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Resumo

# compartimentacio fisiografica & mportante instrumento no planejamento urbano e na analise de nscos de areas monta-
nhosas, uma vez quedentifica areas onde processos eroswvos naturas s80 mais suscetiversa ocorrer de acordo com as caracteristicas
genlogicas e geomorfologices A Serra do Mar e wma regiio naturelments suscetivel & ocorréncia de movimentos de massa, espe-
cialmente escorregamantos, devidoprincipalmsnte a seu relevo @ clima, e, desta forma, estudos que correlacionam sgentes contro-
ladores (releva) e agentes desencadeadores (chuva) s fundamentais no desenv olv umento eficiente de programas de gerenciamento
territorial e deriseo Messe contexto, este estudo tem como objetive a analise da suscetibilidade a escarregament o das bacias dos rios
Magy e Pereque, em Cubat@o (880 Pauld), par meo da compartimentacio fimografica da regifio e da analise da infludneia do papel
da chuva e do relevo no desencadeamento de escarregamentos, de acorda com os eventos de 1985 e 1994 As umidades fisiograficas
foram separadas beseando-se em fotografias dreas, seguindo critérios geomerfomietricos como densidade de elementos de drenagem
e derelevo, amplitude e Gngulo de encosta A distribwiglo pluwiometrica fivy baseada emdados de cinco pluvidmetros que abrangem
g area de estudo Ceomoresultedo, sesunidades fisiograficas foram ndividualizadas, sendo aquelas da vertente norte do mo Mog: as
mais suseetivels a escorregamentos, especialmente a regiiio proxima a ares urbam e indudrial de Cubatao Essa mmor suscetibili-
dede pode ser atribuidaa seu relevo, com alta declividade e solos rasos, & shwidade antropics e, prinoipalmente, & concentracio de
chuvas /A compartimentagdo fisiografica, portanto, e ferraments importante no direcionamento de estudos de detalhe em areas de
grandes dimensdes
Palavras-chave: compartimentagio fisiografics; escorregamentos, Serra do Mar, distnbuigBo de chuvs; mov unentos de massa

Abstract

Physiographic compartmentalisation emerges as an important mstrument in urban planming and risk assessment of mountas-
nous areas, identifying reglons where natural erosive processes are more likely to ocour based on landform features The Serra do
MMar escarpments are naturally prone to landshde occurrences, due to its landform characteristics and climate, and studies that cor-
relate tnggenng Tanfall) with controlhing (landform) factors are fundamental in the development of urban planning and risk assess-
ment programmes. In this context, thus study aims toassess the landshide susceptibility of the Perequé and Mogi River watersheds, 1n
Cubstdo (&0 Paula), by compartmentahising the sudy area considering its plysiographic features and discussing the role of ramnfall
and landform on landslide initiation, sccording to the 1985 and 1994's landslide events Physiographic umts were separated based on
aerial photographs, followmg peomorphometric erntera such as water bodies and landform elements density, anphtude and slope
Famfall distribution was based on pluviometric data from five rain gauges that cover the area Six units were identified, asa result,
and those at the northern slope of the Mogi River exhibit higher susceptibility totriggering landslides This higher susceptibility can
be attributed to steep slopes and thin souls, anthropic actvities and, especially, rainfall emecentration Physiographic compartmenta.
lization, therefore, 15 en important auxthary tool providing groundwark for more detmled studies m finer scales
Keywords plyysographue comparbmentahisation, shallow landslides, Serra do Mar, rainfall distmbubion, mass mov ements
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1 Introduction

The physiographic compartmentalization of
mass movement prone areas emerges as an important
mstrument in urban planning and nsk assessment of
mountainous arcas, since it identifies regions whe-
re these natural erosive processes are more likely to
occur, based on geomorphological and geological
features of the landform. The prediction of mass mo-
vements occurrences represents great challenge to
the scientific community and, despite differences in
analytical perspectives on these phenomena, rainfall
is regarded as the main tngeering effect in regions of
tropical elimate (Tatizana er al., 1987; Crosta, 2004
Lopes et al., 2007: Petley, 2012). Several studhes as-
soctate shallow landslides and debris flows ocenr-
rences fo short-term and long -term rainfall episodes
(Lacerda, 2007; Chang et al., 2011; Wilkinson et al.,
2012; Nikolopoulos er al., 2015; Giannecchini er al.,
2016). It is, therefore, imperative more studies on
landform regponse to triggenng effects, identifying
beforehand potential nsks to avord or nimtigate socio-
economic damages.

Geomorphological and geological features of
the landform considerably affect slope stability and
are regarded as the main controlling factors in lands-
lides mutiation (Gramam, 2001; Lopes ef al., 2007).
At the Serra do Mar region, steep slopes that average
30-35° combined with intense rainfall rates make the
region highly susceptible to mass movements occur-
rences (Tatizana et al., 1987; Augusto Filho, 2001).
The geology, comprised mainly of weathering resis-
tant rocks such as migmatite and gneiss, influences
the region’s soil thickness, ranging from 1 to 2 m
(Waolle, 1988, Wolle & Carvalho, 1994; Gramani,
2001). Shallow landslides and debrnis flows are the
main erosive processes that naturally oceur on the
slopes of Serra do Mar, even in those that are not
directly affected by anthropicimpacts (Wolle, 1988).

Slope stability studies that correlate trigge-
ring factors, e.g. rainfall, with controlling factors are
extremely relevant, since they provide the founda-
tion for the development of risk assessment and risk
prevention programimes in mass movements prone
areas. In this context, this study aims to analyse the
1985 and 1994°s landslides episodes that occurred in
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the Pereque and Mogi watersheds, in Cubatdo (Sdo
Paulo State - Brazil), by compartmentalising the
study area according to pliysiographic features and
discussing how rainfall distribution and 1andform af-
fected landslides initiation.

2 Stady Area

The S#o Paulo state’s portion of the Serra do
Mar exhibits hich rainfall index, especially during
summer months (December to March) - averaging
2,630 mun anmually (Lopes et al., 2007). In Cubatio,
annual precipitation can surpass 3,300 mm and, in
localised small watersheds such as the Pedras basin,
the precipitation may reach up to 4,000 mm (Eanji et
al., 2008). This high rainfall index is strongly asso-
ciated with mass movements occurrences, which re-
cords are commonly observed in the region’s history.

In January 19835, landslides in Pereque Ri-
ver’s watershed caused intense mobilization of slo-
pe material into the river channel, which generated
mud and debns flows that reached great distances
and caused severe damages (Lopes et al, 2007).
Simularly, 11 February 1994, thovsands of shallow
landslides on Rio das Pedras’ slopes, part of Mogi’s
watershed. originated debris flow that hit “ Presidern-
te Bemardes™ refinery, from the Brazlian oil com-
pany Petrobras, causing a halt in the refnery activity
and 40 millions US dollars in damages (Lopes et al.,
2007). Figure 1 shows the location of the study area,
eastern part of Cubatio encompassing both Pereque
and Mogi watersheds.

The region is at the transition of two Geomor-
phological Provinces: the Atlantic Platean Province
(Frovinecia do Planaite Atldntico) and the Coastal
Provinee (Frovincia Costeira) (Almetda, 1964). In
the Atlantic Platean, the Small Hills Landform i1s
found (Relevo de Morrotes], where rounded land-
forms dominate, with amplitude of less than 50 m
(Paula et al., 2008). In the Coastal Province, there
are two separate landform systems within the Serra
do Mar Escarpments: Festooned Escarps (Escarpas
Festonadag), that comprise the actual Serra do Mar
escarpment. and Interdigitated Escarps and Peaks
(Espigdes Interdigitados), which resulted from flu-
vial erosion of the main escarpment (Festooned Es-
carps) and are interdigitated with the Atlantic Platean
Provinee (Pongano ef al., 1981: Paula et al., 2008).
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Figure 1 Location of the study region. UTK, datum STEGAS 2000, 238 zone

Cubatido is located within the Mantiqueira
provinee, which 1s divided into three Orogeme Belts
— Aracuai, Tijucas and Ribeira— and it1s in the con-
text of the Ribeira Belt that the study region is in-
serted (Hasui, 2012). The Ribeira Belt is comprised
of two blocks: at north, JTuquitiba Block, where the
Agungui Group (Upper Proterozeic) dominates and,
at south, Costeiro Block, with Costeiro Complexro-
cks (Archean), with the Cubatio shear zone sepa-
rating the two blocks (IPT, 1986). Figure 2 shows
the geological map of the study region, based on the
mapping made by TPT (1986).
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3 Materials and Methods

The materals employed in this study were:
aerial photographs and ortophotos of the study area,
Cubatdo’s topographic and geological maps (Table
1). The region’s rainfall data were obtained from
the Rainfall database of the Department of Water

and Enersy (DAEE — Departamento de Agua e

Energia) of the Sio Paulo State. The landslide scars
extraction and pliysiographic compartmentalization
were based on the photoanalysis and photointerpre-
tation methodologies.
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Frgure 2 Geological map of the study region, based o IPT (1936) UTHL datim STRGAS 2000, 238 zone

3.1 Cartographic Products

Based on the topographic map with 20 m con-
tours, the digital elevation model (DEM) was created
with aresolution of 25 m (Hengl, 2006) in Universal
Transverse Projection (UTM), datum STRGAS 2000
- 238 zone. The ANUDEM interpolation method
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was used in DEM creation. In order to avoid ervors
due to the resolution of the data, sinks and peaks
were addressed using the geoprocessing software’s
tool “Fill” of the extension “Spatial Analyst Tool™.
The DEM acted as the foundation for the ereation of
the curvature and slope maps. The slope map classi-
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Material Gcale Source Year
830 Paulo State
Metropohtan Planning
Ortepho- Compary (Empresa de
tos gk Mlanzamenio metrops- —
iitanc do Eslado de 530
Paule - EMPLASA)
Technelogieal Resear- 1685
Aenal : ohimstiute insttute de i}
Photographs L5000 Pesquises Bg”g“
Tecnolemoas -1PT) 1984
Technological Resear-
Geological gh Irsti e (Iretiute de
a3
Map {,25,000 Pesquisas 1986
Tecniolfgloas - IPT)
Brazilizn Instiule of
Geography and Slalsi-
Tuptrljraphlc 150000 | cs (nstiuo Brasdein de
ap Geografiae
Eslatislica - IBGE)
B30 Paulo Stale Waler
Rain and Eneryy Department 1885
Gauge - {Deparlamento de Agua and
Data e Energia do Estade de 1904
S0 Paulo - DAFE)

Table 1 Material employed m this study

fied the region into 5 slope range classes: 0° - 59, 5°
-15°,15°-30°,30° - 45° and 45° - 63°, which best re-
present the overall slope declivity distribution of the
study region. The curvature map was created throu-
gh “curvature™ tool, classifying the region’s slope
into three types: concave, straight and convex.

The rainfall distribntion map was construe-
ted based on the data from seven rain cauges that
cover the study region, analysing rainfall pattern of
the 1985 and 1994 mass movements events. These
maps were made using sunple linear interpolation,
classifying six different classes through natural bre-
aks. The accumulated rainfall for January 22 and
237, 1985, was 265 mun and for February 6% and 7=,
1994, was 377 mm. Curvature, slope and rainfall
distribution maps were fundamental in the characte-
risation of the study region and. hence, in the physio-
graphic compartmentalisation.

3.2 Photoanalysis and Photointerpretation

The identification of landform features and
landslides scars of the landslides events was based
on ortophotos and aerial photographs, respectively.
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The visnal photointerpretative critenia in landslide
scars recogmtion were: lack of vegetation, characte-
ristic morphelogy (elongated; length superior to wi-
dth) and drainage conditions of hill slopes (Soeters
& Van Westen, 1996; Moine et al., 2010). 1679 and
542 landslide scars were extracted from the aerial
photographs of the 1985 and 1994 events, respecti-
vely, as shown in Figure 3.

The physiographic compartmentalization
is based on an integrated analysis of the landform,
using landscape patterns as reference standards (Fer-
nandes-da-Silva et al., 2010; Zaine 2011). Recent
studies have applied physiographic compartmentali-
sation in environmental and territorial management
(e.g. Cardoso et al., 2009; Silva et al., 2010; Zaine,
2011; Cérrea et al., 2014; Pilachevsky et al., 2015;
Amaral et al., 2015). The procedures for the physio-
graphic compartmentalisation in this study are based
on Zaine (2011), which follows the steps of photoa-
nalysis and photointerpretation.

Photoanalysis consists in the division of an
arca based on relief elements and the geology, wluch
control the landform response to erosive processes.
The analyses of the shape, texture, and structure of
the landform elements were considered as reference
for the delinutation of the different compartments,
following the propositions of Zaine (2011) (Figure
4). The geological aspects used in the compartmen-
talisation are based on the geological map of Figure
1. Photointerpretation consisted on the assimilation
of the data obtained from photoanalysis, judging
their significance (Colwell, 1960) and, as a result,
supporting the nsk assessment o f each compartment,
according to mass movements suscephbility and so-
cineconomic damages.

The classification chart (Figure 4), based on
Zaine (2011), considers the textural density (drai-
nage and landform elements), form and slope cha-
racteristics, geological structures and complemen-
tary data, such as land-use and landform processes
susceptibility. According to Soares & Fion (1976),
photoanalysis 15 the association and ordering of the
observed features and photointerpretation 1s the as-
sessment of the meaning, funetion and relationship
between those features.
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4 Results lides. Rainfall distnbution during Tanuary 22°¢ and
4.1 Rainfall distribution 2371985, shows that ramnfall was concentrated at
the central and northeastern part of the study area,
where the density of landslides scars is higher. Si-
role in landslide inifiation. When comparing rainfall milarly, rainfall distribution from February 6“ to 7%,
distribution of the 1985 and 1994°¢ landslide events 1994, shows higher rainfall index at the southwes-
(Figures 5 and 6) with the landslide scars maps, it tern part of the study area, where landslide scars are

At the study region, rainfall plays a major

18 evident the rainfall influence in tnggenng lands- also concentrated.
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4.2 Physiograplic Compartinentalisation

Six (6) physiographic mits were 1dentified
(Figure 7), based on the criteria from Zaine (2011),
and Figure 8 exhibits the photoanalysis and photoin-
terpretation results that individualised each compart-
ment. Moreover, Fieure 9 shows the concentration
of landslide sears according to each of the physio-
oraphic units. Unit 4 and, especially, unit 5 exhibit
higher concentrations of landslide scars withun the
study region — both encompassing the northem slope
of the Mogi River, within the Juquitiba Block.

In umt 1, the drainage density 15 medium to
high, since itis on the pathway to the flinnal system
discharge into the ocean, and landform elements
texture density islow. The amplitude is very small,
due to the lack of slopes or hills in the umt. Unit 1
is within the Coastal (Costeira) Geomorphological
Province and the geology is comprised mainly of
colluvial and allivial depoesits (Qc, Qb, Qp). Due
to its plam relief, Cubatfo’s wban and industrial
area 15 located within this unit, including Petrobras’
oil refinery.
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Figure 8 Fhysiographic compartmentalisation criterta of each unit

Unit 2 15 within the Costal province and exhi-
bits a medium to low drainage system density and
landform features texture. Amplitude is very high,
ranging from 100 m to 1000 m, and the form of slo-
pes is mainly straieht. Geology 15 comprised of ig-
neous (PSEOY, PSEOYt) and metamorphic (AcMp,
PSEOM) rocks. The potential for mass movements
initiation is high, especially shallow landslides, due
to steep (L5° — 30°), straight slopes with thin layers
of soil/unconsolidated materials, Within vmt 2 1s
located the MRS logistics company’s railway, as
well as the abandoned fmicid ar railway, that can be
affected by these erosive processes.

Uit 3 comprses the 1solated hills of the
study area and exhibits low dramage system den-
sity and low landform elements texture density. Its
amplitude is medium, ranging from 20 m to 220 m,
with comvex slopes and confined valleys. The wut
i within the Coastal Province and the geology is
comprised of metamorphic rocks (PSpX, AcMeg).
The potential for mass movements imtiation 1s high
and these processes can affect portions of urban and
industrial areas, due to industries located at the foot
of these 1solated lulls and the proximity to umt 1.

416

Uit 4, at the northern slope of the Mogi River,
presents high density of drainage system and high
landform elements texture density. With high ampli-
fude (100 m to 900 m) and steep (30° — 457), mainly
convex slopes, its potential to mass movements ini-
tiation 15 very high. Unit 4 15 also located within the
Coastal Province and the geology is comprised of
high-grade metamorphic rocks (AcMn, PSeMc). No
industries, infrastructures or wban penmeters are
located within this unit nor can be affected by the
unit’s erosive processes directly.

Stnular to umit 4, wut § exlubits hugh drainage
system density and landform elements texture, hich
amplitude and steep slopes. Slope forms are more
vared, exlubiting convex, straight and concave slo-
pes: It is also located within the Coastal Province
and itis comprised of ligh-grade metamorphic rocks
(A cMn, PSeMe, PSpC). Mass movements” initiation
potential is very high and smce several industries
are located at the foot of this unit, as well as several
infrastructures (pipelines, highways, hydroelectric
power plant) within, mmt 5 15 lughly susceptible to
sociocconomic damages.
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of the study region
Unit § concentrates
landslide scars

Total area: 86,87 km?

Unit 6 is the only physiographic unit within
the Atlantic Plateau Province and it exhibits low
drainage system density and landform clements tex-
ture. The amplitude 15 low, with convex slopes and
confned valleys. Itis the smallest unit of the region,
at the head of the Mogi watershed, and is compri-
sed of high-grade metamorphic rocks (AcMn). The
potential for mass movements mitiation is low and
there are no urban or industnal areas witlhun the umt,

S Discussion

When analysing and comparing the distribu-
tion of ramnfall and landshdes scars from the 1985
and 1994 events, it 15 evident how rainfall plays a
major role in landslide initiation in the Serra do Mar
escarpments. The higher concentration of landsli-
des scars inunit 4 and 5 are intrinsically related to
rainfall patterns shown in figures 5 and 6. Unit 2,
comprising the southern slopes of the Mogi River,
exhibits a significantly lower landslide scars density
than the northern slop e nnits, even though it presents
similar landform and geological characteristics and,
hence, geotechnical beliaviour.

The greater susceptibility of units 4 and 5 are
also related to its landform features, 1dentified and
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individualised using the photoanalysis and photoin-
terpretation. Steep slopes. with straight/convex for-
ms, high infiltration rate and thin soils contribute fo
landslides 1mtiation sosceptibality, though ranfall
appears to play a more direct and intense role as a tri-
geering factor. Unit 5 stands out in the region, due to
the greater concentration of landslides scars and the
presence of imp ortant industiies and nfrastructure.

The greater susceptibility of unit 5 can be rela-
ted no onlyto rainfall patterns and landforn features,
but also to anthropogenic activities. Air pollution,
for instance, can affect negatively the swrounding
vegetation (Katz & Shore, 1955; Klumpp et al.,
1996; 1998) that, in turn, can reduce soil’s strength
leading to slope failure. More detailed studies, there-
fore, must be concentrated at unit 5, considering an-
thropogenic influence on landslide susceptibility, as
well as rainfall patterns encompassing a wider range
of mass movements events.

Virtually almost all of the compartmentalised
units are highly suseeptible to mass movements” ini-
tiation, as shown in figure 8. Units 2 and 3 are also
lighly susceptible to mass movements, as is inter-
preted based on photoanalysis. The average depth of
the Serra do Mar escarpments’ soils are estunated at
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1to 2 m, according to Wolle & Carvallio (1924), and
the measured total porosity of soils in the escarp-
ments is 65% (Vieira et al., 2015), which 1s coherent
with photomterpretation. If rainfall patterns, there-
fore, were concentrated at wut 2 or 3, the density of
landslide scars in these units would be much higher.

Another parameter that greatly controls slope
stability is water table depth (Morgenstern, 1963;
Lane & Gniffiths, 1967; Jia et al., 2009), which is
difficult to 1dentify using remote sensing techmques
such as the physiographic compartmentalisation,
However, the anisotropic and heterogeneous nature
of soils, especially in tropical, admits many hydrau-
lic discontimuties that significantly influences slope
failure (Campos et al., 1992; Brugger et al., 1997,
Terlien, 1997; Gerscovich et al., 2006), which even
in situ geological-geotechnical mapping cannot ac-
count for.

The identification of different geotechnical
characteristies of the landform uvsing physiographic
compartmentalisation 15 of great interest in diffe-
rent activities and applications, such as engineering
design and slope stability studies. Studies based 1n
photoanalysis and photointerpretation, however,
must be considered starting points for more detailed
studies. Through the physiographic compartmentali-
sation, there 15 a better understanding of the overall
processes that oceur in a region, according to parti-
cularities of the terrain.

6 Conclusions

Based on the criteria established by Zaine
(2011), six physiographic units were identified, ai-
ding the landslide susceptibility assessment of the
Perequé and Mogi watersheds in Cubatfio, Sdo Paulo
— Brazil. Most of the study area 1s naturally prone to
mass movements imtiation due to Cubatio’s develo-
pment at the foot of the Serra do Mar escarpments.

Nonetheless, when comparing the pliysiogra-
phic compartmentalisation with rainfall distnbution
patterns of the 1985 and 1994°s landslide events,
the northem slope of the Mogi River valley exhibits
higher susceptibility, especially unit 5. This higher
susceptibility of unit 5 can be attributed to its ply-
siographic features, with steep slopes and thun soils,
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and anthrepogenic activities, especially air pollution
that can affect negatively soil’s strength.

Landform characteristics, such as steep slopes
with straight/convex forms, high infiltration rate and
thin soils, contribute to landslides initiation suscep-
tibility, though rainfall appears to play a more direct
and intense role as a tnggenng factor. More detailed
studies, therefore, must consider anthropogenic in-
fluence onlandslide susceptibility, as well as rainfall
patterns encompassing a wider lustorical range of
mass movements events on umt 5,

An overview of how landform features and
climate interact is very important when applying the
physiographic compartmentalisation on landslide
suscephbility studies. Physiographic compartmenta-
lisation is an important instrument in urban planning
and rigk assessment of mountainous areas, providing
an overview of the landform response to clumate and
erosive processes. It 1s, therefore, an muxiliary tool
providing groundwork for more detailed studies.

7 Acknowled gments
The authors would like to thank Brazl’s Na-

tional Counecil for Scientific and Technological
Development (CNPq) and the Foundation for the
Development of UNESP (FUNDUNESP) for the

financial support.

8 References

Alneida FFM 1964 Fundamentos geologicos do rele-
vo paulista Boletmy do Instiiio Geogrdfico e Geologien,
41:169-263

Amaral, AMEC ; Reis, FA GV, Chordano, L2 Coréa, VS
& Chaves, O.J 2015 Cempartmentagio fimografica
pels enelise mtegrada estudo de caso no nmmicipio de
Casa Branca (8P) Geologiz USP Sene Clantifica, 15
15-28:

Supusto Fitho, © 2001 Carta de risco de escormegamentos
quaitificada em ambiente de 813 como subsldio pam
Planos de segum em diegs wrbanas! Um ensaio em
Caragriatatuba (§F) Programa de Pos-graduscdo em
Ceocienoies e Meio ambiente, Universidade Estadual
Paulista “Filo de Mesquita Filho", Tese de doutorado,
166p

Brugger, BT, Ebrlich, M & Lacerds, Wi 1997 Movements,
prezomietric level and ramfall at two natural slopes fn
CONFERENCIA BEASTTEIRA SOBRE ESTABRII
DADE DE ENCOSTAS- COBRAF. 2 & BAW AWME.

Anuario do' Instituto’ de Geoclénclas - UFRJ
ISSN 0101-8758 e-1S5N 19823808 - Vol 42-2/2018 p ABF-420



Assessment of the Influence of Raintall and Landform on Landslide |nitiation Using Physiographic Compartmentalisation
Victor Carvalho Cabral, Fabio Augusto Gomes Viaira Rels, Vinicius Veloso,
Claudia Vanessa Santos Cames Caroling Martinez Mendozs, Natélia R afaslaAlmeida & Lucilia do Carmo Giordano

RICAN EYMPOSIOM ON LANDSLIDES, 2Rio de
Janewo,p 13-20

Campos, TMF, Vargas Jr, E A & Eisenstamn, Z. 1991 Consi-
deragtes sobre o processo de instabilizacio de encostas
a1 solos ni-saturados no Rio de Jansiro Iny CONFE-
RENCLA BEASILEIR A SOBRE ESTABIIIDADE DE
ENCOSTAS, 1, Rio de Janewrs, 1992, p 741-755

Cardoso, D, Biedel, P8, Vedovello, B, Brollo, M J & Tomina-
ga, L.E 2009 Comperbmentacio fisiografica do mumi-
cipio de Periibe, Iitoral de 88c Paulo. - uma sbordagem
metodologica como subsidio a avaliaglo geoteemica de
terrenos Pesquisa em Qeociéncias, 300 251- 262

Chang, ©W, Lin, P3. & Tsm, CL 2011. Estimation of sedr-
ment volume of debns flow caused by extreme ramfall
in Tarwran Engineermg Geology, 123 83-80

Colwell, RN 1960 Manual of Photographic Interpreta-
fion American Society of Photogrammetry, Washin-
gton, 868 pp.

Comrea, OV.E, Rats, FAGV, Ghordano, .C. & Buato, HD
2014 Emprego de {gcnicss de sensoremento remoto na
compartimentacio fisiografica da regifo abrangida pelas
folhas topograficas Sfo Jose dos Campos e Jacarel (SF)
Revista Brasilerra de Cartografia, G6: 1281-1294

Crosta; & 2004 Introduction to the specialissue on ramfall-tn-
gzered landshdes and debris flows Engmeermg Geolo-
273191192

Fernandes-da-Silva, PC |, Vedovello, B, Farewa, C.J, Cripps,
JC, Brollo, M T & Femandes, AT 2010 Ges-ermr-
ronmental mapping using physiographic analysis cons-
tramts on the evaluahion of land instability and groun-
dwater pollution hazards in the Metrop olitan District of
Campmas, Brazil Bwrronmental Earth Sciences, 6fc
1657- 1675

Gerscovich, DM S 2012 Estabilidade de Taludes 580 Paulo
Oficina de Texto, p 158

Chammecclhuny, B Galant, ¥, Avanzy, 3D & Parsanti W
2016 Probabilistie ramnfall thresholds for tniggermg de-
bris flows in a onan-modified landscape Geomorpho-
logy, 257 94-107

Qramani, MF 2001 Caractercagdo geoldgica-geotechica das
cormidas de dztritos { “debris flows™) no Brasi! e com-
paracdo con alguis casos nternacionals Progmma de
Pos-graduacio de Escola Politéonica, Unwversidade de
S&o Paulo, Dissertago de Mestrada, 372 p

Hamu, ¥ 2012 Sistema orogenico Mantiqueira. it HLASUL Y,
CARWNEIRD, CR , AIMEDA FM & BARTORELL],
# (Orgs) Oeologia do Brasil Editora Bece-Ball, p
331-371

HENGL, T 2006 Fmding the rght pixel size Comprters and
Oevsciences, 33. 1283-1298.

FT - Instituto de Pesquisas Temologices do Estado de S8o
Peulo 1986 Programs Sera do Mar — levantamentos
basicos nas folhas de Santos e Riacho Grande, Estado
de Sfo Paulo In Relatorio de estudos geol dgicor e geo-
maorfoldeicos, 880 Pauln, 120p

Na, 3°W, Zhan, TL T & CHEN, Y M 2009 Performance of a
large-scale slope model subjected to rismg and lowermg
water levels Engmesrmg Gealogy, 100 (1-2): 92-103

Kanp, M A; Cruz, PT & Massad, F 2008 Debnis flow affecting
the Cubatéo oul refinery, Braml. Landsindes, § 71-82
Eatz M & Shore; V.C 1955 Aur Pollutien Damage to Vegeta-

Ariuario do' Imstituto de Geocldncias - UFRJ
ISSN 0101-8753 ‘e 8SN 1282 3608 - Vol 42-2/2019 p A07-420

tion Jowrnal of the A Pollution Control Association,
330 144182,

Flumpp, &, Dommngoes, M & Elumpp, @ 1996 Fluonde inn-
pact on native tres species of the Atlantic forest near
Cubatlo, Brazil Water, Air ared Soil Pallstion, 87: 57

Elumpp, &4, Domingos, M, de Merges, E M & Elimpp, G
1995 Effects of complex arr pollubion on free species of
the Atlantic Ram Forest near Cubatds, Brazil Chemgs-
Phers, 36 989.994,

Lacerda, W 2007 Lendshde imtiabion i saprolte and collu-
vitim n southemn Brazil: Field and laboratory observe-
tions. Geamorphology, 87 104-119

Lane, Pée & Onffiths DV 2000 Assessment of stability of
slopes under drawdown emmditions Jouwmal of Geofe-
chitcal and Ceoenvironmental Engreering, 120(5)!
443450,

Lopes, EZS | Rigdel P8, Bento C M, Ferrewa, MV & Na-
lato, L 2007 Inventano de escorregamentos natu-
rais em banco de dados geografico - analise dos fatores
condisimantes na regido da serra de Cubatio — 8P In
SMPOSIC BRASILEIRC DE SENSORIAMENTO
REMOTO, 2007 Anms, Foranopols, Santa Catarma,
p 2785-279%

Moine, M, Puissant, & S Malet, TP 20092 Detection of landsh-
des from aenal and satellite mnages with & semu-autona-
tic method Applicalion to the Barcelommette basm (Al
pes-de-Hautes- Provence, France) fi: LANDSLIDE
PROCEISES - FROM GEOMOREPHOLO GIC MA.-
PPING TO DYNAMIC MODELLING Strasbourg,
France, p.63-68

Morgensten W E 1963 Stability charts for earth slopes durmg
rapid drawdown Gecteciiuigue, 13720 121-131

Mikolopoules, ET, Barga, M|, Crevtin, JT & Mara, F 2015
Estimation of debns flow tmggermg ramfall Influence
of ram geuge density and interpolstion methods Ceo-
morphal ogy, 243 40-50,

Paula, T, Zame, JE ; Luna, M & Olivers, E. 2008, Analise fi-
siografics aplicads a elaboregio de mapa geclogico-geo-
temico de regifo da Serrs do Mar e Bareada Santiste
Geociéneias, 27 249-264

Petley, D 2012 Glabal patterns of loss of life from landshides
Creology, 400 927-930

Pilachevskoy, T, Beis, FA GV, Giardano, .2, Maszars, 5 A
& hlacedo, JGC 2015 Compartimentagéo fisiografica
aplicada ‘ao planejamento ambiental terrtoral estudo
de caso no municipio de 380 Jodo da Boa Vita (SF)
Revista Brasidelra de Cartagrafia, 67: 83-96,

Poncano, WL, Camero, CDE ; Almerda, FFM & Prandim,
FL 1931 Msape geomortologieo do Estado de Bio Pau-
lo: Escala: 1:500.000

Santos, AR 2004 A grands barremra da Serma do Mar: da tritha
dos Tippigris & rodovia dos imigrartes 3o Paulo O
Wome da Rosa, Brazil, p 122

Silva, PCF | Vedovello, R, Ferreira, C.J, Cripps, 7O, Brollo,
W37 & Farnandes, A.J 2010 Geo- emvirommEtal ma-
pping usmg physiogrephic analysis condramts on the
evaluation of land metability and groundwater pollution
hazards in the Metropelitan District of Campmas, Bra-
21l Environmental Barth Sciences, 61 1657-1675

Soares, P 2 & Fior, AP 1976 Logics e sistematicans analise e
mterpretagio de fotografies aereas emgeologie: Noficu
Creomorfoldgica, 32:71-104.

419



Assessment of the Influence of Rainfall and Landform on Landslide Initiation Using Physiographic Compartmentzlisation
Victor Carvalho Cabral Falic Augusto Gomes Vielra Reis, Vinkius Vielosg,
Clatidia Vanassa Santos Carrea, Caraling Martinez Mendoza, Natalia Rafaela Almeida & Lucilia do Canmo Glordan

Soeters, B, & van Westen; C.J 1996 Slope Instahility Recog-
mtion Snalysis and Fonabion In TUEMER, ET &
SCHUSTER, R L. (Eds) Lewdslides: Investigation and
Muigation. Washington DC Transportation Research
Board National Ressarch Councl, p 1259-177

Tatizana, ©', Ogura, AT, Cem, LE & Rocha, M C M 1957
Andlise da correlago anbe chuvas ¢ ssocomegamentos
na serre do mar, Tumeipio de Cubatin. S CONGRES-
S0 BRASIEIRC DE GECLOGLA DE ENGENHA-
RIA, 2, 880 Paulo, 1987, Anais, 380 Paulo, p. 225-236

Terhien, M T T 1987 Hydrological landshde triggenng in ash-
-covered slopes of Mamizales (Colombia) Geomorpho-
logy, 20: 165175

Views, B.C, Ferrewa, F5.G & Villaga, M C 2015, Proprieda-
des fisicas e ludrelégicas das solos e o5 escomegamen-
tos rasosna Serra do Mar paulista Revista Ra'e Ga - O
espeico gege rdfico em andlige, 24 269-287

420

Wilknson, PL, Anderson, MG & Liloyd, DM 2002 An m-
tegrated hydrological model for ram-mduced landshide
predichion. Farth Surfitce Processes and Lavidforms, 17
12851297 '

Wolle, O 1988 dwdlise dos escorregamentas translacionais
e fegido da serng do mar no cantext o de wma clas-
sificapdo de mecamsmeas de nstabicagdo de encosta
Programe de Pos-graduacio da Escola Politermica - Unt-
versidade de 38c Paulo, Tese de Doutorado, 480p

Wolle, C W & Carvalho, C.8 1994 TaludesWahwais fn FAL-
CONI, F F & JUNIOR, & X (Org), Solas do Litoral
¢le 8dp Paulo. Sdo Peulo: ABME, p. 180-203

Zame, JE 2011 Meodo de fotogeclogie aplicado a estudos
gedligico-geotéchicos: ensaio em Fogos de Caldas,
Mi¥ Programa de Pos-praduagio em Geocienmas e
Mew Ambients, Unwersidade Estadual Paulista -
UNESE Lwre-Docéhots, 97p

Anuario do' Instituto’ de Geoclénclas - UFRJ
ISSN 0101-8758 e-1S5N 19823808 - Vol 42-2/2018 p ABF-420



