores. At
the same time, this patterning also suggests the
existence of mixed communities in term of capabilities
across the city landscape, weakening the north—south
polarisation argument. Second, significant inequalities
are portrayed in the domains of ‘body integrity’ and
‘right of education’ in comparison to other domains, as
areas with low-high patterning cluster close to
hotspots. Interestingly, ‘right of education’ also shows
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Table 4 Significant clusters and outliers for the capability index (UPZ level)

Cluster of low capabilities

Low-low (LL)

Poverty pockets
Low-high (LH)

Isolated oasis
High-low (HL)

Clusters of high capabilities
High-high (HH)

Blue Light blue Pink Red

20 de Julio*** San Cristobal Norte®*** El Porvenir Bavaria
Ciudad Jardin*** Verbenal#** Britalia®**
Danubio Chico Lago

Diana Turbay***
El Mochuelo
Gran Yamosa

La Gloria***

Las Cruces

Los Libertadores
Lourdes
Lucero***

Marco Fidel Suarez
Marruecos

Monte Blanco***
San Blas***

San Jose
Sosiego***
Tunjuelito***

Ciudad Salitre Occidental***
Country Club**#*

El Prado***

El Refugio

La Alambra***

Los Andes

Los Cedros

San Jose de Bavaria

Santa Barbara®***

Toberin

Usaquen™®**

##xp < 0.01; #p < 0.05; *p < 0.1

a catching up process as there is evidence of high low
values in common coldspots. Third, young adults who
report better scores in terms of habitat and built
environment, leadership and participation, occupa-
tion, and health and life are located in areas where on
average there are worse capability scores (Fig. 5).
Moreover, results of the spatialised CI follow pattern-
ing that is not income-driven, implying new pathways
for young adult intervention. And fourth, non-signif-
icant clustering appears mainly in the western part of
the city, suggesting a smooth capability patterning of
the city which means that young adults in those areas
have more similar capabilities.

Regression models

A spatial regression analysis was conducted to inves-
tigate how spatial dependence affects CI scores. The
OLS regression model was tested by non-spatial
regression diagnostics such as multicollinearity con-
dition number (10.233) and the Jarque-Bera test
statistics for normality of the errors (p < 0.001). A
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diagnostic for spatial effects was calculated by using a
spatial weight file on the OLS regression. Specifica-
tion checks were performed to ensure using a correct
spatial model. First, the Lagrange Multiplier (LM)
statistics for lag (p) and error (A) terms were signif-
icant (p < 0.001), rejecting the null hypothesis of no
spatial autocorrelation and requiring for testing robust
LM statistics. The robust LM (lag) obtained a
p =0.039 and the robust LM (error) becomes no
longer significant (p < 0.84), suggesting spatial lag
alternative as the most appropriate model to retain.'®
In the regression, Moran’s I test is highly significant
(p < 0.001), suggesting that we can reject the null
hypothesis of no spatial autocorrelation (Anselin and
Rey 2014).

Following the decision rule by Anselin and Rey
(2014), a spatial lag model is estimated to control for

'8 This specification can be interpreted as the best way of
controlling for spatial dependence of capability scores since a
given young adult’s capability score is related not only to its
own starting level of quality of life, but also through the level of
capability that other neighbouring young adults have.
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Fig. 4 LISA indicators for strata and CI scores at address level. Note p < 0.05, 999 permutation. Census tracts with no significant

spatial autocorrelation are left in grey

spatial dependency. The description of the SAR model
is:

Cli=Bo+pWCI+Pya;+ 0+ P30+ Py +Psmi+ u

a marginally higher value for R-square and log
likelihood, and a smaller value report for AIC,

(2)

where p is the spatial autoregressive parameter, WCI is
the weights matrix or n X n spatial lag operator for CI,
fo~ Ps are the coefficients with the explanatory
variables, and « is the error term of individual i. The
spatial autoregressive (SAR) model was conducted
confirming the presence of spatial dependence as the
spatial autoregressive coefficient is statistically sig-
nificant (p = 0.12, p < 0.01). A SAR model points out
the relevance of the spatial component in the capabil-
ity approach. In theoretical terms, the spatial dimen-
sion suggests that capability scores at specific areal
units are related to scores in neighbouring areal units.

Another test for spatial dependence, the likelihood
radio test, is also statistically significant (LR = 251,
p < 0.01) which confirms strong evidence of spatial
autocorrelation in the residuals. As a result, the general
fit of the model improved using a SAR model. There is

suggesting a better fit. Coefficients for independent
variables in the lag model remain virtually the same as
the OLS.

The lag variable (Rho) coefficient parameter that
reflects the spatial dependence inherent in the data,
confirms a positive correlation between the scores of
the CI and neighbouring observations. Young adults
without secondary education is negative and highly
statistically significant, meaning that capability scores
are lower in areas with lower educational attainment.
In the same direction, deprived neighbourhoods are
associated with lower capability scores (Table 5).

Conversely, estimates for gender (male), ethnicity
(mestizo) and higher strata are significant and positive.
As such, being male and mestizo and living in areas
with higher strata increases the capability scores for
young adults in Bogota. It is important to mention here
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Fig. 5 Cluster and
significance maps for each
domain of the capability
index. Note All figures are
mapped at p = 0.05 on
significant maps. The
significance map shows the
locations with a significant
local statistic, with the
degree of significance
reflected in increasingly
darker shades of green.
(Color figure online)

that although the SAR model has improved the model
fit, the spatial effects are not completely controlled by
the model. However, we can still argue that for
capabilities, space matters. The lag model yielded
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improvement to the classical regression model, which
means that controlling spatial dependence (spatial
autocorrelation) can effectively improve the model
performance. In other words, when spatial weights are
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Table S Comparison OLS and spatial regression (SAR model) results

Variable Multiple linear regression (OLS) SAR model

Coefficients t value Coefficient z value
Stratum (1-6) 0.0384774* 14.0804 0.036355 13.2582%
Ethnicity 0.0100019* 3.55998 0.00980364 3.50043%*
Gender 0.0125682* 4.48196 0.0125431 4.48722%
Poverty — 0.0991185* — 34.878 — 0.0987704 — 34.8553*
Education — 0.011191* — 3.88444 — 0.0109349 — 3.8073*
Adjusted R2 0.174905 0.180020
Rho (p)* 0.126099 5.50834%*
Log likelihood 5224.22 5349.81
Akaike criterion — 10,436.4 — 10,685.6
Schwarz criterion — 10,394.7 — 10,637
Moran [ (residual spatial autocorrelation 0.0279* 5.7164

*Significance at p < 0.001

4Spatial autoregressive coefficient

considered in the model, the spatial regression
becomes more capable of predicting the CI than using
a classical OLS regression (Stieve 2012).

Segregation measurements

Results are based on the proposed domains for
measuring residential segregation by Massey and
Denton (1988). Tables 9 and 10 show indices results
for the dimensions of evenness, exposure, concentra-
tion and clustering.'® Segregation by capabilities can
expand the informational base of urban poverty as its
multidimensional nature captures the degree of spatial
inequality embedded in the urban space of Bogota.

Evenness

The dissimilarity index (D) shows that young adults
who obtained very low (D = 0.67) and very high
(D = 0.54) scores in terms of capabilities are those
who are more segregated and underrepresented in
Bogota. These two groups are less likely to be evenly
spread across the whole city, showing a tendency of
patterning between those who obtained lower and
higher capability scores. At the urban district and UPZ

!9 The domain of centralisation was not considered as Bogota
has a polycentric urban structure, where other areas in the city
rather than the traditional CBD (city’s historical centre), are able
to influence land prices and population of cities.

level, the patterning of underrepresentation of these
groups is also present but in a lower degree than in the
block scale. Nevertheless, for low (D = 0.50), medium
(D = 0.43) and high (D = 0.43) score groups segre-
gation is medium and for the groups in the extremes
segregation is high,”° revealing a medium—high level
of residential segregation of capabilities in young
adults in Bogota (multigroup D = 0.48). By compar-
ing levels of segregation in terms of strata and
capabilities, the former shows a much higher intensity
in each group, suggesting that in Bogota, young adults
are more segregated by strata than by capabilities.
Figure 6 shows the local index of location quotient
(LQ) which illustrates the degree of underrepresenta-
tion (LQ < 1) and overrepresentation (LQ > 1) of
capability groups at a UPZ level.

Figure 6 shows a clear underrepresentation of low
scores of capabilities in the north-eastern part of the
city, places where young adults with better rankings
tend to be located. Geographic distance is also
presented among young adults with low and high
values, but to less extent in young adults with middle
values of capabilities.

20 In residential segregation literature a common rule of thumb
to assess the level of intensity on segregation is that the
dissimilarity is high for scores above 60%, medium for scores
between 30 and 60% and low for scores under 30% (Iceland
et al. 2014).
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Fig. 6 Spatial distribution
of capability scores using
location quotient (LQ). Note
LQ < 1, indicates
underrepresentation;

LQ > 1, indicates
overrepresentation

Figure 7 shows degrees of diversity across Bogota
using local H. A visual inspection indicates that
diversity tends to be more prominent that homogene-
ity, however it calls to attention the existence of
‘mono-capabilist’ spaces in the north-eastern, central
and north-western parts of the city. By contrast, a
corridor of ‘multi-capabilist’ spaces is located in the
central part of the city, starting on the south-western
side of the San Cristobal urban district and extending
to the north in the urban districts of Chapinero and
Barrios Unidos. Looking at H and D in its one-group
version, levels of diversity and exposure are much
higher than the equal distribution among groups
(dissimilarity).
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Exposure

For this domain, indices of isolation (.P,) and
interaction (,P,) were calculated. P, shows that the
group of young adults with ‘very high’ capability
scores has the least probability of meeting other
groups of young adults. They have the highest
probability (47%) of meeting members of their own
group rather than other groups. It has also been
observed that the isolation index gradually declines as
capability scores are reduced between groups. As P,
and P, are asymmetric indices the chances of meeting
varies among groups. Table 6 shows the different
possible chances of meeting for each group. The
chances of interaction for young adults with ‘very low’
capabilities are notoriously low in comparison with
chances of meeting other groups. Exchanges of
interaction tend to be more equitable from ‘low’ to
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Fig. 7 Diversity by
capability scores and
socioeconomic strata. Note
The entropy index varies
from O (totally
homogeneous) to 1.0 (totally
heterogeneous)
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‘very high’ groups, and much less equitable for young
adults with ‘very low’ capability scores.”’

Concentration

Results from the delta index (DEL) and the absolute
concentration index (ACO) show that the degree of
concentration among groups is moderate at the UPZ
level. In relative terms, young adults with a very low
level of capability scores are those who are more
concentrated in Bogota (DEL = 0.44, ACO = 0.57),
meaning that 44% of young adults with very low
scores would have to move to achieve uniform density.
Similar results are shown at district level, showing
dispersion among capability score results. For the case
of block level, the relative concentration index (RCO)

21 Table 10 shows the correlation index (Etaz) which controls
for population composition so that the asymmetrical relation is
removed. Eta® shows that interaction tends to be moderate-low
between all groups.

was calculated to assess the concentration of a given
group based on how other groups are distributed
(majority). RCO shows that there are no cases of equal
concentration of groups as values are not close to 0.

Clustering

Unlike other segregation measurements reviewed
here, the spatial proximity (SP) index takes into
account the spatial structure of how capabilities are
distributed in the urban space (White 1986).%> At UPZ
level, young adults that share ‘high’ and ‘very high’
scores of capabilities (SP = 0.9945) tend to be closer
to each other whereas groups with lower capability
scores tend to live nearby (Table 7). In other words,

22 The index is greater than 1 when members live nearer to
members of their own group and it is less than 1 when members
of one group are located closer to members of the other group. In
the case of values of 1, there is no evidence of differential
clustering between groups (White 1983).
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Table 7 Pairwise spatial

Very low Low Medium High Very high
proximity index (SP) for the
capability index Very low 1.0004 1.0075 1.0297 1.0615
Low 1.0004 1.0045 1.0249 1.0465
Medium 1.0075 1.0045 1.0096 1.0178
High 1.0297 1.0249 1.0096 0.9945
Very high 1.0615 1.0465 1.0178 0.9945

there is evidence that young adults with lower
capabilities tend to cluster separately in Bogota, while
young adults with higher capabilities are likely to live
or be closer to other young adults with high capability
scores. In the same vein, evidence of clustering occurs
across a significant portion of the capability spectrum
(‘very low’, ‘low’ and ‘medium’ scores) however this
happens in a context of low spatial concentration.

Finally, segregation indices were calculated to each
component of the CI. Results showed that young
adults are more segregated by factors associated with
domains of ‘protection and body integrity’, ‘habitat
and built environment’, ‘freedom and independence’
and ‘occupation’. This finding suggests that these
areas are the domains that segregate the most in
Bogota. To a lesser extent, young adults segregate
themselves for conditions related to the ‘right of
education’, ‘equality and non-discrimination’ in the
city and the capacity for ‘leadership and participation’
(Table 8).

Discussion

Urban poverty and inequality demonstrate a spatial
representation. The way place is configured, ordered
and administered has implications for how people
achieve better quality of life standards. For the case of
young adults in Bogota, quality of life is sensitive to
the effects of place, showing that levels of achieve-
ment are not equally distributed for all of them. The
distribution of capabilities presented here helps to
understand a more active role of places in explaining
quality of life variations. Place has relational effects
on human advantage and needs be considered as
equally important as compositional effects when
assessing people’s lives (Cummins et al. 2007).

The autocorrelation test, regression model and
measurements of segregation show that in Bogota,
the geographical distance that exists between advan-
taged and non-advantaged groups leads to differences
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in the levels they score in the CI, meaning that the
achievement of capabilities in young adults is sensi-
tive to theirs and their neighbours’ location. As a
summary of findings, three main issues can be pointed
out. First, young adults with similar capability levels
tend to live closer to one another, suggesting a
clustering of capabilities in Bogota. Second, capability
scores are intrinsically mediated by the place where
those young adults are located. And third, geographic
inequalities show that residential segregation, in all its
possible domains, is more prominent for young adults
with lower capability scores. More importantly, seg-
regation is associated with lower levels of quality of
life for disadvantaged young adults, while at the same
time it seems to positively affects quality of life levels
of the most advantaged young adults. This finding
indicates that residential segregation tends to widen
the levels of inequality based on capabilities among
young adults.

From the perspective of patterning in capability
segregation, results showed a process of microsegre-
gation in terms of capabilities. Results of testing
global and local autocorrelation for the CI showed that
hotspots, ‘high—high’ areas, were mostly located in the
northern part of the city, indicating a significant
capability advantage compared to other zones in
Bogota. In particular, the UPZ of Santa Barbara is
statistically significant as a cluster of high capability
scores. In contrast, coldspot areas were mostly located
in the south-eastern part of the city, particularly the
UPZ of Sociego, whose ‘low—low’ correlation type is
most significant, implying that capability achievement
tends to be relatively lower than in the rest of Bogota.
Young adults with a low capability level are more
likely to live in the urban districts of San Cristobal and
Rafael Uribe. There are significant areas appropriate
for capability-driven interventions. For instance, at
UPZ level, nine high risk coldspots were identified
with low capability scores in young adults (p = 0.01)
and two significant low-high areas (p = 0.01). A
capability place-based approach suggests policy
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Table 8 Multi-group indices D, G and H for components of the CI

Index Strata (1 2) 3) “4) ®) (6) @) 8) ) (10)
D 0.66 0.52 0.48 0.48 0.47 0.45 0.44 0.45 0.46 0.45 0.45
G 0.81 0.71 0.67 0.67 0.66 0.64 0.63 0.64 0.65 0.64 0.63
H 0.50 0.39 0.34 0.34 0.34 0.32 0.33 0.33 0.33 0.32 0.32

(1) Protection and body integrity, (2) habitat and built environment, (3) freedom and independence, (4) occupation, (5) food security,
(6) equality and non-discrimination, (7) right of education, (8) leadership and participation, (9) love, support and affection, (10)

health and life

intervention should focus in those areas. This result
demonstrates that spatial inequality in terms of
capabilities still follows a macrosegregation process,
where better off households occupy septentrional
locations in the city and worse off populations
consolidate their social and cultural activities in
southern parts of the city (Alfonso 2012).

By considering this spatial autocorrelation in a
spatial regression model, the analysis identified that
there is a significant relationship between the level of
capability scores and the degree of deprivation among
young adults. Results confirm the importance of
considering the spatial structure of the data in the
analysis, as the model improves its estimation if
neighbouring relations are not ignored. Spatial rela-
tionships in the case of capability scores work as a
confounding variable and not considering this will
lead to erroneous conclusions about the relationship
between deprivation and scores of capabilities.

For all segregation indices calculated, scores
increased as a much finer-grained scale was used,
validating the existence of MAUP. Score differences
of D for all groups at district and UPZ level are
marginal or moderate in the intensity of segregation,
suggesting that capability segregation is not so differ-
ent between bigger areal units. Nevertheless, at block
level segregation scores increase substantially. This
finding suggests that segregation in capabilities fol-
lows a pattern of macrosegregation rather than
microsegregation: high and low scores in capabilities
tend to live apart from one another as segregation
intensifies at within lower scale units. D, H, G and
A provided evidence that segregation operates in terms
of capabilities, and that young adults with very low
and very high scores tend to be underrepresented in
spatial units. A multi-group D indicates that 48% of
young adults would have to change location to allow a
more equal capability patterning in Bogota.

The most segregated capability group is the one that
includes young adults with lower scores. This group
finds itself in a situation of ‘hyper-segregation’ (Massey
and Denton 1989) as it scores the highest level of
segregation in terms of evenness, exposure, concentra-
tion and clustering. Interestingly, the second most
segregated group is the one that has the most advantaged
young adults in terms of capacities. Sixty-seven per cent
of young adults with very low capability scores would
need to change their place of residence for there to be an
equal distribution of the young adults’ population in
Bogota in term of capabilities. The high level of
segregation between these two groups reveals that
segregation is a political problem for the poor but not
for the rich. Having a high level of segregation for young
adults with high capabilities also reveals that the reality
of segregation is wrongly documented and is often
influenced by the social and political perception of
inequalities that considers segregation as a “default”
state of the disadvantaged population.

Young adults with average capabilities (medium
scores) tend to be the least segregated group as they are
more evenly distributed in the city. A greater number of
less segregated young adults in terms of capabilities
indicates a possible hypothesis that the city is experienc-
ing a trend of upward mobility in terms of capabilities,
however without panel data available it is not possible to
describe the trend of this pattern. Although the ongoing
patterning of segregation in capabilities suggests that a
large proportion of young adults, with average capability
indicators, tend to be distributed evenly in the urban space
of Bogota, the fact that many young adults are not
segregated hides a situation of severe inequality at the
extremes of capability distribution, as young adults with
very low and very high capabilities are those who are
most isolated and segregated in the city.

As expected, interaction between capability groups
is less likely to happen between dissimilar groups.
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This pattern is in tandem with strata segregation as
groups tend to interact with closer groups. As Sabatini
et al. (2012) note in the case of Chilean cities,
disadvantaged populations have a higher disposition
to social integration than other groups, although it is
restricted in practice due to the lack of housing supply
in heterogeneous areas. In more detailed analysis,
dissimilarity values tend to be higher on those young
adults with lower capability scores with the particu-
larity that isolation tends to improve in relation to other
groups. This tendency is reversed when capabilities are
distributed by strata. In this latter case, young adults
with lower scores tend to be distributed more evenly in
the space but, at the same time, they are more isolated
than other peers. This situation helps us to argue that
the greater the level of capabilities, the higher the level
of isolation among young adults in Bogota.

An important finding indicates that the association
between segregation and quality of life generates
different outcomes if scores of capabilities are
considered. For instance, for worse off young adults,
having a better quality of life is associated with lower
levels of segregation, lower levels of isolation and
higher levels of exposure and interaction with other
groups. However, this rationale is reversed if better off
young adults are taken into consideration. For them,
quality of life is associated with contexts where levels
of segregation and isolation are higher and when the
degree of interaction and exposure is lower. Or, to put
the point differently, segregation, whether dissimilar-
ity or isolation is taken into account, might be
negatively affecting quality of life among disadvan-
taged young adults and, at the same time, benefitting
the most advantaged young adults. This rather con-
tradictory result suggests that residential segregation
might generate different effects on quality of life for
young adults which complicates how policymakers
approach the problem of residential segregation in
Bogota. Further research is needed in this area to better
understand better the causal relationship mediating
between quality of life and segregation.

In term of the stratification policy in Bogota, differ-
ences of evenness and exposure are identified when
comparing strata and capability segregation. Strata
segregation shows higher levels of segregation in each
domain compared with results of capability scores. As
Aliaga and Alvarez (2010) identified previously by
comparing strata with variables such as poverty and
education, this study finds that strata segregation does not
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correspond to the patterning produced by capability
segregation. This finding indicates that stratification
policies should modify their targeting goals to efficiently
tackle ongoing deficits of capability achievement among
young adults in segregated areas of Bogota.

Quality of life based on capabilities can be more
informative that other measurements of well-being. In
our case, spatialising capabilities among young adults
shows that domains have different trends across
groups. LISA indicators showed that domains such
as body integrity and right of education can be seen as
sources of spatial inequality among young adults. This
is also confirmed with measurements of segregation,
as ‘right of education’ and ‘non-discrimination’,
present almost perfect levels of segregation, suggest-
ing they are the domains that segregate more young
adults in Bogota. In addition to this, those young adults
that tend to have a very low ability to receive quality
education tend to be more segregated than other peers.
In the same vein, young adults with very low scores in
the domain of inclusion (feeling incorporated into
society) are highly segregated in Bogota.

Results suggest that there is not one but multiple
processes of segregation when spatial differentiation is
based on capabilities, challenging the elaboration of
public policy and the design of mechanisms that
attempt to reduce socio-spatial inequalities in urban
settings. These results suggest the potential for the
wider application of spatial analysis in revealing
patterns of residential segregation in well-being and
agency data. Clustering of capabilities is informative
to policymakers to develop contextually sensitive
policy interventions that can alleviate spatial inequal-
ities in Bogota.
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Appendix
See Tables 9 and 10.
Table 9 Results of selected indices of segregation for evenness
Index Dissimilarity index Dissimilarity index D adjusted tract Entropy index (H) Entropy index (multi-
(D) (D) (multi-group) contiguity (adj) group)
u  Up B Ul Up B Ul Up B U Up B Ul Up B
Very low  0.160 0.248 0.680 0.134 0.205 n/a 0.021 0.053 0.387
Low 0.112 0.164 0.504 0.077 0.104 n/a 0.011 0.029 0.287
Medium  0.082 0.125 0.432 0.105 0.172 0.487 0.029 0.049 n/a 0.007 0.018 0.230 0.016 0.045 0.351
High 0.072 0.137 0.432 0.031 0.059 n/a 0.007 0.022 0.231
Very high 0.165 0.273 0.541 0.118 0.164 n/a 0.027 0.074 0.314
Index Gini index (G) Gini index (multi- Atkinson (0.1) Atkinson (0.5) Atkinson
group) 0.9
Ul Up B Ul Up B Ul Up B Ul Up B Ul Up B
Very low 0.217 0.344 0.829 0.008 0.052 0.644 0.040 0.117 0.739 0.073 0.172 0.935
Low 0.151 0.230 0.693 0.004 0.019 0416 0.018 0.051 0.551 0.033 0.079 0.893
Medium  0.101 0.178 0.623 0.1450 0.241 0.673 0.002 0.006 0.314 0.009 0.026 0.474 0.017 0.046 0.901
High 0.107 0.194 0.621 0.002 0.010 0.321 0.011 0.035 0475 0.018 0.058 0.900
Very high 0.234 0.373 0.729 0.010 0.034 0.427 0.047 0.120 0.580 0.080 0.212 0911
Ul urban district, Up UPZ, B block
Table 10 Results of Index Exposure
selected indices of
segregation for exposure, Isolation index (xPx) Correlation ratio (Emz) Relative diversity (R)
clustering and concentration
Ul Up B Ul Up B Ul Up B
Very low 0.074 0.094 0.316 0.011 0.026 0.274
Low 0.179  0.202 0413 0.011 0.025 0.287
Medium 0319 0342 0483  0.008 0.022 0.282 0.011  0.032 0.293
High 0.320 0.275 0472  0.009 0.024 0.277
Very high  0.157 0.224 0478  0.022 0.071 0.334
Index Clustering Concentration
Spatial proximity index  Delta index (DEL) Index of relative concentration
(SP) (RCO)
Ul Up B Ul Up B Ul Up B
Very low - - 0.301 0.446 0.991 - - -
Low 0.999 1.000  n/a 0371 0426 0981 —0.170 0.007 0.114
Medium  0.999 1.008 n/a 0366 0395 0971 —0.272 — 0.006 0.389
L High 0.998 1.030  n/a 0361 0.406 0.973 — 0.181 —0.013 0.443
Ul urban district, Up UPZ, .
B block Very high 0.995 1.062 n/a 0355 0441 0979 - 0.107 — 0.007 0.385
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