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Abstract
In July 2017 the Law 13.465 was approved. This law provides regularization for rural and urban lands. The
current legislation comprises two modalities for the purposes of urban land regularization. The first one, Social
Interest regularization, applicable to informal urban centers occupied predominantly by low-income population,
thus declared in act by the municipal or district government , and Specific Interest regularization, applicable to
informal urban centers occupied by unqualified population. According to the article 64 of Law No. 12.651/2012,
environmental studies for Social Interest regularization should contain: (a) characterization of the environmental
situation of the area to be regularized; (b) specification of basic sanitation systems; (c) proposal of interventions
for the prevention and control of geotechnical and flood risks; (d) restoration of degraded areas and those not
subject to regularization; (e) evidence of the improvement of the conditions of urban-environmental sustainability,
considering the proper use of water resources, (g) the non-occupation of risk areas and the protection of protected
areas and their buffer areas, when applicable; (h) proof of the improvement of habitability of residents provided by
the proposed regularization; and (i) demonstration of the guarantee of unpaid and free access by the population to
beaches and water bodies, when appropriate. Thus, from the foregoing, this article will present one of the products
necessary for land regularization to be carried out, the mapping of landslide risk with the indications for reducing
the identified high and very high levels of risk. As an example, it is presented the application in the city of Itapevi,
located in the São Paulo Metropolitan Region, São Paulo State, Brazil with a focus on land regularization.
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1 INTRODUCTION
Brazilian cities eloquently show the inequalities
and precarious living conditions of low-income
population. The formal mechanisms for access to
land and housing, either through the market or
through public policies, have always been
insufficient. And given, at most, only part of the
real needs of the population and usually through
low-quality housing solutions and with a scarce
degree of access and integration to urban
infrastructure and equipment.
In this context, access to housing was only
made possible through of idle land occupation
processes and the self-construction of housing,
generating unhealthy settlements. And in this way,
often occupying risk areas, and with their physical
safety compromised by the absence of techniques
and materials suitable for the construction
(Cardoso 2016). It is important to remember that
the concept of housing has undergone through
important transformations in recent years, no
longer restricted to buildings, but inserting
housing in its wider context, covering the
conditions of habitability and healthiness (Pagani
et al. 2016).
At the same time, Brazil has made progress in
the recent decades in the construction of a land
policy of social interest for cities. Land
regularization is a process that includes legal,
urban, environmental and social measures in order
to incorporate informal urban settlements into
urban land use and titling of their occupants, in
accordance with Law no. 13,465/2017 (Brasil,
2017) and Decrees no. 9,310/2018 (Brasil 2018a)
and no. 9,597/2018 (Brasil 2018b).
Informal urban settlements are those irregular,
clandestine or in which it was not possible to carry
out the titling of their occupants, even though it
met the legislation in force at the time of its
implementation or regularization (Ministério das
Cidades 2018).
The objective of urban land regulation of social
interest is to guarantee one of the fundamental
rights of the citizen for a dignified life, namely:
the right to housing. In addition, urban conditions
economic, educational and cultural opportunities
that the city offers (Nunes and Figueiredo Junior
2018).
This article presents the results of one of the
products necessary for land regularization of

social interest, mapping the landslide risk. As an
example, its application is presented in the city of
Itapevi, located in the Metropolitan Region of São
Paulo, State of São Paulo, Brazil.
2 LAND REGULARIZATION PROCESS
One of the stages of the land regularization
process are the Technical Studies for Risk
Situations, in the case of landslide hazard areas in
the settlements; and the Environmental Technical
Study, whenever the nucleus, or part of it, is in a
permanent preservation area (APP), in a
sustainable use conservation area, or of protection
of springs defined by the Union, States or Cities,
as determined by the Forest Code (Brazil 2012a)
(Figure 1).
The landslide risk mapping is an important
point in the process of land regularization, because
by the current legislation, areas identified as high
and very high risk are not liable to be regularized.

Figure 1. Land regularization process.

According to Article 4, Paragraphs 4, 5 and 6 of
Decree No. 9.310/2018 (Brasil 2018a), the
technical environmental study will be mandatory
only for the portions of informal urban settlements
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located in permanent preservation areas,
sustainable use conservation units, or water
springs protection areas. The study can be done in
phases or stages, and the part of the informal
urban settlement not affected by the study may
have its land regularization project approved and
taken to register separately.
The modalities of reurbanisation are two:
 Reurbanization for Social Interest -- land
regularization applicable to informal
urban settlement predominantly occupied
by low-income population, thus declared
in an act of the municipal or district
government; and
 Reurbanization for Specific Interest - land
regularization applicable to informal
urban settlement occupied by unqualified
population in the hypothesis that Reurb-S
treats.
In the case of Reurbanization for Social Interest,
when there is an environmental technical study, it
should prove that land regularization interventions
imply in the improvement of environmental
conditions in relation to the previous informal
occupation situation, with the adoption of the
measures recommended therein. It should contain,
at least, the following elements provided in Article
64 of Law no. 12.651/2012 (Brasil 2012a):
 Characterization of the environmental
situation of the area to be regularized;
 Specification of basic sanitation systems;
 Proposed interventions for the prevention
and control of geotechnical and flood
risks;
 Recovery of degraded areas and those not
subject to regularization;
 Proof of improvement of urbanenvironmental sustainability conditions,
considering the adequate use of water
resources, non-occupation of risk areas and
the conservation protection units and their
buffer areas, when applicable;
 Proof of the improvement of the
habitability of residents provided by the
proposed regularization; and
 Demonstration of the guarantee of free
access by the population to beaches and
water bodies, when applicable.
For the Reurbanization for Specific Interest,
when there is an environmental technical study, it
should prove that the land regularization

interventions imply the improvement of
environmental conditions in relation to the
previous informal occupation situation, with the
adoption of the measures recommended therein. It
should contain, at least, the following elements set
forth in Article 65 of Law no. 12.651/2012 (Brasil
2012a):
 Physical-environmental, social, cultural
and economic characterization of the
area;
 Identification of environmental resources,
liabilities and fragilities and restrictions
and potentialities of the area;
 Specification and evaluation of urban
infrastructure and basic sanitation systems
implemented, as well as other public
services and equipment;
 Identification of the conservation units,
their buffer areas, and the areas of springs
protection in the area of direct influence
of the occupation, whether surface or
underground waters;
 Specification of the existing consolidated
occupation in the area;
 Identification of areas considered to be at
risk of flooding and mass movement,
such as landslide, rockfall and debris flow
and others defined as geotechnical risk;
 Indication of the tracks or areas in which
the typical characteristics of the
permanent preservation area should be
protected with the proposal of recovery of
degraded areas and those not subject to
regularization;
 Assessment of environmental risks;
 Proof of the improvement of the
conditions
of
urban-environmental
sustainability and habitability of residents
from the regularization; and
 Demonstration of guarantee of free access
by the population to beaches and water
bodies, when appropriate.
The mapped areas of Itapevi were classified as
Reurbanization for Social Interest, comprising the
landslide risk mapping areas and also the proposal
of interventions for the prevention and control of
geotechnical risks and floods according to Article
64 of Law No. 12,651/2012 (Brasil 2012a).
3 LANDSLIDE RISK MAPPING METHOD
The method adopted for the landslide Risk
Mapping is based on criteria and procedures for
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working up the risk zoning in areas known to be at
risk (Cerri et al. 2007; Ministério das Cidades
2007;). Its aim is to support risk management and
establish technical and social parameters in order
to promote greater security and/or eliminate risks
as well as adequacy of the products to be
generated in view of the municipal government’s
need to devise intervention plans to control the
identified risks.
The analysis of the risk concept (R), which
validates the study, can start from the following
model (Equation 1):
R = P(A) ⋅ C(V)/G
(1)
This expression shows that the risk (R) is a
probability (P) of occurrence of an accident
associated with a particular danger or threat (A)
which may result in consequences (C), harmful to
persons or property, depending on the
vulnerability (V) of the medium exposed to
danger and that it can have its effect so reduced by
the degree of management (G) put into practice by
the government and/or by the community
(Nogueira, 2002).
Considering the need to obtain information
quickly and concisely, risk assessment and
analysis are simplified, grouped and analyzed
qualitatively, from direct observation in the field.
In this sense we have evaluated the following
factors, considered essential to risk analysis
(Macedo 2011):
a) typology of the expected process and its
probability or possibility of occurrence;
b) vulnerability of urban settlements; and
c) potential damage.
The risk sectors were delimited with the
indication of the probable destabilizing processes,
that is, landslides on natural slopes or cutting
slopes and embankments. The criteria for judging
the probability of the destabilizing processes of
occupied slopes landslides kind, as well as the
parameters analyzed for further procedures are
presented in Table 1.

Table 1. Criteria for determining the probability level.
PROBABILITY level
R1 - Low Risk
Concerning to evaluated
indicators, the area shows
low risk to develop landslides
processes
R2 - Medium Risk
Concerning to evaluated
indicators, the area shows
medium risk to develop
landslides processes. Just
some indicators of instability
processes can be observed.

R3 - High Risk
Concerning to evaluated
indicators, the area shows high
risk to develop landslides
processes. Relevant indicators of
instability processes can be
observed
R4 - Very High Risk
Concerning to evaluated
indicators, the area shows very
high risk to develop landslides
processes. Almost all the
indicators of instability
processes can be observed. It is
the most critical condition.

4 LANDSLIDE RISK MAPPING FOR LAND
REGULARIZATION
In informal urban settlement located in areas of
geological
and
geotechnical
risk,
land
regularization is only allowed if technical studies
are conducted indicating the elimination,
correction
or
risks
management.
The
implementation of the structural measures
indicated in these studies is an indispensable
condition for the approval of land regularization.
In cases where it is not possible to reduce the risk
level through the implementation of structural
measures, the municipality must reallocate the
occupants of the informal urban settlement to be
regularized.
In the city of Itapevi (Figure 2) 15 risk areas
were mapped (Table 2). These areas were
classified as:
a) 40 landslide sectors;
b) 03 margin erosion sectors; and
c) 11 flood sectors.
The costs of the structural interventions
indicated to reduce the risks level of the 17
(seventeen) landslide risk sectors, 02 (two) margin
erosion sectors and one risk sector for flooding
totaled R$ 4,892,496.81 (four million, eight
hundred and ninety-two thousand, four hundred
and ninety-six reais and eighty-one cents),
approximately U$1,123,160.71.
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Figure 2. Itapevi’s location.
Figure 3. Landslide risk sector mapped.
Table 2.
risk level

Number of risk sectors

by type of process and

Risk Level
Process

Landslide
Margin
Erosion
Flood
Total of
Risk
Sector

Low or
Medium
Risk
Sector SM
23

High
Risk
Sector R-3

Very
high Risk
Sector R-4

Total
of Risk
Sectors

16

01

40

01

02

--

03

10

01

--

11

34

19

01

54

Figure 3 shows an example of one of the
mapped areas, containing the delimitation of risk
sectors and the respective risk levels.
Figures 4 and 5 show the indications of
structural intervention needed to reduce the risk
level in the area.

It is worth mentioning that the structural
interventions indicated aim to reduce the risk
level, not the urbanization of the area.

Figure 4. Example of the structural interventions proposed to
risk mitigation.
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Figure 5. Example of the structural interventions for high
and very high landslide risk sectors.

5 CONCLUSION
One of the products necessary for the land
regularization of social interest in Brazilian
municipalities is the landslide risk mapping. This
paper presented the application of this mapping in
the city of Itapevi, located in the Metropolitan
Region of São Paulo, State of São Paulo, Brazil.
According to the mapping carried out, 17
(seventeen) high and very high landslide risk
sectors, 02 (two) erosion in margins sectors and
01 sector for flooding cannot be regularized if the
municipality does not attend to implement the
structural interventions necessary to reduce the
respective identified risks.
For the sectors indicated with Medium and Low
risks, although there are no legal restrictions
regarding their regularization, the following nonstructural measures were indicated aiming at risk
control and the safety of the population:
a) annual updating of risk mapping;
b) surveillance actions to avoid the increase
of risks;
c) formation of Community Civil Protection
and Defense Units (NUPDEC);
d) Implementation of Monitoring and Alert
Systems (Preventive Civil Defense Plan).
These measures, in addition to assisting the
control and mitigation of risks, comply with the
provisions of Law No. 12,608/2012, the National
Policy for Civil Protection and Defense (Brasil
2012b).
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