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Abstract: Latin American cities are known for their high levels of marginality, segregation and
inequality. As such, these issues have been the subject of substantial discussions in academia, with
the predominant approach being the study of residential segregation, or what we call “nighttime
segregation”. Another dimension of urban sociability, related to labor, is what we call “daytime
segregation”, which has been far less studied. This article makes an original methodological contri-
bution to the measurement of non-residential or daytime segregation based on data from mobility
surveys. It seeks to explain this segregation measurement according to the diversity and distribution
of land uses, as well as other characteristics of the built stock, such as land price and built-up density.
We measured daytime social mix in urban spaces, and we show how it highly relates to land use
diversity in a Latin American megacity, such as Santiago, Chile. We found that land use diversity
plays a key role in enhancing the daytime social diversity of urban spaces, contributing to generate
a more heterogeneous city and social gatherings during working days. This research is not only a
contribution to the understanding of sociability patterns in cities but is also a contribution to public
policy and the work of urban planners, as it informs the development of more diverse and integrated
cities, which is a key tool for strengthening democracy, the exchange of ideas, the economy and
social welfare.

Keywords: daily mobility; daytime segregation; nighttime segregation; land use diversity; social diversity

1. Introduction

Segregation, marginality and urban inequality are topics that have dominated theoret-
ical discussions on urban issues in Latin America [1], especially after the first few years of
the turn of the century. It was at this point when the spatial dimension of urban poverty
began to be highlighted, focusing on spatial concentration, the reproduction of inequalities
and the isolation effects on the most vulnerable social groups [2—4].

Residential segregation (RS) is the degree to which two or more social groups live
separately from each other in an urban space [5]. Sabatini and company [3], defined it in
opposite terms, as the degree of spatial proximity or territorial clustering of households
belonging to the same social group, regardless of whether this is defined in terms of
ethnicity, age, religious preferences or socioeconomic status. In the Anglo-Saxon world,
the study of segregation has been mainly related to racial differences [6] and, in the case
of Latin America, to income differences among inhabitants [7]. The debate has not only
focused on the definition of the concept but also on the methodologies used to measure
and represent it [8,9].
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Practically all studies have focused on studying the social diversity/homogeneity of
neighborhoods, considering residential spaces as one dimension of people’s sociability. In
this paper, we defined this concept as “nighttime segregation”, when people are at home.
Kaztman [10], warned that social segmentation in the case of Latin American cities does
not only happen at a residential level but also that there are other dimensions of urban
sociability in the labor market and essential services, i.e., dynamics and social gatherings
that take place mainly during the day.

Reflecting on sociability in a more complex and comprehensive manner in large
Latin American cities contributes to understanding the challenges of social cohesion in a
democracy. Both notions of daytime and nighttime segregation refer to different conditions
in which social groups interact with each other and relate to the social conditions that make
democracy effective [11]. Therefore, this research is a contribution to both the theoretical
understanding of sociability patterns in contemporary cities and public policy work, as
it informs the development of more diverse and integrated cities as a tool to strengthen
democracy, the exchange of ideas, the economy and social welfare [12-14].

Thus, this article aims to address the social diversity /homogeneity of a city from a
new perspective by trying to characterize the phenomenon of urban segregation during the
day, i.e., in workspaces and other daily activities that involve traveling outside residential
spaces, understanding these spaces as a sociability sphere in the city different from the
residential sphere. We analyzed how daytime segregation is geographically dimensioned
by the social mix in urban spaces where people move around daily, using Santiago, Chile,
as a case study. Furthermore, this study focuses on studying the roles that diversity of
activities, land uses, built-up density and land prices play in enhancing socioeconomic
diversity during the day, and how they contribute to generate a more heterogeneous city
with spaces for social gatherings.

Few studies address this innovative dimension of segregation. Dannerman and others [15],
proposed a methodological framework for investigating segregation during the workday.
They used an approach that combines three mathematical tools, namely, community detec-
tion algorithms, segregation metrics and random walk analysis, with which they performed
an analysis of Santiago, Chile, using mobile phone data, geographically dividing the city
into macrozones. Its focus was to contribute to method development rather than to produce
strong results. As such, the work presented in the present paper further complements
and adds complexity to the findings made by these authors. In addition to studying the
patterns of daytime segregation, this study analyzed them on a smaller scale than the one
proposed by the authors, which allows for a greater differentiation of the phenomenon
between neighborhoods. Our methodology also allows for the control of scale problems
when measuring segregation, since the larger the unit area and the larger the population
considered, the greater the homogeneity [2].

This paper is divided into four sections, excluding this one, which is for introduc-
tory purposes. The following section discusses the main studies on segregation and the
dimensions analyzed, followed by an explanation of the methodology used. The subse-
quent section analyzes the results of the daytime segregation analysis, and the final section
presents the main findings.

2. Residential Segregation, Daytime Segregation and Land Use Diversity
2.1. Nightime and Daytime Segregation in Latin American Cities

Latin American cities have a long history of being characterized by high levels of
Residential segregation (RS) [3] and urban inequality [16]. There is consensus that urban
residential segregation reduces the quality of life and opportunities for social mobility
for the low-income population, because it weakens networks and their social capital
and negatively affects the expansion of their cultural capital, restricting their possibility
of accessing better jobs due to transportation costs. This gives rise to various forms of
discrimination attributed to residential placement [3,17-21].
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RS has been studied in its different dimensions and manifestations: (a) physical prox-
imity between the residential spaces of different social groups [22]; (b) social homogeneity
of the different territorial subdivisions into which a city is structured [23]; and (c) con-
centration of social groups in specific residential areas [3]. In this article, we understand
residential segregation as “the geographic agglomeration of families of the same social
status or category, however the latter is defined, socially, racially or otherwise” [23].

In the case of Latin American cities, there has been a wide discussion about the
methods and techniques that have been used to measure segregation [8,9,24], where the
debate has focused on the stratification method, the measurement of segregation and the
problem of scale and its connection with social problems, among others [23], proposed
three dimensions in the case of a Latin American city, two objective or measurable ones,
that is, (a) the tendency of a group to concentrate in certain areas and (b) the formation of
socially homogeneous areas, and a subjective one, that is, (c) people’s perception of the
inhabitants of segregated neighborhoods [22].

Santiago is a city that has been widely studied in terms of urban segregation and
growth [3,7,25-30]; urban processes, such as gentrification [31], spatial boundaries and
community identities [32,33]; and residential trajectories of the inhabitants of a specific
place in the city, focusing on central [34] or peri-urban spaces [35].

The different approaches agree that the social structure of the city of Santiago is marked
by the presence of a “high-income cone”, which spatially concentrates social groups of
higher socioeconomic status located at the northeastern geographic area of the city in the
form of a cone [36], starting from the center and extending eastward. Moreover, studies
on the recent evolution of spatial segregation show that the scale of segregation has been
reduced, while the isolation of low-income groups, subjects of state social housing policies
in Chile, has increased [3,7,28,29].

Other researchers have focused on the evolution of social structures in urban spaces,
especially in the case of Santiago, as one of the cities most exposed to productive restruc-
turing processes in Chile [3,7,25,26,28,29,37,38]. This research studied the spatial structure
resulting from the restructuring processes of our economy, reaffirming the hypothesis of
the moyennisation of the city, in accordance with international literature. However, this
research was general and not focused on any specific class or other dimensions and their
particularities. In the case of Santiago and others [26,39,40], studied residential mobil-
ity patterns but focused on centripetal residential movements [41] or on issues linked to
gentrification processes [42], leaving out other urban growth trends [43].

These different approaches to the study of population distribution in space—or
segregation—show an important bias, which is to consider the place of residence as the
essential location of the population in the territory. This is a static vision of a city, which
does not recognize the true urban condition [44]. As the scholar Mongin states, a city
oscillates between an object city and a subject city. The same author states that the initial
meaning of the urban condition is the possibility of diverse relations (corporal, scenic and
political), as a place that shapes infinite practices and has a public connotation. For this
reason, a static vision of segregation only from the point of view of the place of residence is
not capable of embracing the complexity of a city from its most polymorphic condition.

Therefore, patterns of daily mobility in a city are important and should be considered
as an important part of sociability, since they define what people could do and what they
have done with their resources and opportunities at a given time and in a given context [45].
Considering the work of Shareck [46], we consider daily mobility patterns as structured
by key locations, such as place of residence or location of work or school [47]. Mobility
patterns have spatial and temporal dimensions and include factors such as the possibility
of mobility, the spatial dispersion and form of travel, the degree of restriction, the flexibility
and spontaneity of travel, the types of activities performed and the characteristics of the
places where activities are carried out [46].

There is also a branch of studies that provide qualitative approaches to the measure-
ment of problems related to daily mobility and socioeconomic origin in Latin America,
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focusing, for instance, on the experience, duration and modes of travel in Santiago [48,49].
For the city of Montevideo, Aguiar [50], used mixed methods to broadly characterize daily
mobility, concluding that higher socioeconomic groups have, in general, greater mobility
than lower groups, which, when added to gender and age factors, revealed that, in this
Latin American city, the inequalities of origin limit the possibilities of daily mobility. Fur-
thermore, Ureta [51], focused mainly on a group of residents of a low-income sector of
Santiago to characterize their daily mobility, complementing this qualitative information
with the city’s Mobility Survey database.

Furthermore, Dannerman and others [15], measured segregation during working
hours using the Call Detail Record (CDR) database, where each mobile phone pings or
the data connection is linked to cellphone towers. The spatial unit of measurement was
Voronoi tessellations around each tower. In this study, the home location was assumed to
be the most frequented tower at night and the work location as the tower with more pings
during working hours. The main limitation of this study was the size of the geographic
unit in which segregation was measured. This research applied a community detection
algorithm, which divided the city of Santiago into six macrozones, larger than the municipal
subdivision (the scale at which residential segregation in the city has been commonly
studied). Measuring segregation in large geographic areas is more likely to show a higher
level of overall integration than measuring it in smaller geographic units [2]. Another
approach in the same line is that conducted by Li and others [52]. This work develops a
methodology to measure urban segregation based on the socio-spatial daily experience of
individuals in Hong Kong. Compared to traditional segregation measures, the proposed
estimator is not limited to measuring residential segregation but recognizes and evaluates
segregation as a dynamic process that unfolds in the daily life routines of individuals in
a society and depends on the different ways in which individuals or social groups use
urban space.

Therefore, some studies have associated the concept of daily mobility and activity
space with the experience of social segregation, isolation or exclusion of individuals in
urban space. Activity space, which encompasses the space that individuals visit and use
when engaging in everyday activities [47], Golledge and Stimson captures the physical
environment in which exposure and potential social interactions can take place [52]. Taking
the above into consideration, we consider daytime segregation as “the level of geographic
agglomeration of people of different social status at their place of visitation or work”.

Finally, given the breadth of the discussion and the approaches to residential and
nighttime segregation, it is important to go beyond the literature, which has focused on
the quantitative and qualitative aspects of the segregation of residential spaces but has
not expanded on measuring segregation associated with other forms of daily sociability
in workplaces, study and commercial activities. Although there have been approaches
that seek to study the issues of daily mobility and socioeconomic stratification, these have
mostly used qualitative methodologies, and although the quantitative approach proposed
by Dannermann, presented an innovative community detection algorithm, methodological
limitations arose in terms of the scale of the measurement of daytime segregation. By
delving into the study of “daytime” segregation and its linkage with the characteristics of
urban morphology, such as the diversity of land uses, built density and property values,
this study aimed to better understand the position and relationships that different social
groups have within a city. In addition, the first approach is proposed to understand which
urban factors are decisive in promoting greater social diversity within the city during its
day-to-day functioning.

2.2. The Role of Land Use Diversity

During the middle of the 20th century, urban planning based on ideas of modern
movement dominated the main capitals of the world. Such an urban paradigm was based
on the predominance of the automobile as a means of transportation and on land use
planning, differentiating activities between home, leisure, commerce, and work [53,54].
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The separation by land use was thought of to organize the urban fabric, thus providing
a solution to the chaotic combination of uses, architectural styles and high-density street
life of pre-modern cities [53,55]. However, the urbanist and social activist Jane Jacobs
strongly criticized the modern urbanism paradigm in her book The Death and Life of the
Great American Cities, arguing that problems associated with territorial dispersion, the
dominance of the automobile, the destruction of pedestrian neighborhood life and the
insecurity derived from the zoning of segregated uses would become a serious problem
for daily life in a city. The avid discussion generated around these different views on
urban planning developed into very different ways of thinking and experiencing a city and
influenced future generations of planners.

Based on her own experience, contrary to the modern planning approach, Jacobs
described how “cities work in real life, because this is the only way to learn what principles
of planning and what practices in rebuilding can promote social and economic vitality in
cities, and what practices and principles will deaden these attributes” [55] (4 p) The concept
of urban vitality emerged to describe the bustling social and economic exchange that Jacobs
observed on the streets of lower Manhattan in New York City during the 1960s. According
to Jacobs, daily life in the streets is at the very core of what urbanity is and, to guarantee it, a
certain set of requirements should be promoted. She proposed a set of four basic generators
of diversity as conditions that would result in vibrant districts and neighborhoods [54] The
first of the conditions proposed by Jacobs for an urban area to be vital is the diversity of
land uses, or what she called mixed primary uses, which, according to Jacobs “must serve
more than one primary function; preferably more than two” [55] (152 p). She proposed that
a simultaneous combination of residences, offices and commerce, among other functions, is
fundamental for urban vitality. The other conditions posited by Jacobs are an urban grid
of small blocks—as opposed to the modern mega-block—which facilitates spontaneous
meetings and crossings; a need for aged buildings interspersed with new construction in
the urban grid; and a concentration of people, residences and buildings dense enough for
spontaneous contact to occur [54-56].

Recent studies have approached Jacobs” ideas and her definition of urban vitality
using empirical methods with a special focus on land use diversity as one of the key factors.
The research by Delclos-Alié and Miralles-Guasch, focused on empirically obtaining the
variables proposed by Jacobs for urban vitality and posing a synthetic urban vitality
index for the city of Barcelona. Furthermore, the research done by Xia, and others, on
five megacities in China studied the relationship between urban vitality—measured by
small business transaction data and nighttime lighting—and contemporary compact city
characteristics, such as mixed land use and high density, finding a significant positive
spatial autocorrelation between urban land use intensity and urban vitality [32]. Moreover,
the study by Li, and others, for the city of Shangzhen in China focused on measuring the
relationship between morphology and urban vitality [52]. They found that a dense street
grid, small to medium-sized blocks and the diversity and intensity of construction and land
use are beneficial to urban vitality. These morphological metrics encourage and extend
urban vitality and serve to promote urban sustainability and fight inefficient and disorderly
urban sprawl [52].

Another specific precedent for the measurement of a land use diversity indicator was
presented by Frank and others, who proposed the use of the entropy indicator to measure
land use diversity, with the purpose of introducing it as one of the variables for an urban
walkability index [57]. The authors considered five types of land use to measure diversity:
residential, commercial, leisure (including restaurants), offices and institutions (including
schools and community organizations). Subsequently, the previously mentioned study [54],
adapted this indicator and used it as a variable to estimate the urban vitality index following
Jane Jacobs” approaches, adding a category for other land uses and calculating the land
use diversity based on the Shannon Index, used mainly in ecology to measure species
diversity. Finally, other authors studied urban vitality in Santiago and concluded that this
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type of measurement broke the traditional scheme of analysis of the capital city of Chile
and showed other patterns of urban space organization [32].

This study measured land use diversity, built-up density and land values to explain
the phenomenon of segregation and social integration during daytime, assuming that a
greater diversity of socioeconomic groups during the day is an indicator related to urban
vitality, understanding it from the perspective of diversity and social exchange as proposed
by Jacobs.

3. Materials and Methods

The present study employed a quantitative method focused on data analysis of vari-
ous sources to study daytime segregation patterns—measured using socioeconomic and
mobility data from the latest Origin-Destination Survey (EOD, as per its Spanish acronym)
in Santiago—and their possible association with urban characteristics. These characteristics
include the diversity and proportion of land uses—measured using the database of the
Internal Revenue Service (SII, as per its Spanish acronym)—while also incorporating other
control variables, such as building density and land values, obtained from the SII database
and the Real Estate Registrar (CBR, as per its Spanish acronym) database, respectively. We
measured associations from linear regression models and spatial clustering models to ana-
lyze agglomeration patterns, inherent to this type of phenomena [58,59]. The geographic
unit of analysis corresponds to the EOD survey zoning (EOD zone), to which information
from the 2017 Census is cross-tabulated, as well as other territorial variables to enrich the
available explanatory variables.

We chose this methodological approach with the aim to replicate the classic residential
(nighttime) segregation measurements, in this case with the entropy indicator, using the
latest available daily mobility data. At the same time, we decided to measure the association
with land use diversity and other built environment characteristics, given the important
relationship of such indicators in the urban vitality literature (see Section 2.2).

3.1. Definitions

Based on the literature review and available datasets, we define the key concepts for
our methodology as follows:

e  Mobility: transportation across the city from an origin point to a destination point,
with a purpose and a commuting mode.
Daily mobility: commuting across the city daily.
Nighttime segregation: a measurement of different social groups’ geographical sepa-
ration or lack of mixture in a determined geographical unit. This is measured using
residential socio-economic characteristics and is also known as residential segregation.

e Daytime segregation: a measurement of different social groups’ geographical separa-
tion or lack of mixture in a determined geographical unit, measured during daytime
hours, with socioeconomic data linked to mobility information.

e  Social diversity: the exact opposite to social segregation, meaning a measure of the
degree of social mixture between different groups in a determined geographical unit.
The entropy indicator is the measurement used in this paper.

e Land use diversity: a measurement of the mixture of land uses present in a determined
geographical unit.

3.2. Measuring Daytime Segregation

Using the EOD mobility survey database for the city of Santiago, we estimated the
socioeconomic daytime segregation during working hours for those areas declared as travel
destinations. The socioeconomic classification of respondents was based on their survey
answers concerning household income and housing expenditure.

First, the household base of the EOD mobility survey was classified into three socioeco-
nomic groups (High, Middle and Low groups). For this, we worked with the EOD database
at the household level and divided it into terciles according to total household income.
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Subsequently, the following adjustment was applied to control for housing affordability
and actual disposable income: all households in the High group that spent more than
30% of their income on housing were moved to the Middle group, while all households
in the Middle group that spent more than 50% on housing were moved to the Low group.
Subsequently, this information was transferred to the respondent database and to the EOD
survey trip database. Finally, the trips were grouped by destination zone using the normal
working day expansion factor, considering a minimum of 5 trips per destination zone and
excluding those zones with fewer trips. Using the expansion factor, the number of people
considered totaled 91,313.

For the calculation of daytime segregation, entropy was estimated using Geo Segrega-
tion Analyzer software. This indicator accounts for the possibility of encountering someone
from another group for each destination EOD zone that received more than 10 people
in a normal working day. In order to evaluate daytime segregation, the original value is
inverted and scaled, remaining between 0 and 1. Thus, 1 was perfect segregation (presence
of only one group), and 0 was perfect integration (perfect balance between all groups).

3.3. Measuring Land Use Diversity

From the SII cadastral base, urban land uses were divided into seven types: (1) commerce,
(2) facilities (including recreation, accommodation, worship and parking lot facilities),
(3) education and culture (these are considered of single use in the SII base), (4) residential,
(5) industrial (including warehouses), (6) offices (including public administration) and
(7) health. Using the ArcMap’s Spatial Join tool, the information concerning surface area by
land use contained in the SII blocks belonging to the consolidated urban area of Santiago
was transferred to the EOD zones to standardize the geographic unit of analysis. Adapting
the methodology of Delclos-Ali6é and Miralles-Guasch, the land use diversity indicator
was calculated as the sum of the proportion of each land use multiplied by the natural
logarithm of that proportion by use. The value obtained was then scaled between 0 and 1,
so that 1 was perfect land use diversity and 0 was land use diversity, or only one type of
land use.

Given that the EOD zones are not homogeneous in terms of surface area, they tend to
be larger in size in the urban periphery, and at the same time, the indicators of segregation
(entropy) and land use diversity (Shannon index) measure the possibility of finding another
group within a given area. In EOD zones with a larger surface area, the diversity or
integration in both indicators tends to increase since they consider a greater surface area.
This is a limitation in this study due to the geographic scale of the available mobility
data (EOD).

3.4. Statistical Analysis

Our analysis aimed to establish a statistical explanation for the apparent relationship
between daytime segregation and land use, which, together with other variables related to
urban morphology, such as built-up density and land value, could explain why citizens of
different socioeconomic groups travel to certain areas, influencing daytime segregation.

This study used the daytime segregation calculation as the dependent variable, and
we evaluated the following linear regression models:

Model 1: The first model is a univariate linear regression using the land use diversity
index as the independent variable and the segregation index as the dependent variable, as
indicated by the following formula:

Daytime segregation = £30 + 81 x Land Use Diversity

Model 2: The second multivariate model evaluates the relationship between the built-
up area (measured in 1000 m?) for each use and the segregation index, according to the
following formula:
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Day Segregation = 30 + ££1 x Land Use Diversity + 82 x Commercial Area +
133 x Facilities Area + 84 x Education and Culture Area + 85 x Residential Area +
86 x Industrial Area + 87 x Office Area + 38 x Health Area

Model 3: In this model, the land price expressed in development units (UF, as per its
Spanish acronym) per square meter of land is added as a control variable.

Daytime Segregation = 80 + 81 x Land Use Diversity + 82 x Commercial Area +
33 x Facilities Area + 34 x Education and Culture Area + 85 x Residential Area +
36 x Industrial Area + 87 x Office Area + 38 x Health Area + 89 x Land Price

Model 4: In addition to the variables already evaluated in the previous models, built-
up density is added as a control variable, measured in 1000 m? per hectare of land.

Daytime Segregation = £30 + 81 x Land Use Diversity + £82 x Commercial Area +
3 x Facilities Area + 84 x Education and Culture Area + 85 x Residential Area +
886 x Industrial Area + 87 x Office Area + 88 x Health Area +
39 x Land Price + 810 x Built-up Density.

Model 5: The same variables as those in Model 4 are used, but a filter of a minimum of
50 trips per EOD zone is applied.

Daytime Segregation = £80 + 81 x Land Use Diversity + 82 x Commercial Area +
83 x Facilities Area + 84 x Education and Culture Area + 85 x Residential Area +
$86 x Industrial Area + 87 x Office Area + 38 x Health Area +
39 x Land Price + 810 x Built-up Density.

3.5. Spatial Statistical Analysis

The phenomenon of daytime segregation, derived from the floating population, is
theoretically related to the spatial agglomeration patterns of daily trip destinations. Despite
this, a quantitative review of the data and their spatialization (Figures 1-3) revealed
two phenomena: a certain territorial dispersion and, at the same time, a concentration
of integrated daytime zones in Santiago’s central business district (CBD). In order to
understand these concentration patterns, test their statistical significance and support the
explanation derived from the linear statistical model, a spatial statistical analysis was
performed.

The first analysis performed was the application of Moran’s I, which comprehensively
measures the variation of spatial autocorrelation between close neighboring values, indi-
cating whether it exists or not and what the sense of the mentioned phenomenon of the
spatial autocorrelation is.

Subsequently, the local downscaling of Moran'’s I, the local indicator of spatial associa-
tion (LISA), was applied, specifically the Anselin Local Moran’s |, for the analysis of clusters
and outliers. This descriptive analysis indicates whether local association (clusters) exists
and where it is located, specifying statistically significant groupings between neighbors,
with high-high, low-low, low-high and high-low values.

4. Results
4.1. Spatial Distribution of Daytime Segregation

In general terms, the daytime segregation index (Figure 1) showed downtown Santiago
and some pericentral sectors with high daytime integration; these integrated sectors also ex-
tend to peripheral industrial sectors, such as Quilicura, Renca, Cerrillos, San Bernardo and
Calera de Tango. The greatest daytime segregation was concentrated in the northeastern
cone, in Vitacura, Las Condes, La Reina, Nufioa and parts of Providencia (sectors that, in
general, are the ones with the highest segregation of high income in the Santiago Metropoli-
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tan Area). In addition, we observed a clustering of segregated areas in the foothills of
Pefialolén, La Florida and Puente Alto. However, there were also scattered areas of high
segregation, without a clear pattern of concentration, in pericentral areas.
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Figure 1. Daytime segregation in Santiago de Chile. Source: own elaboration based on EOD and
SECTRA 2012.

The distribution of the land use diversity indicator (Figure 2) showed a center—
periphery pattern, where the center and immediate pericenter of the municipality of
Santiago concentrate a high diversity of land uses, extending toward the northeastern cone
and toward major transportation axes, such as Vicufia Mackenna Avenue, Gran Avenida
and Providencia Avenue. As expected, in general terms, we observed a low land use diver-
sity in the periphery, except for sectors with industrial centers and university campuses.
We finally reviewed the cartographies of all variables’ distributions in the city (Figure 3).
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4.2. What Is the Relevance of the Diversity of Activities?

Based on the statistical analysis (Table 1), we found that land use diversity significantly
reduced daytime segregation in the five models evaluated. Likewise, commercial, education
and culture, residential and industrial uses alone reduced daytime segregation, even
when controlling for the surface area of the different uses, land price and built-up density.
Moreover, the area of the facilities used increased daytime segregation, but it was not
statistically significant in Model 3 when controlling for land price (UF/m?), the latter
variable being significant and increasing daytime segregation. As for R2, there was an
important change when adding UF/m?, explaining 0.15.

Table 1. Linear modeling results.

Dependent Variable:
Segregacion de Dia
1) (2) 3) 4) (5)
Diversidad usos de suelo —0.082 *** —0.050 * —0.089 *** —0.061 ** —0.056 **
(0.022) (0.029) (0.028) (0.028) (0.025)
m2_comercio —0.0004 ** —0.001 *** —0.0005 ** —0.0003 **
(0.0002) (0.0002) (0.0002) (0.0001)
m2_equipamiento 0.0004 *** 0.0001 0.0001 0.00001
(0.0001) (0.0001) (0.0001) (0.0001)
m2_educ_cultura —0.001 ** —0.001 * —0.001 * —0.0003
(0.0003) (0.0003) (0.0003) (0.0002)
m2_residencial —0.0001 ** —0.0001 *** —0.0001 *** —0.00002
(0.00004) (0.00004) (0.00004) (0.00003)
m2_industrial —0.0001 ** —0.0001 ** —0.0001 *** —0.00005
(0.0001) (0.0001) (0.0001) (0.00004)
m2_oficinas —0.0001 0.00002 0.0001 0.0001
(0.0001) (0.0001) (0.0001) (0.0001)
m2_salud —0.0003 —0.001 —0.001 —0.0002
(0.001) (0.001) (0.001) (0.0004)
Ave_Ufm2 0.001 *** 0.001 *** 0.001 ***
(0.0002) (0.0002) (0.0001)
m2c_ha —0.003 * —0.002 *
(0.002) (0.001)
Constant 0.162 *** 0.177 *** 0.156 *** 0.141 *** 0.090 ***
(0.011) (0.015) (0.015) (0.015) (0.013)
Observations 717 717 717 706 552
R2 0.020 0.067 0.147 0.151 0.199
Adjusted R2 0.018 0.056 0.136 0.139 0.184
Residual Std. Error 0.134 (df = 715) 0.132 (df = 708) 0.126 (df = 707) 0.122 (df = 695) 0.090 (df = 541)
F Statistic 14.406 *** 6.353 *** 13.522 *** 12.347 *** 13.409 ***
(df =1, 715) (df = 8; 708) (df =9;707) (df = 10; 695) (df =10; 541)

Note: * p < 0.1; ** p < 0.05; *** p < 0.01.

Model 4 showed that when adding built-up density, this variable was significant, as it
decreased segregation, while the rest of the variables did not show major changes, except
for a drop in the land use diversity coefficient. Model 5 used the same variables as those
in Model 4 but with a minimum number of 50 trips; education/culture, residential and
industrial uses were no longer significant, but the meaning and significance of land use
diversity, commerce, land price and built-up density were maintained. In this model, the
R2 was 0.20 when the n-trips filter with 552 observations was applied.

4.3. Spatial Statistics

The first result of the Moran’s index revealed the spatial clustering of the daytime
segregation phenomenon, which means that beyond that observed in Figure 1, the phe-
nomenon was indeed concentrated, not at the same level as the other variables, such as
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income and daytime segregation, but enough to appear clustered with a significance level of
99%. However, the low Moran’s index (0.1) and the relatively high Z-Score (12.2) showed a
non-normal distribution, with a bias toward integrated values and much lower segregated
values, which were nevertheless concentrated (Figure 4).

Moran's Index: 0.103986 Significance Level Critical Value
z-score: 12.163459 (prvalue) (z-score)
0.01 mm <-2.58
D"J’ElHE: I:I.':IE":IDDD 0.05 E -2.58 - -1.96
o010 [ -1.96--1.65
- [ -1.65-1.65
010 [ 1.65-1.96
0.0 [ 1.56-2.58
0.01 N > 2,58
% %
Significant Significant
Random Clustered
o o o o o
60— 5 = 5 o o
= = = -
i P o b} o
= o o = o
50+
401
30—
20+
10+
0 | | |
0.115500 0.336575 0.557650 0778725 0.999300

Figure 4. Results of the Moran’s index analysis. Source: own elaboration.
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To analyze such inference in greater detail, we applied the local downscaling of
Moran’s index, the local indicator of spatial association (LISA), specifically the Anselin
Local Moran’s I index (analysis of clusters and outliers). This analysis was applied to the
variable daytime entropy, that is, to the variable that measures social integration (inverse
to segregation). Therefore, the high-high values refer to clusters of integrated daytime
residents with significant spatial autocorrelation. This was the case for downtown Santiago
and other areas such as Quilicura, the center of Maipti and the center of Puente Alto. It
is also worth mentioning that the presence of a large low-low cluster, that is, an area
segregated during the day, in the eastern cone of the city of Santiago, corresponding to the
municipalities of Providencia, Las Condes and Vitacura (Figure 5). This northeastern part
of Santiago is an area with high land values and high-class residents, being one of the most
nighttime-segregated areas of the city, a phenomenon formally called self-segregation [3].
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Figure 5. Anselin Local Moran’s I index. Source: own elaboration.
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5. Discussion

This article makes a methodological contribution to the measurement of non-residential
or daytime segregation based on data from mobility surveys. It seeks to explain this seg-
regation measurement according to the diversity and distribution of land uses, as well as
other characteristics of the built stock, such as land price and built-up density.

Our findings indicate that, in the case of the city of Santiago, daytime segregation
is significantly reduced by the diversity of land uses, when analyzing the destination of
daily trips. Likewise, urban characteristics (such as built-up density and built-up areas for
commercial use) reduce segregation, while land price increases it. Our research yielded
convincing results: the diversity of land use explains between 9% and 13% of the social
diversity in the studied area during the day. This indicates that the places in the city where
it is possible to find a greater diversity of land uses are the ones that attract the greatest
diversity of people from different socio-economic backgrounds during the day.

As for the spatial clustering of the daytime segregation phenomenon, we found a
concentration of integrated zones in the historic center of the city (municipality of Santiago
and surrounding areas). Moreover, we found clustering in urban sub-centers, such as the
area around bus stop 14 in La Florida, the center of the municipality of Maipu and the
industrial zone of Quilicura. In addition, the eastern cone sector of Santiago showed a
concentration of daytime segregation, being an area that is traditionally segregated at night
(RS), which also concentrates the highest land value in the city (Figure 4). This is consistent
with the results of the linear models, which indicate that daytime segregation significantly
increases with increasing land value. Furthermore, the spatial statistics” analysis shows
that, during daytime, it attracts daily commuters but remains a highly segregated area (a
low-low entropy or social mixture cluster in Figure 5). Considering that it is an area with
general land use diversity low in its periphery, but high in its most centric areas, as well as
dominated by office and residential land uses (Figure 3), we conclude that this is an area
that mainly attracts high-class residents of different areas within the northeastern cone.

Although measured on a different geographic scale, the findings of Dannerman et al.
(2018) for Santiago de Chile are similar to ours regarding the high-rent eastern cone of
Santiago, a highly segregated area that attracts residents from within the area. Furthermore,
our results for central Santiago converge with such research by the finding of a low daytime
segregation area. However, the same study found high segregation (concentrating low-
rent commuters) in the southeastern area of Santiago as opposed to our spatial analysis
results, which found a non-significant concentration in most of its area and a significant
low segregation zone in its center (frontier of La Florida and Puente Alto municipalities,
Figure 5). Our contribution beyond such research is to relate these findings with land use
diversity and to find a significant correlation with daytime segregation patterns.

Compared to the Hong Kong study [52], our study finds an external explanation for
the daytime segregation phenomenon rather than an individual-based one. Li and others
presented statistical modeling and findings based on personal characteristics, such as age,
gender, and education, as well as based on car ownership and public/private housing
residence. However, our study proposes a place-based explanation of daytime segregation
using the above-mentioned urban characteristics to explain why an area could attract
travelers from different income levels.

The limitations of this study mainly relate to data availability. It should be noted that
the information on socioeconomic groups and daily mobility corresponds to survey data
from 2012, which does not necessarily reflect the current reality of the city. In addition, the
household income and expenditure data from the survey present important implications.
However, the main limitation is related to the geographic unit available. This corresponds
to EOD (Origin-Destination Survey) zones, which tend to be homogeneous in terms of
population and, therefore, tend to be larger in size in the urban periphery. This is a
limitation, given that in larger areas, the values of land use diversity and social integration
tend to increase. Furthermore, this methodology is thought to be applied in large cities. It
could hardly be applied to small cities with less than 500,000 inhabitants because of the
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amount of data observations, which is equivalent to the number of geographic zones. In
smaller cities, a fewer number of zones would be derivate in much less robust statistical
modeling. For instance, the city of Copiapé in Chile, with almost 154,000 inhabitants, has
69 EOD zones, while, in our case study, Santiago, with over 7 million inhabitants, presents
866 zones.

Further research should collect and analyze better quality travel databases with a
greater number of observations, incorporating mass-use technologies, such as GPS, for
greater accuracy of the results and greater flexibility in the geographic scale of the analysis.
Other avenues in this line of research could focus on incorporating other types of data that
measure urban vitality, such as daily shopping transaction data, nighttime lighting, and
floating population.

6. Conclusions

Critical reflection on sociability and its relationship with urban characteristics con-
tribute in a more complex and comprehensive way to the understanding of the challenges
of democratic social cohesion. The cities of today imply movements, flows, exchanges
and daily mobility, and they can capture the possibilities of an individual to socialize in
environments different from those of his or her place of residence. Therefore, it is important
to try to capture this complexity and not to retain the static vision of residential segregation,
as if one’s place of residence is the only form of sociability for individuals.

Most studies on this topic focus on the spatial characteristics of workplaces, especially
the size or geographic scope, which are often considered important predictors of isolation
or social exclusion, but they rarely consider the social characteristics of the activity space.
In this paper, we attempted to relate the three aspects, that is, flow, place characteris-
tics (diversity of activities) and the socioeconomic status of individuals, to the case of a
Latin American city. Therefore, the patterns found show similarities and differences with
nighttime segregation research, which has been extensively studied.

This research is not only a contribution to the understanding of sociability patterns
in cities but also a contribution to public policy work, as it informs the development
of more diverse and integrated cities, which is a key tool for strengthening democracy,
the exchange of ideas, the economy and social welfare. Therefore, we suggest that local
governments, through land use planning and the design of public spaces, promote public
policy measures to promote the diversity of activities in their city, which will increase
daytime social diversity.
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