
Brazilian Journal of Cartography (2015), Nº 67/5 Special Issue 27th ICC: 953-962
Brazilian Society of Cartography, Geodesy, Photgrammetry and Remote Sense
ISSN: 1808-0936

RISK MAPPING IN URBAN AREAS: METHODOLOGICAL ESSAY FOR 
SAMPLE AREA OF SANTOS, SÃO PAULO – BRAZIL

Mapeamento da Vulnerabilidade Socioambiental e dos Riscos em Áreas Urbanas: 
Ensaio Metodológico para Área Amostral de Santos, São Paulo – Brasil 

Maria Isabel Castreghini de Freitas, Lucimari Aparecida Franco Garcia 
Rossetti & Rodrigo Buchianeri Numa de Oliveira

Universidade Estadual Paulista – UNESP 
Institute of Geoscience and Exact Sciences - Center of Analysis and Environmental 

Planning – CEAPLA
Av. 24 – A, 1515 – Bela Vista – Rio Claro SP – Brazil

{ifreitas; lucimari}@rc.unesp.br
rodrigo_numa@hotmail.com

Received on June 13, 2015/ Accepted on August 01, 2015 
Recebido em 13  de Junho, 2015/ Aceito em 01 de Agosto, 2015 

ABSTRACT

The mapping of densely urbanized areas is a constant challenge for cartographers and Geoscience 
professionals that rely on techniques of Digital Cartography and Geographic Information Systems 
(GIS), mainly due to the high concentration of buildings and the presence of varied urban occupa-
tion, housing people from different social statements in confi ned and reduced urban spaces, which 
makes diffi cult the mapping. Currently, there are many studies dealing with the vulnerability and 
risks supported by Geo-technology.  In order to contribute to methodological refl ections on the 
theme, this study proposes to apply established methodologies of Principal Components Analysis 
(PCA) and Multi-Criteria analysis (MCA), based on SPSS programs and ArcGIS r. 10.2, aiming 
to integrate thematic maps for studies of vulnerabilities and risks of mass movement in the sample 
area selected in Santos, SP-Brazil. The methodological procedure corresponded to the different 
integration techniques supported in Geo-technology, such as the mapping of the Urban Land Use 
based on interpretation of orthorectifi ed images, the Slope based on 10 m contour lines and the 
Socio-environmental Vulnerability held by Factor Analysis (FA). The integration of thematic data 
by Multi-criteria Analysis (MCA) generated a synthesis map of the risk areas, accompanied by the 
quantitative analysis of the different thematic classes. It can be concluded that the methodology 
applied brought a qualitative contribution to traditional risk mappings in the area, especially with 
the contribution of the Land use data and the Socio-environmental vulnerability.

Keywords: Socio-environmental Vulnerability, Risk, Geographic Information Systems.

RESUMO

O mapeamento de áreas densamente urbanizadas é um constante desafi o para cartógrafos e profi s-
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sionais das Geociências que se apoiam em técnicas de Cartografi a Digital e Sistemas de Infor-
mação Geográfi ca (SIG). Na atualidade, muitos são os estudos que tratam da vulnerabilidade e dos 
riscos apoiados nas geotecnologias. Com o intuito de contribuir com as refl exões metodológicas 
no tema, esse estudo se propõe a aplicar metodologias consagradas de Análise por Componentes 
Principais (ACP) e Análise Multicritério (AM), com base nos programas SPSS e ArcGIS R.10.2, 
visando integrar mapas temáticos com vistas aos estudos de Vulnerabilidades e Riscos relacionados 
à movimento de massa em área amostral selecionada em Santos SP - Brasil. Para o mapeamento 
da vulnerabilidade socioambiental foram coletados dados socioeconômicos do Censo 2010 do 
Instituto Brasileiro de Geografi a e Estatísticas (IBGE) além de dados e documentos cartográfi cos 
de instituições de pesquisa e de órgãos municipais. O procedimento metodológico correspondeu 
à  integração de diferentes técnicas apoiadas em Geotecnologias, como o mapeamento de Uso do 
Solo Ur-bano com base em interpretação de imagens ortoretifi cadas, a Declividade com base em 
curvas de nível de 10m e a Vulnerabilidade Socioambiental realizada por Análise Fatorial (AF). A 
integração dos dados temáticos foi realizada em SIG, por Análise Multicritério (AM). Os resultados 
correspondem a um mapa síntese das áreas de risco e gráfi cos apresentando análise quantitativa das 
diferentes classes temáticas. Pode-se concluir que a metodologia aplicada trouxe uma contribuição 
qualitativa aos mapeamentos tradicionais de riscos da área, em especial com a contribuição dos 
dados de uso do solo e vulnerabilidade socioambiental, o que permite ao administrador público maior 
assertividade na defi nição de ações preventivas e mitigadoras de riscos relacionados ao movimento 
de massa em área urbanizada.

Palavras chaves: Vulnerabilidade Socioambiental, Riscos, Sistema de Informações Geográfi cas.

1. INTRODUCTION

The municipality has occupation features  
which are common in many urban occupations in 
countries around the world, whether developed 
or developing, characterized by the urban 
containment between the sea and the mountain, 
composed of an occupation pattern having on 
the one hand the relief which limits the regular 
occupation and, on the other hand, suffering the 
pressure from the population concentration and 
disorderly growth leading to the occupation of 
areas of hills and slopes potentially risky for 
sliding.

In this study, we intend to apply techniques 
of Digital Cartography and geographic 
information systems (GIS) in order to contribute 
to methodological reflections on the theme, 
through methodologies of Principal Components 
Analysis (PCA) and Multi-criteria Analysis 
(MA), based on SPSS programs and ArcGIS r. 
10.2. In this perspective, we intent to integrate 
thematic maps for studies of vulnerabilities 
and risks of mass movement in the sample area 
selected in Santos, SP-Brazil. 

The economic development of Santos 
turned it into the principal city of the metropolitan 
region of Baixada Santista, created by the 
complementary State law 815, in July 30, 1996. 

The presence of the Port of Santos has an 
expressive municipal human development index 
(IDHM), which was 0.840 in 2010 and a GDP  
per capita greater than $ 75,000, according to 
the IBGE (2010). The attractive possibility of 
work fronts from the Port of Santos creates an 
expressive population growth, leading the poorest 
to occupy unsuitable areas. These characteristics 
lead to the emergence of segregation imposed 
residential areas which according to Corrêa 
(2013), are characterized by:

slums, tenements, modest or poor dwellings 
built in the volunteer system and housing 
estates, many of which are recent or deteri-
orated, located mainly in the periphery  or 
in the hazardous areas or in those already 
characterized by obsolescence, with precar-
ious or no urban infrastructure, dirty and 
unsafe, make up the landscape of segre-
gation imposed areas (CORREA, 2013: p.  
44). 
Part of the motivations that lead researchers 

to develop this study is that mapping such areas 
considering both the physical and economical  
aspects, in order to subsidize the public powers, 
must be done not only in times of disasters, but 
mainly to meet the socio-economic profi le of the 
population inhabiting such areas.
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2. LITERATURE REVIEW

Risk studies based on selected works 
were developed by researchers in Geo-
technologies from Brazil and abroad which 
allowed an overview of the state of the art and 
the methodological design of this study. 

The main studies of vulnerability based 
on  Geographic Information Systems (GIS) 
and statistic computer programs emerged in the 
late 1980’s and in the 1990’s, mainly with the 
researches of Blaikie et al. (1994) and Cutter 
(1996), through the factorial analysis of different 
variables and indictors, considering varied social, 
economic, political and cultural dimensions.

An disseminated concept of Vulnerability 
in the international literature is from Wisner et 
al. (2003):

the characteristics of a person or group and 
their situation that in� uence their capacity 
to anticipate, cope with, resist and recover 
from the impact of a natural hazard (an ex-
treme natural event or process). It involves 
a combination of factors that determine the 
degree to which someone’s life, livelihood, 
property and other assets are put at risk by 
a discrete and identi� able event (or series 
or ‘cascade’ of such events) in nature and in 
society (WISNER et al., 2003).
Another international contributions is from 

Tacnet, Batton-Hubert and Dezert (2010) who 
developed a mixed method which includes the 
application of the Analytical Hierarchy Process 
(AHP), specifi cally the Multi-Criteria Decision 
Analysis (MCDA) and the Belief Function 
Theory that allows to consider uncertain, 
imprecise and confl icting information applied to 
the study of vulnerability and risks arising from 
mountain river torrents and snow avalanches. 
According to the authors, different methods 
exist to support the decision making based on 
imperfect information. A brief analysis of the 
characteristics of the existing methods using both 
MCDA methods and theories for uncertainty 
management was proposed.

Several theories have been proposed for 
decision making based on imperfect information. 
In the cited research ER − MCDA (Evidential 
Reasoning-Multi Criteria Decision Analysis), 
which is a combination of multi-criteria decision 
analysis and fusion of information, was applied. 

The authors highlighted that the ER − MCDA 
methodology contributes to the improvement 
of the traceability and the quality description 
of the decision making process. The extension 
of this methodology to spatial applications and 
especially to hazard and risk zoning maps is 
recommended.

Another study developed by Pourghasemi, 
Pradhan and Gokceoglu (2012) had as its 
main objective the production of landslide 
susceptibility maps of a landslide-prone at the 
Haraz watershed in Iran, using both the fuzzy 
logic and the analytical hierarchy process (AHP) 
models. This study yielded thematic maps 
representing landslide conditioning factors such 
as degree, plan curvature, altitude, lithology, land 
use, slope and aspect. Based on such maps the 
authors produced distance from faults, distance 
from rivers, distance from roads, slope length 
(LS), stream power index (SPI), and topographic 
wetness index (TWI). To develop the Landslide 
susceptibility mapping the authors opted by 
using the fuzzy approach. The authors also opted 
to apply the analytical hierarchy process (AHP) 
which helps decision makers to fi nd the best 
solution to the understanding of the problem. 
The process included several steps: (1) breaking 
a complex unstructured problem down into its 
component factors; (2) arranging such factors 
hierarchically; (3) attributing numerical values 
according to the relevance; and (4) synthetizing 
the rating to determine the factors priorities. The 
mapping included the use of aerial photographs 
and fi eld works in 78 landslide locations. The 
authors concluded that:

[…] the results of the fuzzy logic model 
have shown the best prediction accuracy 
in landslide susceptibility mapping in the 
study area.  ey consider also that the re-
sults of landslide susceptibility mapping for 
the Haraz watershed of Iran is viable, the 
maps results may be helpful for planners 
and decision makers to plan actions in this 
area (POURGHASEMI, PRADHAN & 
GOKCEOGLU, 2012: p. 992).
The projects done in Brazil rely on Geo-

technology internationally adopted, such as 
products of Remote Sensing and Geographic 
Information Systems (GIS). Examples developed 
in metropolitan areas since the 1990s were 
selected, in order to illustrate that even with the 
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landscape diversity of a continental country as 
Brazil combined with aspects related to hazards 
and risks are reproduced fairly similar, due to 
the form of its urban occupation.

The research developed by Valente (1996) 
presented a methodology for the determination 
of risk areas with the use of Remote Sensing 
techniques and Geographical Information 
System for the watershed of Arroyo Feijó, in 
the metropolitan region of Porto Alegre RS, for 
1993. The study area is characterized by high 
population density, existence of fl ood areas and 
erosion processes. Initially, the events considered 
dangerous were defi ned, with the predominance 
of fl ooding, preliminary susceptibility to the 
high and very high laminar erosion and areas 
with restriction to the urban use due to the low 
load capacity of soils. In this way, areas with 
probability of occurrence of hazardous events 
were identifi ed for the determination of risk 
areas and, subsequently, its crossing with the 
urban area. The procedure was carried out in four 
steps: a) material selection and delimitation of 
the study area; b) processing and classifi cation 
of orbital images Landsat/TM5; c) database 
modeling in SGI-340/INPE with implementation 
of topographic, pedological and lithological 
data; d) cross-checking on SGI for determining 
the area with primary susceptibility to laminar 
erosion, with restriction to the urban use and 
to the areas prone to hazardous events and risk 
areas. When compared to traditional methods, 
the Geo-technology proved suitable for the 
study, and due to its simplicity, it is possible the 
continuous and multitemporal updating of data 
with reduced cost and time.

Christ and Herrmann (2004) developed a 
methodology applied to the mapping of areas 
with susceptibility to natural hazards in the 
watershed area of the River Itacorubi in the 
East sector of the central portion of the island 
of Santa Catarina, located in the municipality 
of Florianopolis SC. The authors applied geo-
technologies to analyze areas susceptible to 
natural hazards arising from the urban expansion, 
evidenced on the slopes with accentuated 
declivities subject to landslides and in lowland 
areas with fl at and low relief with occurrence of 
fl oods. In the adopted methodological procedures 
geological, geomorphological, soil, slope, 
shapes of the relief aspects as well as the land 

use were characterized. Interpretation of aerial 
photographs, satellite images and fi eld works 
supported by Global Position System (GPS) 
devices were used. Apart from that, thematic 
maps of the analyzed aspects were drafted 
and for each identifi ed characteristic a value 
(weight) was assigned to establish the classes 
of susceptibilities to natural landslides and 
fl ooding risks. The integration of thematic maps 
using digital processing techniques with the 
use of the Software Microstation GeoGraphics 
was accomplished, resulting in the fi nal map 
of susceptibility. The authors comment that 
the mapping of areas susceptible to landslides, 
with different classes of risk hierarchically 
organized, is an important tool to the prevention 
of accidents, which enables the planning and 
the targeting of human occupations to adequate 
locations.

In the research of Andretta et al. (2013) 
the areas subject to geological risk in Gilberto 
Mestrinho, on the East side of Manaus AM were 
mapped and classifi ed  in the context of the 
project “Mapping of Risk Areas in the City of 
Manaus”, developed by the Geological Survey 
of Brazil (CPRM). The work was developed 
with the support of aerial photographs, satellite 
images, topographic and hydrographic maps, 
survey of historical events, fi eld analysis with 
description of soil, geology, geotechnical and 
anthropic factors which are responsible for 
the characterization and development of risks. 
In GIS environment maps of the geological-
geotechnical features, anthropic components 
and the risk sectors were generated according 
to the classifi cation criteria proposed by the 
Institute for Technological Research (Instituto 
de Pesquisas Tecnológicas IPT). According 
to this Institute’s methodology the degrees of 
risk are observed and classifi ed in four levels: 
from very low (R1) to very high (R4) risk level. 
The results of the research presented 21 areas 
identifi ed as very high risk, with approximately 
1320 dwellings on alert during periods of rain. 

Freitas (2013) presented results concerning 
to methodological procedures for the modeling 
of socio-environmental vulnerability using 
geo-technologies and present case studies 
in selected areas in Brazil and Portugal. The 
socio-environmental vulnerability mapping 
was performed for a set of 17 counties in the 



957Brazilian Journal of Cartography, Rio de Janeiro, Nº 67/5 p. 953-962, Aug/2015

Risk Mapping In Urban Areas: Methodological Essay 

Centre Region of Portugal and 20 Brazilian 
municipalities, through a census intended to 
fi nd indicative data concerning criticality and 
support capacity. The methodology adopted 
for the analysis of vulnerability was based on 
the studies about social vulnerability to natural 
and technologic risks for Portugal, having as 
reference the resistance and resilience capacity of 
populations and territories developed by Mendes 
et al. (2009) and Cunha et al. (2011). According 
to the analysis of the results, the author highligth 
the lack of economic dynamism from the 
counties and the aging of the population as main 
factors of socio-environmental vulnerability 
in the Portuguese context and in the Brazilian 
situation the main factors are associated to 
economy and urban violence. The results pointed 
the importance of the social and economic factors 
in the territorial differentiation of vulnerability.

These are some examples of the developed 
projects on the theme that allow observing the 
methodological possibilities in studies of risk.

3. MATERIAL AND METHODS

Preliminarily to the description of the 
adopted material and methodology in the project, 
the characterization of the study area is done. 
The choice of the study area is due to the fact of 
the intense urbanization of the municipality of 
Santos, founded in 1546 and located in the region 
of Baixada Santista with an area of 280,674 
km2, population of approximately 419,400 
inhabitants and population density of 1,494 .26 
(inhab/km2), according to the IBGE (2010). The 
municipality of Santos is located in the Serra do 
Mar, a set of cliffs that mark the eastern border 
of the Atlantic Plateau. Due to the topography 
and slopes variation, where a large part of the 
Atlantic forest areas are found surrounded by 
dense urban occupation, invasions and irregular 
constructions are historical.

Such areas of high contrast are considered a 
priority in the analysis of vulnerability of natural 
hazards. In addition, there is a predominance of 
trade and services in the economic activities of 
the municipality leveraged by the presence of the 
port of Santos, the country‘s main port, opened 
in 1892, whose movement, in 2013, surpassed 
the mark of 114 million tons, according to the 
Port of Santos (2014).

Figure 1 illustrates the location of the study 

area corresponding to the Sample Area selected 
in the municipality of Santos (SP).

The material used for the development 
of the study is related to: a. cartographic 
documents from the Brazilian Institute of 
Geography and Statistics (IBGE 1:10,000) 
and the Municipality (SigSantos 1:1,000); the 
map of mass movement risks, based on the 
mapping of risk areas on steepy slopes, with 
possibility of landsliding from the Technological 
Research Institute (IPT) 2012, was also used 
as a reference; b. Orthophotos prepared on the 
scale 1: 1,000, from the year 2010, produced 
by EMPLASA Company of Metropolitan 
Planning from State of São Paulo (Empresa 
Paulista de Planejamento Metropolitano); c. 
for the social and environmental vulnerability 
mapping, socioeconomic data were collected 
from the 2010 Census of IBGE; d. The computer 
programs: statistical program SPSS, GIS ArcGIS 
r. 10.2 and AutoCAD Map 3D 2014 were used.

The adopted methodology was divided 
in 3 stages, the fi rst one dealt with the social 
and environmental vulnerability mapping, the 
second one corresponded to the mapping of 
physical aspects and the last one was related to 
the thematic data integration into GIS for the 
sample area of the municipality of Santos SP.

3.1 The Socio-environmental Vulnerability 
Mapping 

The socio-environmental vulnerability was 
mapped having as reference the studies of Cutter 
(1996, 2011) which present integrating methods 
of risk exposure (physical vulnerability) and the 
people‘s propensity to risks (social vulnerability) 
for analyses based on local characteristics. The 
methodological procedure also refers to the work 
developed by Mendes et al. (2009) and Freitas 
and Cunha (2013) who adopt the criticality and 
the Support Capacity as parameters of the socio-
environmental vulnerability mapping through the 
use of GIS tools.

In this study, the social and environmental 
vulnerability was obtained for the municipality 
of Santos (SP) by defi ning variables concerning 
the support capacity and criticality obtained 
from the IBGE Census 2010 data. The map 
of socio-environmental vulnerability resulted 
from the product of the support capacity map 
with the criticality map, whose methodological 
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detail is available at Bortoletto et al. (2014). 
The data collection unit was the census sector, 
subsequently aggregated into neighborhoods.

3.2 Physical Aspects and Urban Land Use 
Mapping

At this step the urban land use and the slope 
maps were prepared and the mass movement risk 
map produced by IPT was selected.

For the elaboration of the Urban Land use 
Map the following activities were conducted: a) 
defi nition of 14 thematic classes of the urban land 
use and vegetation; b) interpretative analysis of 
digital orthophotographs from 2010, on 1: 1,000 
scale obtained from the  Company Emplasa 
using the program AutoCAD Map (Autodesk); c) 
vectorization and data conversion in GIS ArcGIS 
format (shapefi le); d) data exporting to ArcGIS; 
e) drawing up of the map of urban land use by 
adopting the UTM system and SIRGAS 2000 
Datum. It should be pointed out that the thematic 
class forest does not belong to the multi-criteria 
analysis for not characterizing a risk area.

For the Slope Map the following procedures 
were adopted: a. defi nition of the 6 classes of 
Slope; b. based on an altimetric representation 
composed of contours with equidistance of 
1 meter and elevations obtained from the 
project SigSantos from the local government 
the numerical model of the terrain (MNT) 
with triangular base (TIN) was drafted; c. 
transformation of the triangular model (TIN) 

to raster format; d. calculation of slope on 
the basis of the spatial analysis tools of GIS 
ArcGIS; e. reclassifi cation of the map in order 
to highlight areas with restriction for urban use 
(d> 30%) according to the Federal law 6766/79; 
f. preparation of the Inadequate Areas for the 
Urbanization Map, original scale 1: 1000.

The risk map produced by IPT in 
the Program of Technological Support to 
Municipalities (PATEM) and completed in 
2012 was elaborated taking into account the 
risk classes from very low risk (R1) to very high 
(R4) risk. For the sample area selected on the 
basis of the topographical features, the type of 
risk mapped corresponds to mass movement or 
hillside sliding risk.

3.3 GIS Integration of Thematic Data

At this step the maps of urban land use, 
slope, risk of IPT and socio-environmental 
vulnerability were selected, and the sample 
area was defi ned motivated by the population 
concentration in areas of high slope and high 
vulnerability associated with the highest risk 
classes of the mapping from IPT.

The methodology for the thematic data 
integration was the multi-criteria analysis, 
through the Weighted Linear Combination 
(WLC). This technique has been chosen due to 
its effectiveness in combining different factors, 
criteriously predefi ned, which correspond to 
attributes correlated with each other, all of which 

Fig. 1 - Location of the study area - sample area of Santos (SP).
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infl uencing individually and as a whole.
The advantage of technical flexibility 

regarding the assignment of weights for classes 
and for themes must be highlighted, which 
allows several possibilities of analysis, in the 
search of a cartographic representation that 
refl ects the local reality. After several attempts 
for adequate the weights to maps and thematic 
classes Table 1 was obtained which presents 
the fi nal confi guration of subjects, classes and 
weights adopted for the processing of data in 
GIS, generating the Synthesis Risk Map of the 
Sample Area of Santos SP.

Table 2 presents the percentages of area by 
each class of vulnerability for the sample area.

Table 1: Thematic maps, classes and associated 
weights in multi-criteria analysis

Thematic Maps, Classes and Associated Weights 

IPT Risk

(Infl uence: 
40%)

Weight

Slope

(Infl uence: 
10%)

Weight

R3 4 0-30% 1

R4 5 30-100% 4

Others 2 >100% 5

Vulnerabi-
lity 

(Infl uence: 
30%)

Urban Land 
Use

(Infl uence: 
20%)

Very Low 1 Forest 0

Low 1

Standard 
Housing and 
Buildings 4

Medium 3
Substandard 
Housing 5

High 4
Cultivation 
Areas 3

Very High 5 Grass 2

Other Uses 1

Table 2: Area (Km2) and percentage (%) of socio-
environmental vulnerability classes and urban 
land use of the sample area – Santos, SP

Socio-en-
vironmental 
Vulnerabi-

lity

Area 
(km²)

%
Urban 

Land Use
Area 
(km²)

%

Low 0.53 17.1

Standard 
Housing 
and Buil-
dings

2.36 75.5

Medium 1.20 38.4
Subs-
tandard 
Housing

0.19 6.0

High 1.06 33.9
Cultivati-
on Areas

0.07 2.3

Very High 0.33 10.6 Grass 0.14 4.6

Transport 
System

0.08 2.7

Port Area 0.02 0.6

Other 
Uses

0.26 8.3

Total 3.12 100.0  Total 3.12 100,0

It should be noted that once defi ned the 
weights and the infl uences of each thematic class 
the processing of data in ArcGIS was performed.

4. RESULTS

The results achieved with the research are 
presented in the format of thematic maps and 
tables. Figure 2 presents the Socio-environmental 
Vulnerability Map (2a), Urban Land Use (2b), 
Inadequate Areas for Urbanization (2c) and the 
Risk Map from IPT (2d). Concerning the Social 
and Environmental Vulnerability the original 
map scale is 1: 10,000.

Based on Figure 2A, that comprises 
12 neighborhoods and an area of 3.13km2 
from Santos SP, it is possible to observe 
a predominance of medium (38.4%) and 
high vulnerability (33.9%) classes. Very high 
vulnerability areas correspond to 10.6% of the 
total, and are located mainly in Morro Jabaquara 
and Morro Penha neighborhoods. The main 
factors that defi ne the vulnerability of the study 
area, in accordance with Bortoletto et al (2014) 
concerning the soci0-economic aspects:

[...] Neighborhoods that indicate very high 
and high vulnerability classes are those 
which have strong in� uence of variables re-
lating to the presence of children and youth 
(0 to 14 years of age), the elderly and the 
per-capita income. Concerning to territori-
al conditions infrastructure stand out vari-
ables including substandard housing and/
or precarious settlements. (BORTOLET-
TO, et al., 2014: p.14).
The predominance of factors related 

to children, senior citizens and to the weak 
infrastructure defi nes the Socio-environmental 
Vulnerability in the study area. 

In Figure 2B and table 2 for the Urban 
Land Use the predominance of conventional 
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buildings can be noticed, totalizing 75.5% of 
the sample area. The buildings that compose the 
substandard housing occupy 6.0% of the area 
and are mainly found in the Morro Pacheco, 
Morro Penha and Monte Serrat. The sum of 
these buildings occupies 81.5% of the sample 
area. Grass and cultivation areas which occupy 
5.9% of the sample area were also mapped. All 
other uses, for instance, public areas such as 
parks, gardens and avenues were grouped in the 
“other uses” class and correspond to 8.3% of 
the study area.

The map of Inadequate Areas for Urban 
Occupation, illustrated in Figure 2c, has the 
original scale of 1: 1000 and highlights areas with 
slope of 30% or more. Analysing the quantitative 
aspects of Figure 2 it is possible to observe that 
22.1% (0.7 km2) corresponds to areas unsuitable 
or inadequate for urban occupation. 

In the Risk Map prepared by the IPT, 
Figure 2d, high-risk areas (R3) predominate in 
9.9% of the study area, getting very high risk 
areas (R4) the steepest slopes, largely without 

the original vegetation cover, many of them 
irregularly occupied.

The Synthesis Risk Map presented in 
Figure 3 was obtained through the application 
of the Multi-Criteria analysis. The quantitative 
results of the generated map are exposed in table 
3, with areas in km2 and percentages (%) of risk 
classes.

Analyzing Figure 3 and table 3 it can 
be observed that low (51.7%) to medium risk 
(32.3 percent) areas predominate in the Sample 
Area. However, the areas of high (10.8%) and 
very high (0.8%) risk correspond to sectors 
with a predominance of buildings, mostly in 
precarious conditions (substandard). Looking 
for confi rmation of those results through the 
overlaying of the Synthesis Risk with the Urban 
Land Use Maps it is observed that the very high 
risk class (5) is composed of the built areas  
91.8% of which corresponding to substandard 
buildings.

The High risk class (4) is composed of 
20.5% of the built environment as precarious (or 
substandard) urban clusters or isolated buildings 
and 78.5% of conventional buildings. These 
results indicate the serious situation of buildings 
in areas identifi ed as very high risk class (5), 
which must be a priority in the mass movement 
preventive actions of public power. It can be 
observed that the Synthesis Risk Map illustrated 
in Figure 3 contributes to the expansion of 
risk areas mapped by IPT, bringing to the risk 
mapping the vulnerability determined for the 
area having as a basis the socio-economic data 
from the 2010 Census.

5. CONCLUSION

Based on the results it can be concluded 
that the methodology adopted for the mapping 
of risk areas supported by geo-technologies has 
effectiveness in the cartographic representation 
of the vulnerability. The combination of physical 
and environmental maps with the socio-
environmental vulnerability map contributes 
in the detection of the expansion of risk areas 
concerning to mass movement. The mapping 
originally produced by IPT is a reference that may 
have its use expanded through the combination 
with other physical maps, such as slope and 
urban land use, as well as socioeconomic aspects 
provided by the Census Bureau, which allows the 

Fig. 2 - Thematic Maps: 2a) Socio-Environmental 
Vulnerability; 2b) Urban Land Use; 2 c) 
Inadequate Areas for Urban Occupation; 2d) 
Risk Map from IPT.
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public administrator to guide planning actions 
with greater range and with compatibility with 
the social and economic reality of neighborhoods 
and urban sectors.

The GIS has allowed the development of 
database that can be continuously amplifi ed, 
with endless possibilities of analysis. The 
multi-criteria analysis proved to be a fl exible 
and reliable alternative in the processing of the 
physical and socioeconomic data collection, 
with potential to the mapping of mass movement 
risk. It should be noted that after applying the 
methodology for the sample area, we intend to 
conduct fi eld work to assess the results here 
obtained and perform replication for the entire 
municipality and other regions of the State of 
São Paulo - Brazil.

It is believed that the products developed can 
be basis for local, state and federal interventions 
with regard to socio-environmental risks in the 
urban areas. The applied methodology can be 
easily replicated for other regions of Brazil and 
the World, with similar behavior in society and 
the environment.
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