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Abstract

Between 2017 and 2020 the number of households living in slums in Chile has increased
by 73.52%, which has led the state to urgently develop housing solutions to reorient pub-
lic policy in this area. This article contributes to this discussion through an exploratory
statistical analysis to identify the socio-economic drivers that best help to explain the for-
mation of slums in Chilean cities. The resulting predictive model is tested in Greater
Santiago, the nation’s capital, with good results, validating its usefulness for the design
of housing policies. Among the results, low household income and the presence of interna-
tional immigrants explain an increase in the probability of housing precariousness, while
the presence of renters and heads of household with postgraduate degrees decreases
this possibility. In addition to the specific scope for the Chilean case, the article shares
a methodological strategy that can be replicated in other countries and cities to develop
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where vulnerability of housing measured by socioeconomic factors may reflect pre-

cariousness of housing.

* Areas of the city with high rate of international immigrants and/or low-income
households tend to predict precariousness of housing.

* Areas of the city where households’ heads have postgraduate degrees and/or
are tenants tend to have less probability of developing precarious housing.

1 Introduction

The right to housing is part of the Universal Charter
of Human Rights in its article 25. However, differ-
ent phenomena obstruct important groups of soci-
ety from gaining access to safe, habitable, and af-
fordable housing, as stated by UN-Habitat (2021),
for which the least favoured groups are households
living in slums. Slums are understood as pockets
of poverty within urban areas with little or no access
to public services, no security of tenure, and precar-
ious material construction (Brueckner et al. 2019).
In Chile, there has been a considerable increase
in the number of people living in precarious housing
in recent years, marked by a considerable increase
in the number of households living in slums. Be-
tween 2019 and 2020 alone there was an increase
of 73.52% of households living in slums ((TECHO
2021). A survey conducted by the Ministry of Hous-
ing and Urbanism indicated that over 50% of fami-

lies made the decision to live in slums for economic
reasons.

The assessment of the housing problem in Chile
is usually based on the inequalities of the mar-
ket, the main provider of housing solutions either
through private supply or through projects sub-
sidised by the state. Although Chile during the 20t
century had a housing production model organ-
ised by the state, with the national urban devel-
opment policy of 1979 and the neoliberalization
process of the housing market, the economy took
on a predominant role in access to housing (Bo-
hoslavsky et al. 2021; Daher 1991; Trivelli 1981; Go-
bierno de Chile 2014)!. With these changes, hous-
ing prices in Chile increased steadily from 1980 on-
wards (Vergara-Perucich 2018; Arriagada Luco &
Simioni 2001) and in the face of the shortcomings
discovered by an accelerated housing production
without urbanism (Sugranyes & Rodriguez 2005),
the process of social housing construction slowed

© Jan Evangelista Purkyné University in Usti nad Labem

55



§ sciendo

Available online at content.sciendo.com

GeoScape 16(1) — 2022: 55—64 doi: 10.2478/geosc-2022-0005

down and the mercantile production of the city be-
came the major supplier of housing, thus changing
the patterns of urban development in large cities
(Cattaneo Pineda 2011). For decades the housing
provision model has relied on a subsidiary model
and the real estate market, however, this model
does not have instruments to monitor the socially
useful effectiveness of the resources employed,
which between 1998 and 2017 increased by 665%
even though in the same period the equivalent
of 19.3 billion dollars at current value were in-
vested (Vergara-Perucich 2021). There is a diag-
nostic problem with the housing solutions applied
in Chile, given that by implementing public policies
whose design ignores the socio-economic problems
that tend to reproduce the housing deficit, the sub-
sidised mechanism ends up injecting resources into
the market (Razmilic 2010) rather than resolving
the reproduction of the existing deficit.

This article seeks to provide descriptive evidence
on the socio-economic conditions that could help
to explain some critical aspects that influence
the decision of a family to move to a slum or to
live in precarious housing in the case of Chile.
To elaborate this analysis, two complementary
stages are carried out: in the first, the CASEN
-socioeconomic characterisation surveys- of 2015
and 2020 are used, with more than 290 thousand
responses to the survey divided among 316 com-
munes nationwide, in the first stage as a study by or-
dinary least squares to identify the variables with
the greatest influence on the increase in the precar-
iousness of the housing of the households studied.
A second stage of evaluation, based on the results
of the first analysis, uses census data at the block
level to identify the spaces with the highest risk
of housing precariousness for these households
for the case of Greater Santiago. This second stage
was possible because the results of the first stage
generated significant variables that had a represen-
tation in the 2017 CENSUS, which offers more de-
tailed geospatial representations than the CASEN
survey, which allowed us to elaborate a LISA anal-
ysis of spatial autocorrelation and their respective
cartographies in Chile’s capital city. Although these
results are descriptive, they offer valuable informa-
tion for the design and effective targeting of hous-
ing policy resources, seeking to identify urban areas
where different socio-economic factors could be in-
forming the development of housing depreciation
that urgently needs to be addressed. This analy-
sis can also be useful for the design of a method-
ology to monitor public investment, and a more
in-depth analysis of these results can help design
a public policy evaluation instrument for the Min-

istry of Housing and Urbanism, expanding the ma-
trix of factors to be used in the analysis.

2 Methods

This is an exploratory study with a quantitative ap-
proach whose objective is to obtain descriptive re-
sults by applying the econometric technique of or-
dinary least squares analysis for different socio-
economic observations that arise from the survey
of national socio-economic characterisation of Chile
(CASEN) between 2015 to 2020. This analysis
technique allows to review the linear relationship
and degrees of influence of these socioeconomic
observations with the number of precarious hous-
ings in the Chilean districts under study. Due
to the massiveness and richness of the data, de-
pending on the results of the statistical adjustment
of the model, explanatory relationships between
variables could be identified (Moreno Sarmiento
2013), which in this case are mainly derived from
the slum survey developed by the Ministry of Hous-
ing and Urban Development in 2019, in which
the main causes that promote the creation of pre-
carious households forced to live in slums could
be identified. From the specific analysis of ob-
servations to the question What reasons did you
have to come to live in a slum?, twelve variables
from the CASEN survey were identified that could
be used to carry out a first test of ordinary least
squares analysis. The details of these variables can
be seen in Table 1. In general, some of the ar-
guments of people living in slums could be clas-
sified as migratory reasons, low educational level,
age, relationship between rent prices in the com-
mune and income, unemployment, female heads
of household, overcrowding, more than one fam-
ily nucleus in the dwelling, reduced income, home-
owners, and poor sanitary quality of the dwelling.
On the other hand, to define the group of fam-
ilies in precarious housing, we use the question
vl of the CASEN 2015 and 2020 surveys: What
is the type of housing in which you live? Among
the options for this answer, the following are con-
sidered precarious housing:

* Piecein old house, in tenement, in shed or sub-
divided space,

* Shelter, improvement, or emergency housing,
* Ranch or hut,

* Precarious housing made of reused materials
(cans, plastics, cartons, etc.).
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From this selection, a sample of 291,360 households
considered precarious with presence in 316 com-
munes of the country is obtained and the variation
between 2015 and 2020 is measured to configure
the dependent variable. Regarding the econometric
technique applied, this is the general formula of lin-
ear regression to obtain ordinary least squares:

Yn = a+ B1x1 + Boxo - fiwi + € (1)

Where yn is the dependent variable (precarious
housing), then a is the constant of the dependent
variable that intercepts the regression curve, €i rep-
resents the random error, while 3; are the estimated
coefficients for each dependent variable x;, which
are listed below in Table 1 .

Table 1 Independent variables for the analysis (z;).

Variables Obs. Range Min. Max. Mean
Three or more

324 0.05 - 0.05 0.00
household per house
Immigrants 324 0.50 - 0.50 0.03
Mother living abroad 324 0.50 - 0.50 0.03
Postgraduate studies 324 0.47 - 0.47 0.07
Tenants 324 0.67 - 0.67 0.15
Price to income ratio 324 0.57 0.13 0.70 0.32
Low income 324 0.78 0.08 0.85 0.53
Woman

324 0.26 0.43 0.69 0.53
as household head
Mother living 324 074 018 091  0.59
in same district
Owners 324 0.91 0.09 1.00 0.68
Unemployed 324 0.34 0.66 1.00 0.87
Average age 324 2096 36.99 57.95 48.13

per district

Source: authors based on CASEN 2015 and CASEN 2020

A multi-co-linearity analysis is applied for the de-
pendent variables of the study to define the statisti-
cal model to be presented. Regression models with
variance inflation greater than 5 were discarded.
The models were ensured to have a good statisti-
cal fit for selection both at the r? level and in their
statistical significance measured by a p-value of less
than 0.05.

The case where the results will be tested
is the metropolitan area of Santiago. The case
to test and illustrate the results of the analysis
is the metropolitan area of Santiago, a city that con-
sists of 40% of the national population and 79%
of the housing market. This city of more than 8
million inhabitants is made up of 32 autonomous
administrative units known as communes, each
with a mayor’s office and a council that oversees
the initiatives of the local mayors. This city has

no authority, such as a major mayor, to coordinate
the rest of the mayors. In its functional configu-
ration, there are few communes with a high diver-
sity of functions, mainly the communes of Santiago,
Providencia and Las Condes, but they are mostly
residential communes. The political-administrative
division of the territory of Santiago and the defini-
tions of the limits of each commune configure a high
level of residential segregation when measured
by income. The location of high-income communes
in the western sector of the city and low-income
communes in the southern sector is very marked.
This is due to a historical process and because
the most aggressive urban expansion occurred from
1980 to 2010, when a deregulated real estate mar-
ket prevailed without an active role of the state
in land use planning. This has begun to change,
but the effects of these changes have not been fully
visible in the urban space. The results of the study
are presented below.

3 Results and discussion

In a first approximation, an exploratory analysis
of the Pearson correlation between the dependent
variable, precarious housing, and the explanatory
variables is carried out presented in Table 2.

Table 2 Pearson correlation between dependent
variables and independent variables

Precarious

Variables (X; ig. .
ariables (X;) housing (Y) Sig Obs
Low-income 0.459 0.000 324
Price-to-income ratio 0.289 0.000 324
Postgraduate studies -0.440 0.000 324
Tenants -0.305 0.000 324
Mother who lives 0.185 0.001 324
in the same district
Owners 0.132 0.017 324
Unemployed -0.099 0.075 324
Average age per district 0.087 0.118 324
Woman
as household head 0.063 0262 324
Immigrants 0.039 0479 324
Mother living abroad 0.039 0.479 324
Three or more 0.002 0977 324

household per house

The variables with appropriate statistical signif-
icance and the highest correlation were low-
income households, the relationship between in-
come and rent prices, and households where
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the head of household lives in the same commune
as his mother. In indirect correlation, the variables
of the heads of households with postgraduate stud-
ies and the households that rent their homes ap-
pear with statistical significance. This aggregate
analysis at the national level does not necessarily
define explanatory relationships between variables,
but it does indicate that there is a certain linear rela-
tionship between the variables that is of significant
strength. This first result, on the one hand, shows
that some of the variables included in this analy-
sis are appropriate, while at the same time indicat-
ing that for the stepwise regression analysis it will
be important to generate a co-linearity test to avoid
those two variables are explaining the same vari-
ance about the dependent variable.

Multiple linear regression (Table 3) is applied using
the stepwise strategy, which allows for an iterative
review of the statistical significance of the indepen-
dent variables, thus filtering which variables should
be incorporated into the final predictive model.
For each iteration new variables are added to iden-
tify which are the most appropriate in order to gen-
erate an explanatory model for the dependent vari-
able.

Table 3 Regression summary and its coefficients
to precarious housing as Y

. Beta
Variables (X;) B SE (Std) p-value VIF 12
(Constant) 0.421 0.062 0.0000 0.321
Low income 0.396 0.089 0.298 0.0000 2.14
Immigrants  1.235 0.195 0.385 0.0000 1.739
Tenants -0.514 0.137 -0.268 0.0000 2.419
Postgraduate 608 019 0208 0.0020 2.015
studies

The regression model indicates that the main
explanatory variables report 32.1% of the vari-
ance of the dependent variable.  This result
is valuable, considering the statistical robustness
of the model based on information from Chile’s
socio-economic characterisation survey, the main
socio-demographic profiling instrument for the de-
sign of public policies in Chile. Co-linearity coeffi-
cients of less than 3 are observed, so variance in-
flation indicates that each variable included in the
model is explaining a different aspect of the de-
pendent variable. In the first order, the most di-
rectly influential variable is low-income households,
in a direct relationship with the dependent vari-
able, together with households composed of immi-
grants. On the other hand, the variables in in-

verse relationship are the presence of renter house-
holds and households whose heads have postgrad-
uate studies. In summary, the study indicates
that there is a higher probability that housing pre-
cariousness is occurring in low-income and immi-
grant households, while this probability decreases
in renter households and in households where heads
of household have completed postgraduate studies.
One of the limitations of the CASEN survey
is that it does not offer spatial units of analysis
within the districts studied. The most detailed spa-
tial unit for this survey is the commune. However,
the regression results allow for a proxy with cen-
sus data, whose most detailed spatial unit of in-
formation is at the block scale. The 2017 CEN-
SUS asked questions that allow to generate a proxy
dataset for each of the significant variables indi-
cated by the regression model. Table 4 indicates
the criteria that allowed to generate a detailed car-
tographic interpretation of the regression results
for each variable.

From this information, a set of cartographies is gen-
erated for Greater Santiago, indicating those urban
spaces most vulnerable to the possibility of falling
into a situation of probability housing. The for-
mula for calculating the weight of each census tract
on the variables is made by applying the regression
results, as indicated below:

(2)

Where « is the regression constant, 8- are the co-
efficients resulting from the regression and z;
are the specific census factors for each census tract,
thus identifying the specific weight of each variable
in the total 7. To do this representation, it was im-
portant to consider the socio-economic configura-
tion of the city of Santiago, using data from the Ob-
servatorio de Ciudades of the Pontificia Universidad
Catolica de Chile, available on their analytical map-
ping website (OCUC-UC 2021) In Fig. 1, the lower
the socio-economic level by income of each spatial
unit, the darker the colour. The purpose of including
this map is to illustrate to people who do not know
this city how socio-economic groups are distributed
in the urban space, before identifying the spatiali-
ties of those households most likely to fall into situ-
ations of housing precariousness.

Being a result that is represented in Fig. 2, in the
eastern sector of the city, there is a lower risk
that these households fall into a situation of hous-
ing precariousness, a situation that is accentuated
towards the extreme southern and western areas
of the city. At the district level, Quilicura, Renca,
Cerro Navia, Quinta Normal, Cerrillos, La Pintana
and Puente Alto are communes that present a high

I'=a+Brzy + Bymy + PByzy
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Table 4 Interpretative proxies of census variables for regression results

Variables in the model CENSUS variables Calculation rationale for proxies
Low income Schooling Age Weighted value betwgen s?hoo%ing years and age. .
The lower the schooling with higher age lowers the income.
Immigrants Country where household head were born CENSUS direct question.
Tenants Tenancy situation CENSUS direct question.
Postgraduate studies  Schooling CENSUS direct question.

SANUOSE!DE MAIRO,

Socioeconomic (Household Income)
Bl 5-392
Bl 392 -970

970 -1355

1355 -2910

0O 25 5km

Fig. 1 Socio-economic category of households by income level in Greater Santiago
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Fig. 2 Predicted results with resulting regression function by block according to higher risk of precarious households

risk in relation to the vulnerability of their house-
holds. The probability of the emergence of new
forms of housing precariousness in these communes
is high and requires special attention from their lo-
cal authorities and the Regional Government, con-
sidering that the data used for this study are from
2017 and the reality of the pandemic could have
increased the risks for the most vulnerable house-
holds, a situation that has not yet been fully investi-
gated.

To improve this interpretation of the results
at the level of territories, the variables are evalu-

ated under a spatial autocorrelation analysis by Luc
Anselin’s LISA method (Anselin 2010), in order
to see the degrees of agglomeration of households
that, due to their vulnerability, deserve attention
from local authorities. For this case, the Moran
strategy has been used, which can be written as fol-
lows:

2
Zi z‘Zi
I; = E wij;mgzz (3)
J

mao n
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[ High-High
I High-Low
" Low-High
B Low-Low

Not significant

Fig. 3 Spatial autocorrelation map for LISA coefficients

Where m, is the variance of the distribution
of the variables for the set z; = y; — y; w;; is the spa-
tial weight assigned to the observations of the vari-
ables i together with ji, and n is the number
of observations. This geostatistical technique iden-
tifies the areas with the highest level of weight-
ing of the results that deserve the most attention
(high-high) and also to review where the isolated ar-
eas (high-low) break with apparently less vulnerable
neighbourhoods (low-low).

In Fig. 3, these results are observed in the Greater
Santiago. This analysis in specific relation to High-

High relations, points out the districts of Cerro
Navia, Renca, Quilicura, Huechuraba, Puente Alto
and San Bernardo where there is a greater proba-
bility of housing precariousness based on the model,
with a marked location in the periphery of the city.
On the other hand, some clusters appear in the
peri-centre of the city, specifically in Pedro Aguirre
Cerda, Cerrillos, Independencia, San Joaquin
and La Cisterna.

To check the effectiveness of this study, based
on the results of smooth analysis, with data from
2017, a distance matrix between the centroids
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of these units is carried out with relevant levels
of statistical significance on the potential develop-
ment of precarious housing against the 2019 cadas-
tre of slums for the city of Santiago of the Min-
istry of Housing and Urban Development, published
in 2021. In this cadastre for Greater Santiago,
97 slums are indicated. Based on a distance ma-
trix, it was assessed as a successful prediction
that slum formations in the city would be located
at an average distance of 1200 metres from the cen-
troids resulting from the LISA analysis. As a re-
sult of this complementary analysis, the model had
an accuracy of 22% for indicating where slums
would be in Greater Santiago. As indicated in Table
5, accuracy was highest in the communes of Quinta
Normal, Maipti, Huechuraba, Pedro Aguirre Cerda,
Puente Alto, Santiago and Cerrillos.

Table 5 Distance matrix between centroids
of LISA areas with statistical significance and actual
location of slums in Santiago based on 2019 data.

District Average distance (m)
Quinta Normal 224
Maipu 531
Huechuraba 563
Pedro Aguirre Cerda 708
Puente Alto 988
Santiago 1085
Cerrillos 1146
Renca 1595
Lo Espejo 1708
Cerro Navia 1767
Peiialolén 1836
La Florida 2116
San Bernardo 2118
El Bosque 2300
Quilicura 2532
Independencia 2822
Recoleta 2953
Las Condes 3154
San Joaquin 3284
San Miguel 4045
Lo Barnechea 4185
Vitacura 4315

Source: authors with Housing and Urbanism Ministry

The results indicate that there is an associa-
tion between socio-economic factors and processes
of housing precariousness, in which the authorities’
action is highly relevant. Currently, the housing
deficit in Chile is like that of 1998, despite a high
level of investment in the provision of social hous-
ing. The subsidiary strategies in housing policy
seem to be insufficient to meet these urgent needs.

In addition, there has been an important recent mi-
gratory flow from other Latin American countries
and the socio-economic effects of the pandemic,
which in the last two years could have aggravated
the housing problem. The exploration of different
housing solution strategies seems to be an unavoid-
able way forward in the coming years to prevent vul-
nerable households from having to move into pre-
carious housing for socio-economic reasons.

4 Conclusions

Rodrigo Hidalgo coined the concept of precariopo-
lis, referring to deteriorated urban spaces where
state and market housing solutions fail to break
the reproduction of a process of housing precarious-
ness (Hidalgo 2018; Hidalgo et al. 2008). The re-
sults of this analysis are indicative that the concern
for the formation of these precariopolises has a la-
tent spatial representation that deserves further at-
tention to seek appropriate solutions to avoid their
reproduction, responding to Hidalgo’s approach
to this urban problem. Subsidiarity and the free
market are insufficient to address the housing prob-
lem in Chile.

The multiple linear regression model at the na-
tional level identified four socio-economic drivers
that with an acceptable level of statistical represen-
tativeness can contribute to predict those sectors
of Chilean cities where there is greater vulnerabil-
ity to the development of informal housing. Test-
ing these results geographically for Greater Santi-
ago, it can be observed that the model can predict
the formation of new slums in urban areas, which,
with different adjustments, can be useful for the de-
sign of targeted housing policies to avoid housing
precariousness processes.

One of the limitations of the study is that in Chile
there was a failed census in 2012 that triggered
the development of an abbreviated census in 2017
whose data records did not provide the levels of in-
formation required for this type of instrument.
Therefore, the incorporation of explanatory vari-
ables into the spatial analysis model was limited
by the availability of reliable data for the analy-
sis. A new population census will be conducted
in 2022, so this study could be re-run to see how
the results vary. In this sense, a key aspect is to in-
crease the number of variables with statistical rep-
resentation on the block scale. Thus, in 2023
Chile should publish the databases of a new pop-
ulation census. The new data will allow testing
whether this model can be made more accurate.
Another possibility for generating new approaches

62

© Jan Evangelista Purkyné University in Ust{ nad Labem



§ sciendo

GeoScape 16(1) — 2022: 55—64 doi: 10.2478/geosc-2022-0005

Available online at content.sciendo.com

to the research question is to work with time se-
ries techniques to identify causal factors for the in-
crease of slums. Again, the current problem with
such studies in Chile is that there are serial data
at the national level and at most at the regional
level, so the geographic precision of the results
would not be optimal although it would allow one
to contrast these results. Finally, the model applied
to the city of Santiago could be applied to other
cities in Chile to see if the statistical results are still
significant.

Although this analysis has been carried out
for the case of Chile, it is possible that the method-
ology and rationale of the study process could
be replicated in other countries in order to identify
similar patterns. It is important to mention that al-
though in Chile there is good access to data in re-
lation to the reality of Latin America, developed
nations in Europe, Asia, or North America, where
the volume and quality of data is higher, it could gen-
erate results with greater precision than those pre-
sented here and with important implications for in-
fluencing decisions on territorial planning and hous-
ing policy.

Given the inadequacy of housing policy in its cur-
rent state, the Ministry of Housing and Urban De-
velopment must begin the process of overcoming
subsidiary mechanisms. To begin with, a pub-
lic instrument for monitoring the effects, effec-
tiveness and gaps in housing policy must be cre-
ated. This does not currently exist, and it is ur-
gent that a redesign of housing policy considers
official results vis-a-vis the implementation so far
of the subsidiary system. International experience
can help to reorient housing policy. It is difficult
to find housing policies that do not achieve some
success without the active participation of the state
in the development, provision, and management
of housing, whether in the form of concession, pub-
lic housing, or fair rent. In this sense, the integra-
tion of new housing units with social objectives can-
not be isolated from the planning process of urban
services and specific functions such as work, ed-
ucational and recreational areas. In other words,
it is ideal for new housing solutions to emerge
from integrated urban plans, where housing is part
of the services offered by new developments rather
than the driving force behind them.

Footnotes

! The process of neoliberalisation of housing is based on the state
abandoning the organisation of allocation, planning and delivery
of housing in order to let the market perform this task in a profit
driven scheme. In the case of Chile, this occurred specifically
through the dismantling of the territorial planning apparatuses
that depended on the Ministry of Housing and Urbanism by re-
leasing of taxes to construction companies, the expansion of ur-
ban limits by consuming agricultural areas and the liquidation of
public land for the development of private real estate projects.
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