PETRÓPOLIS. BRAZIL

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT

PETRÓPOLIS. RÍO DE JANEIRO. BRAZIL

OPPTA DEBATE

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
OPPTA proposes reflection on how to repopulate an informal urban grid and reforest an environmentally protected area, both under threat, considering the project in
progressive phases of growth and degrowth to stabilise
the balance between constructions and the environment.
The coexistence of sustainable development and environment preservation is the only way for territorial development in populations with fast and informal growth
dynamics, built in areas with environmental conditions
of high ecological value, complex geomorphologies and
recurrent climate events of high intensity. It will be necessary to mediate and develop participative processes
which minimise pressure on the environment, guaran-

teeing the coexistence of human interventions and the
environment.
How must growth be planned, in terms of sustainability, in order to guarantee planned models, coherent with
the surroundings in which they are located? What spatial and programmatic proposals can be suggested for
environmentally protected areas, as well as those suffering floods, in order to favour and benefit the population
while improving the human-environment balance? What
mechanisms, on a infrastructural and facility level, are
the most adequate to safeguard the inhabitants’ quality
of life and the habitability of risk areas?

How can environmental balance be reached, limiting the
pressure on the natural environment while at the same
time allowing its coexistence with urban growth? Which
recovery, reforesting and rebalancing measures can be
implemented in protected natural areas threatened by
anthropic phenomena?
How can participative interventions be promoted and encouraged, on a local scale, for human and natural habitat
recovery and which stimulate their coexistence in these
areas facing risks? What should they be like, these participative models of neighbourhood, professional and governmental organisation which will guarantee the most
adequate growth models?

Madame Machado. High zone. R-A Road
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HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
On the 11 and 12 January 2011 the prefecture of Petropolis located in the Serrana Region, Rio de Janeiro State,
suffered rainfalls of unprecedented intensity. These caused the overflowing of rivers and landslides, and consequently the flooding or collapse of hundreds of homes.

STRATEGIES FOR OPPTA DEBATE:
LOCATION:
POPULATION:
AREA OF REFLECTION:
INTERVENTION AREA:
OPPTA OBSERVERS:
COLLABORATORS:
INSTITUTIONS:

The site location proposed by OPPTA, Madame Machado, is located in the third district of Petropolis, Itaipava.
The most affected areas were the Cuiabá valley and the
Madame Machado neighbourhood, respectively suffering floods and landslides which caused deaths, injuries
and displacements.

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
MADAME MACHADO. District III Itaipava. Prefeiture of Petrópolis. Río de Janeiro State, BRAZIL
Madame Machado 4228 inhabitants. Total population District III Itaipava: 13.843 (census IGBE-2010)
16,8 ha
41,2 ha
GUILHERME WISNIK, ISABEL MARTíNEZ ABASCAL
RACHEL COUTINHO (Universidad Federal Río de Janeiro) and MARCELA MÁRQUEZ ABLA
SERGIO ABLA (APA Petrópolis), BRUNO HENRIQUES COUTINHO (Mosaico Ambiental) and EMBRAERO (Aerofotografía Ltda.)
PREFECTURE OF PETRÓPOLIS (Gabinete do Prefeito, Coordenadoria de Estudo Constitucional do Instituto Julio Frederico Koeler)
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The phenomenon was of an intensity unheard of, des- verbanks, replaced by buildings, and the disappearance
pite being a recurrent event due to the strong summer of the protective vegetation from the hills.
rains, typical of the region, between the months of December and March. Previously, in 2008, another event This situation repeats itself over the 102 risk areas loof exceptional proportions also devastated particular cated in the Prefecture, as well as in most of the mesectors of the Prefecture, including Madame Machado.
dium sized Brazilian cities, suffering from an urban ocThe severity of the last disaster must mark an inflection cupation which, most of the time, is inappropriate for
point which will condition the future of the area, given the landscape and environmental characteristics. This
the far-reaching social, economic and urban consequen- model, which has reached predatory levels many times,
1. ESCALA
DE DISTRITO
ces linked to the vulnerability
of the environment.
Part has contributed to the loss of urban and environmental
of the problem arises from the loss of habitat on the ri- identity, damaging the economy and image of the city.

This view is shared by society, civil and professional
organisations and by the Government of Petropolis,
which is trying to provide the municipality with tools
to redirect the development towards more sustainable
and environmentally feasible bases.
Therefore it is necessary to restructure informal fabrics
in order to consolidate them as formal, recovering the
surrounding natural environment, normally of enormous
ecological value, to guarantee a mutual balance and in
this way reduce the pressure they exert on each other.
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HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
We will analyse the general context of the Petropolis Prefecture in terms of historic growth and its socioeconomic,
cultural and environmental dynamics in order to understand the problematics, transferable to the whole region.
Madame Machado is a “workspace”, part of a larger issue,
in a region where there are 102 areas of risk. The debate
must be extended to the whole region and be treated on
a territorial planning level.

HISTORIC EVOLUTION OF THE MUNICIPALITY
The origin of the settlements in Petropolis is based on
forms of land occupation and economic activities developed from the concession of sesmarias*, awarded at
the beginning of the colonial period, as well as on the
forms of circulation and appropriation of these lands by
the population settling in them.
The three main communication arteries, together with
the opening of new roads, were what enabled commerce and the transport of goods, mainly the transport of
gold from the Gerais Mines to Rio de Janeiro and from
there to Portugal.
Officially the city was not founded until the 16th March
1843, despite previous colonisations. On the 30th April
1854 the emperor Don Pedro II and the empress Doña
Leopoldina officially inaugurated the railway line in Petropolis. The city became the favourite summer holiday
area for the imperial court and then, with the exile of
the imperial family following the proclamation of the
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Republic, Capital of State from 1894 to 1903, and from
1904 onwards, it was also the summer residence of the
presidents of the Republic.
The first asphalted road in the country, known as Washington Luiz, was inaugurated in 1928 and it linked Rio
de Janeiro with Petropolis, contributing to the industrial
development of the region. In 1853 there were already
various industries and due to the natural growth of the
industrial activities the population also grew rapidly.
During the period between 1900 and 1930 there was a
considerable increase in the manufacturing sectors (first
textile and in following decades clothes, footwear, etc.).
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Neighbourhood division in the Koeler Plan, Imperial Villa of Petropolis, 1846
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During the history of the occupation of the Area of Environmental Protection of Petropolis, as well as the history of the city, there are three phases of development:
1. In 1698, the Portuguese Crown makes the decision
to open the “Caminho Novo” (New Road), connecting
the gold mines of Minas Gerais with the Guanabara Bay,
thus stimulating the advance of the colonisers to the
area and the occupation of the territory.
2. The period between 1725 and 1843 or Pre-colonial
Territory of Petropolis.

*A sesmaria was a land concession in Brazil given by the Portuguese
government to promote agriculture and farming, as well as to populate the territory and reward nobles, sailors or military for their
services

Petropolis Centre. District I
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3. The period between 1843 and 1857, or Colonial Territory of Petropolis, where the implantation and evolution
of the Imperial Colony of Petropolis is made evident.
The construction of the city of Petropolis has as its base
the urban plan of an engineer named Julio Frederico Koeler, a unique planning for its time, with notable implications with regard to the balance between constructions
and the natural habitat, showing his concern for the environment.
The solution adopted came into being with a regulation
which established a reserve of the Atlantic Forest on the
summits of hills and mountains necessary for the proper
conservation of the waters. Koeler’s plan had a radial
and tentacle-like form, with its centre in the neighbourhood of “Vila Imperial”, where various rivers forming
the Piabanha basin converged. It foresaw land allotment
regulations, hierarchisation of the roadway system, as
well as occupation and construction, water supply and
waste water management. Koeler took advantage of the
physical conditions of the area, envisioning the planting
of gardens, green areas and even allotments with a rural
character, which were intended for horticulture to sustain the local population.
The Rio de Janeiro-Petropolis road, inaugurated in 1928,
was a predominant factor in the development of the
municipality, transforming it from a simple summer residence to a great industrial and commercial centre. The
highest rates of population growth were reached from
the 60s to the beginning of the 80s, and this was when

the main environmental problems also arose as a result
of accelerated growth and lack of urban planning. There
was also an impoverishment of the population due to
the crisis affecting local industries, specially in the 70s.
It is in this moment when the population of lower economic status began to occupy the hills or “morros” (hill
tops) and the steep slopes which had been preserved
until then by their vegetation and the limitations imposed by topography.
Midway through the 80s the districts I and II, Petrópolis
and Cascatinha, begin to present the highest concentration of population. A population increase is also registered in Itaipava and Pedro do Rio (districts III and IV),
which up to that point had been catalogued as places
and homes of leisure.
The workers and their families, who reached the area
attracted by the boom of civil construction, began to occupy the most devalued or previously preserved areas
(hill tops or “morros” and riverbanks). These population
dynamics influenced land use and occupation dynamics.
The growth of the city of Petropolis is an example of fast
growth of population. The urbanisation rate is almost
80%, higher than other regional or state rates seen in
most of the developing countries, including Brazil**.

Cascatinha

Informal occupation of Morro da Gloria

*GUERRA, A. J. T.; & GONÇALVES, L. F. H. (2001). Movimentos de
Massa na cidade de Petrópolis (Rio de Janeiro). In: Impactos Ambientais Urbanos no Brasil, organizado por GUERRA, A. J. T & CUNHA, S.
B. Ed. Bertrand Brasil, 3ª edição, pp. 189-252.
**FNMA/ECOTEMA INSTITUTE, 2001

Informal occupation of Bellavista
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SOCIAL DIMENSION OF PETROPOLIS
REGIONAL LOCALISATION AND INSERTION
Petropolis belongs to the Região Serrana (Serrana Region) which also includes the following municipalities:
Bom Jardim, Cantagalo, Carmo, Cordeiro, Duas Barras,
Macuco, Nova Friburgo, Santa Maria Madalena, São
José do Vale do Rio Preto, São Sebastião do Alto, Sumidouro, Teresópolis and Trajano de Morais.
It is located high in the Sierra de Estrela (mountain range), which belongs to the mountainous region of Sierra
de Órgãos (average altitude of 854 m.), 67 km. from Rio
de Janeiro. The proximity of the municipalities of the Region to Rio de Janeiro, the historic process of socio-spatial formation as well as local policies regarding territory
management conditioned the geographic location of
housing, predominantly located in urban environments.
The urban nucleus of Petropolis is located in an elongated and narrow area of the River Quitadinha valley.
The city is conditioned by this topography, with clearly
longitudinal proportions. The initial occupation began
in the neighbourhoods of Alto da Serra and Centro. As
the city developed, the urban growth began occupying
sloping areas and the surrounding valleys conformed by
the network of small tributaries of the River Piabanha.
DISTRICTS AND URBAN NUCLEUS*
The municipality is next to one of the main arteries of
the country, the BR 040, connecting Rio de Janeiro and

the Federal District. The municipality’s economy benefits from this privileged logistical feature since 65% of
the country’s GDP and 70% of its goods transport is within a 500 km radius. Petropolis, with 295.917,00 inhabitants, has an area of 797,1 Km², that is 1,8% of the
area of the Rio de Janeiro State and 11,5% of the Serrana Region. The municipality is divided into five districts:
1st - Petropolis - 143 Km² and 63% of the Prefecture’s total
population.
2nd - Cascatinha - 274 Km² and 22% of the population.
3rd - Itaipava - 121 Km² and 7% of the population, with an
average of 20.444 permanent inhabitants and where Madame Machado is found (4228 inhabitants).

Petrópolis. District I

4th - São Pedro do Rio - 210 Km² and 5% of the population.
5th - Posse - 63 km and 3% of the population.

Urban areas are found mainly in the lowest parts of the
valley in the central region of Petropolis where the slopes are less steep. Land use and occupation are determined by a set of factors ranging from the availability
of road infrastructures to environmental and orographic
conditions, agriculture or land vulnerability.
INFRASTRUCTURES AND FACILITIES
The distance between Petropolis and Rio de Janeiro is
67 Km. There are two important federal roadways which
allow its connection with the largest consumption centres of the country: Rio, São Paulo and Minas Gerais.
A Large part of the public facilities in the municipality

Cascatinha. District II

* * Material provided by the Prefecture of Petropolis and Civil Defence of the Petropolis Municipality.
** Sources: Censo IBGE 2010
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are concentrated in District I, Petropolis, which corresponds to the historic and functional nucleus of the city.
This is also where the largest percentage of the population is found (63%). Despite every neighbourhood being
equipped with basic educational, sanitary and religious
services, the seasonal character of summer residences
and informal housing prevents the existence of a wide
network of public facilities.
SOCIOECONOMIC CONTEXT
The current business structure in Petropolis is composed of the primary, secondary and tertiary sectors, of
which the latter two are the most developed, even if current economic growth vectors in the region are based
on the expansion of tourism.
The Project Petropolis-Technopolis* has recently been
created for the consolidation and development of its industry and commerce. The economic situation is better
than that of other municipalities of the region, as well
as than the national average, with a noteworthy contribution of considerably sized companies to the economic
development of the municipality.
Despite the growth and prosperity of the municipality,
there are large differences in income, access to education and resource distribution. These differences are
manifest in deficiencies on an educational and professional training level and in the informal character of human developments.

HUMAN DEVELOPMENT INDEX
The human development index in the municipality of Petropolis is considered medium-high (0,804)**, confirming a
gap between human development and quality of life.
The improvement of life conditions of the inhabitants of
Petropolis pushes towards implementing public policies, at
different levels, for the strengthening of social structures on
a medium and long term basis. For example, policies which
guarantee social inclusion generate jobs and income or facilitate access to education; programmes for community participation in general management or the protection of the
environment, among others, could be considered.

BR-040 Road. Río de Janeiro - Petrópolis

EDUCATION
The municipality has a good educational infrastructure
composed of state, municipality and private schools.
The level of income is also higher than that of other
municipalities of the Serrana region and the State, due
to the high number of students enrolled in higher, medium, elementary and preschool education.
Statistically there is a high index of adult literacy (0,936),
while average rates are reached in basic level education
(0,888), life expectancy (0,751) and GDP (0,773).***
Non governmental associations demand the creation of
environmental education programmes reaching all social spheres.
* http://www.petropolis-tecnopolis.com.br
** Sources: Atlas do IDH Brasil-2000
***Census: IBGE Cidade@2006

RJ-135 Road. Petrópolis

BR-495 Road (Petrópolis-Teresópolis), next to Madame Machado
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ENVIRONMENTAL DIMENSION IN PETROPOLIS*
Petropolis suffers serious precipitation pressure during
summer (from December to March) and its ground
breaks apart easily due its high content of stones. The
results of these processes are silted and sedimented rivers, limited by irregular edifications, a lack of adequate
drainage in degraded areas and large accumulations of
waste on the irregularly occupied slopes, causing year
after year tragedies which seem to be natural disasters.
AREAS OF ENVIRONMENTAL PROTECTION
On the 13th September 1982 the first Area of Environmental Protection of the country was created in Petropolis, the APA Petropolis (Área de Proteção Ambiental)
Its limits were defined 10 years later, in May 1992, covering urban, peripheral-urban and rural areas of the
Petropolis, Magé, Duque de Caxias and Guapimirim municipalities, with a total of 59.049 hectares.
In practice it works as a protective element preventing
the degradation of natural resources as 50% of its area
is covered by the Atlantic Forest.
Among the most important restrictions are the prohibition of setting up potentially contaminant industries,
carrying out large land movements which could alter
the local ecological conditions, as well as those activities
which could cause accelerated land erosion or mean a
threat to the extinction of a species. Land allotment and
occupation, agricultural activities, use of water resour-

ces and other anthropic actions are limited and subject
to compliance with various legislations.
The APA Petropolis adopts a groundbreaking model of
participative management with its management board
composed of 78 civil organisations who assemble to
plan actions concerning education, sustainable development and heritage conservation. It works as an entity
preventing the degradation of natural resources with
the objective of preserving biological diversity, developing investigations, environmental monitoring and education, sustainable development and the improvement
of the populations’ quality of life. It constitutes a tool
of extraordinary importance in the sustainable development of the Prefecture and the region.
The development of Environmental Zoning** allows the
identification and mapping of environmental features,
socioeconomic characteristics and vulnerabilities of the
region. With the use of this diagnostic it is possible to foresee where the city should grow and where not, given
the vulnerability and scarcity of available land with the required habitability and safety conditions. It serves, therefore, as an instrument at the service of public power and
civil society for sustainable development and planning.
The River Santo Antônio, flowing alongside Madame
Machado, is one of the northern limits of the APA Petropolis which, although outside the area, has benefited
from the presence of this entity.
* Reference to the APA-Petropolis Management Plan:
http://sma.petropolis.rj.gov.br/sma/modules/mastop_publish/files/manejo_apa.pdf

**AA.VV: ECOTEMA Institute, TERRA NOVA, Bertha Becker y Claudio Egler.
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CONSERVATION ASPECTS
The loss of habitats affecting Petropolis entails, besides
the shrinking of the original areas, fragmentation or
isolation. The anthropic pressure existent in the environment originates from factors which are inherent to rural
and urban activities. These activities interfere directly
or indirectly with the conservation of the native vegetation. The direct consequence of the loss of habitat is a
decline in the richness and variety of species.*
The absence of efficient policies, especially concerning
the protection of forest resources and conservation
units, also interferes directly with conservation. The following can be highlighted: the exploitation of extensive
farming activities, even on the riverbanks, steep hillsides and summits; the expansion of urban areas and residential condominiums and rural allotments; intentional
agricultural fires; absence of land occupation planning
due to the inexistence of economic-ecologic zoning, etc.

from asphalting and constructions has become a serious
problem with water infiltration and runoffs. This has
made hillsides high risk areas for human occupation and
caused important economic and social losses. In many
cases it is extremely difficult to avoid these risks, but it is
possible to reduce and mitigate them.
These processes include mass landslides, diverse forms
of erosion, riverbank weakening, sedimentation of
watercourses, floods and collapses. The seriousness of
these processes is evaluated according to the characteristics of the location where they occur, that is to say, in
relation to variables such as ground, rainfall, slope geometry, presence or absence of vegetation, lithology or
anthropic behaviour...
Constructions in unsuitable areas of Petropolis are very
frequent, most of them having been developed over the
last 30 years, built randomly with no kind of planning or
control.

River Santo Antônio running along the low area of Madame Machado

SUSCEPTIBILITY TO LANDSLIDES AND LAND MASS MOVEMENTS
RISK AND MANAGEMENT MECHANISMS
Until the beginning of the 20th century the city was covered with natural vegetation protecting the hillsides, riverbanks and areas where there were no constructions.
During the last century the city has grown in an accelerated way and with no order, making the region an
area at risk of flooding and landslides. At this moment,
the widespread impermeability of the ground resulting

As well as problems deriving from forest fires caused by
deforestation, Petropolis is subjected to processes of collapse, landslides and floods during certain periods of the
year.
APA’s Environmental Zoning has studied the conditions
with regard to topography, vegetation coverage, erosion

District II (Cascatinha). Process of deforestation of the “morro” and informal
growth

* Landau y Fonseca, 2000. Doc. Manejo del APA-Petrópolis. pág. 297
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and soil, grouping them to show the different degrees of
risk of landslides. Six categories have been determined,
scaling from “Zero Erosion Risk” to “Very High Erosion
Risk”
Madame Machado is outside these limits but on its borders and, therefore, has very similar characteristics to the
other areas of the APA. It could be considered as a subzone of social and natural recovery * comprising part of the
constructed areas, with low levels of quality of life, whose
lands have steep hillsides and are susceptible to natural
phenomena. The grounds vary in depth, being clay soil
lithosols or neosols with the occasional presence of rocks
and stones, and are subject of landslides with high risk
of erosion. The biotic environment of Madame Machado
is totally degraded. In general, its occupation is disorganised, its constructions are without technical control in
areas of risk, there is environmental degradation, slope
destabilisation, lack of basic sanitation, service precariousness, low income and an informal workforce.

This concern, shared by both the civil society and the government of Petropolis, drives initiative which try to provide the municipality with institutional tools to redirect the
development towards adequate sustainable and environmental regulations. As the documents drawn up emphasise, one of the priorities is to tackle the process of urban
and environmental deterioration.

URBAN and ENVIRONMENTAL DIMENSION
Most of the hillsides near the urban perimeter of the neighbourhoods and districts of Petropolis are occupied with
housing classified under low or very low levels** of quality of life. They are generally informal settlements, lacking
appropriate technical assessments or foundations, constructed without planning and which run a high risk of collapse
depending on the ground strata on which they stand.

* Environmental Zoning establishes four zones in the APA-Petropolis
sector (Recovery, Consolidation of Occupation, Expansion of Occupation and Protection of Natural Heritage). Carried out by the ECOTEMA
Institute, TERRA NOVA, Bertha Becker y Claudio Egler.
** Reference to the APA-Petropolis Management Plan.
Madame Machado. Deforested Area of Permanent Protection.
Images 1 and 2: state of area, 2008 catastrophe. Image 3: current state
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CURRENT REGULATION
The municipality of Petropolis drew up its first urban
Master Plan in November 1991 and put forward its first
revision in December 2003. In theory, the municipality
has the means necessary for urban and environmental
management at its disposal, favouring the maintenance
of conservation units and strengthening the implementation of attenuating zones. The municipality also has
the Municipality Law nº 5.393 from the 28th May 1998
defining Land Use, Allotment and Occupation, known as
LUPOS, which was drawn up with strong participation
from the society and institutions involved.
The main legal tools which the municipality has at its
disposal, with regard to environmental management in
addition to the Master Plan are the following:

• “Construction Code”: It mainly regulated civil buildings and

• Fundamental Law of the Municipality, passed on the 5th

http://www.petropolis.rj.gov.br/

April 1990.
• Land Occupation or Zoning Legislation, constituting a more
widespread tool. Act nº 5.393 - 25/05/1998
• Tourism Development Plan. Act nº 6.771 - 22/07/2010
• Environmental Protection Legislation. Act nº 6.732 -

other related buildings.
• “Municipal Stance Code”: Although it was originally to be a
set of municipal regulations, it became restricted to certain
questions of local interest with regard to the use of public space, the management of activities and the quality of life.

The city is currently in the process of revising its Master Plan, concentrating on territorial questions and even
initiating a discussion process of the Local Plan of Social
Interest Housing (Plano Local de Habitação de Interesse
Social - PLHIS).

District II, Cascatinha. Industrial Area and runoff basin

Municipality Web site:

Map of zonning (Zoneamento) (LUPOS):
http://www.petropolis.rj.gov.br/mapa_zoneamento/
Selecting in Parameters SRE4, the location and current file of
Madame Machado are available.

11/03/2010
• Cultural Support Legislation. Act nº 6.330 - 23/03/2006
• Master Plan. Act nº 6.070 - 13/12/2003

BR-495 Road Petrópolis-Teresópolis

• Resolution nº 27.828 / 1968 - “Stance Code”.
• Urban Land Allotment Act: It is directly subordinated to the
requisites defined in the previous act, but it was conceived
taking into account the expansion of the city and other complementary aspects.
11

SITE LOCATION

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
MADAME MACHADO*
The neighbourhood of Madame Machado is located
next the BR 495 Road which runs along the stretch of
Madame parallel to the River Santo Antônio and connects the municipalities of Petropolis, Teresopolis and
other cities of the region.
The Madame Machado area presents a high ratio of residential development which makes it the second sector
in relation to number of inhabitants, only behind the
Vila Rica neighbourhood.** Madame Machado is divided into two areas, Madame Machado Alta (High) and
Madame Machado Baja (Low), both severely affected
by floods and landslides. The disaster directly affected
around 76% of the low-middle class and 22% of the
high-middle class population.
The constructive typology, more common and germane to illegal and predatory growths, is rudimentary and
highly vulnerable, with buildings executed in brick masonry without reinforcement structures and with asbestos cement roofing. The neighbourhood sits on Medium
and High, and even Very High, Natural Risk Areas, normally in degraded or illegal areas.
The socio-economic profile of the inhabitants of this
sector is medium-low. There is an approximate number
of 650 houses, with a dense land occupation and an average of 5 inhabitants per home.
The data of the 2008 catastrophe told of 136 families who
had to vacate their homes as a consequence of the landslides which reached their homes or had left these in a

situation of risk. Considering the average of 5 inhabitants
per family, it is estimated that approximately 680 people
where affected. The 2011 disaster was even larger.
In the Low area the main problem were the floods. The
force of the waters of the River Santo Antônio reached
some residential condominiums of a high socio-economic
profile which were also damaged by the flood. Here the
constructive typology has, in most of the cases, a good
structural basis of concrete floor slabs and roofing with
higher resistance capacity although the disaster caused
severe damage due to its uncommon proportions.
The socio-economic profile of this area’s inhabitants is
medium-high. There is an approximate number of 220
houses, with an urban area located around these condominiums with high quality constructive typologies.
Statistics show 56 families registered as affected by the
flooding of the River Santo Antônio, with an estimate of
approximately 224 people affected.
Some of the actions recommended by various organisations were the improvement of its living conditions by
prohibiting densification in irregularly occupied areas
as well as the relocation of housing located in areas
of risk or which infringes on urban occupation or environmental protection legislations. Thus it is possible to
guarantee more environmental awareness in irregularly
occupied communities while improving conditions and
quality of life, management of risk and evacuation, implementation of infrastructural works (sanitation, restraints, etc.), recovering from and minimising risks of
landslides and floods.

Madame Machado. Landslides in the areas MM2 and MM3 (Intervention
scale, scale 2. Neighbourhood) and River Santo Antônio basin

* Source: Itaipava Districts census, stand by Petrópolis Municipality.
**2008 inhabitants, Sources: www.censo2010.ibge.gov.br, plano POPULAÇAO RESIDENTE
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PROBLEMATICS OF THE SITE

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
Generally the risks affecting the Serrana Region arise
from its own orographic conditions, but high anthropic pressure has come to aggravate this situation. The
fast growth process sustained by the city due to migrations of rural working population, providing service to
its industrial drive, stimulated disorganised occupation
growing on the hilltops (“morros”) or hillsides and the
riverbanks susceptible to floods. These occupations solve housing issues in locations and with typologies which
do not always respond to security and basic quality conditions.
The problems affecting Madame Machado are recurrent
throughout Petropolis in numerous neighbourhoods,
presenting higher or lower levels of informality. One of
the cases is the Cuiabá Valley, planned and with quality
formal housing, but seriously affected by the last floods.
In other more informal neighbourhoods such as Cascatinha, Morro da Gloria, Bellavista or the actual Madame
Machado, the problem is more complex as the natural
river basins have been “anthropized” by constructions,
infrastructures, etc., blocking the natural course of the
waters. The problem grows as the housing, constructed
on “morros” and hillsides with steep sloped, suffer collapses and landslides.
Basic sanitary, educational and infrastructural facilities
have also collapsed under the increase of demand. The
Atlantic Forest Permanent Protection Areas on hillsides
of “morros” and the vegetation on the riversides has
been deforested and taken over by housing.

Therefore, the most pressing problems affecting this environment are anthropic, due to the growth of population, their irregular distribution and as a consequence
of this, non-planned (informal) construction and urbanisation. On the other hand, the environment exercises a
considerable pressure on the natural surroundings, due
to the force of natural phenomena and the increase of
pressure it is subjected to (deforestation, construction
on steep slopes, disruption of the habitat which protects
from collapses, occupation of rivers, etc.).
ANTHROPIC RISK IN MADAME MACHADO
GROWTH OF THE POPULATION. The problem with population growth is generally associated with the irregular distribution of this population. Madame Machado
has grown very quickly and arranged itself in a very disordered manner within the landscape. Thus it has favoured the occupation of areas susceptible to floods,
steep slopes or those with permanent environmental
protection.
EFFICIENT PLANNING AND FINANCIAL POLICIES. The
lack of efficient planning and of municipal and state supervision over illegal occupation, associated with elevated migrations, promotes irregular occupations often
linked to deforestation, natural resource exploitation
(water resources, ecosystems, etc.) and improper occupation, leading to a higher risk of catastrophe.
Road R-A. Situation of the climb up, housing and deforested hillside
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PROBLEMATICS OF THE SITE

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
ENVIRONMENTAL RISK IN MADAME MACHADO
RISK MANAGEMENT
The invasion of risk and environmentally protected areas
increased the serious material and human loss incurred
in January 2011 and previously in 2008, caused by a
process of mutual pressure of the environment on humans and of humans on the environment. This pressure affects the natural surroundings which, unprotected
and stimulated by natural phenomena and rainfalls of
extraordinary intensity, unloads its pressure on formal
and informal settlements alike. In Madame Machado*
the following high risk situations are detected:

REFORESTATION AND ENVIRONMENT PROTECTION
MEASURES. Even though the Serrana Region of Petropolis still conserves most of its original vegetation, it is
very common to not respect the Forest Code which prohibits construction on the hills and riverbanks. Possibly,
the consequences of the heavy floods would have been
less if the protecting vegetation of the morros had been
preserved, if the river banks of the Santo Antonio and
Piabanha rivers had been forested and the local community better prepared.

1) FLUVIAL BORDERS AND RUNOFFS. Floods and overflowing of the River Santo Antônio’s basin. Deforestation
of riverbanks and irregular occupation causes sedimentation and silting, facilitating river overflowing and the
flooding of constructed areas on their borders.

Madame Machado. Self-constructed house on road R-A

Madame Machado. R-A Road

2) MORROS AND SLOPES. House collapses and landslides in areas with steep incline, non-consolidated ground
or areas susceptible to movements due to deforestation.
3) IRREGULAR OCCUPATION. Irregular housing in areas
of high ecological value, classified as Permanent Environmental Protection**. Conveniently conserved or reforested they would work as land contention as well as
erosion and landslide control.

* see in PLANS, the plan MADAME MACHADO_APPs.pdf
** see plan APPs, shown in the plan key as Topos dos Morros
Madame Machado. Area MM2 (Plan / Scales of Intervention)
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MUNICIPALITY NEEDS

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
The strong awareness of risk issues and the environmental overpressure informal urban growth is causing puts
the problem in the priority agenda, both of the Petropolis Prefecture and of the inhabitant and business associations. Various policies encourage collaborative work
towards coordinated action in solving problems such as:
URBAN PLANNING, taking advantage of the fact that
the Petropolis Master Plan is being currently revised,
the Prefecture and various local organisations argue in
favour of proposing a Master Plan to develop sustainable urban growth models which contemplate the problematics of risk areas.
HOUSING PROGRAMMES, coordinated by the municipal government to control the expansion of housing in
unsuitable or risk areas, relocating, when necessary, and
stimulating medium and low density social housing projects in accordance with environmental and urban legislation. The Master Plan currently underway foresees
debate processes with regard to the Local Plan of Social
Interest Housing.
INFRASTRUCTURE IMPLEMENTATION, as a way to guarantee habitability and the improvement of natural and
urban conditions. Among them, it is worthy to emphasise the execution of hillside containment projects, rainwater drainage, wastewater treatment systems, sanitation and facilities in general, as well as solid waste
management, fighting water source polution.

REGULATION COMPLIANCE CONTROL, as a measure to
control informal growth, fauna and flora destruction, as
well as other activities which suppose a menace to the
environment. The actions should be regular and coordinated among agents (previously trained).
RISK MANAGEMENT, debating on the necessity of building adequate policies and methodologies applicable to
those groups in a vulnerable situation. They must include alert and evacuation protocols which have until now
been deficient and difficult to manage as in Petropolis
alone there are over a hundred risk areas.

Madame Machado, altimetric map (available on PLAN)

RELOCATION, as the only feasible measure to solve
problems associated with certain areas in situations of
serious environmental deterioration or at risk of facing
natural disasters. Of the more than a hundred risk areas
of the municipality, only in two, due to imminent risk,
are relocations being planned. This is partly due to the
pressure of the actual inhabitants who resist abandoning their homes, even when the risk is extremely high.
EDUCATION AND TRAINING, as a tool to fight against social inequality and a way of improving the population’s
living conditions. It should include environmental education programmes and actions facing risks.
ALTERNATIVES FOR SUSTAINABLE AND ENVIRONMENTALLY ADAPTED ECONOMIC DEVELOPMENT, stimulating the implementation of programmes to encourage

Madame Machado, slope map (available on PLAN)
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MUNICIPALITY NEEDS

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
the creation of stable jobs and in this way improve the
average quality of life of the population and activating local economy (development of eco-tourism practice, development of clean industries and waste recycling, etc.).
PRESERVATION OF ENVIRONMENTAL HERITAGE, ENVIRONMENTAL CONSERVATION AND RECOVERY, favouring the recovery of the vegetation coverage with
endemic species, recovering degraded areas or reforesting hillsides and protected areas on riverbanks and
water sources.*

the future Programme (florestas do futuro), Clean river
Project (Projeto rio limpo), Prolixo, State Water Resource Plan (PERHI), State Water Resource Conservation and
Revitilisation Programme (PROHIDRO), Águas do Imperador Programmes, State Environmental Education Programme.

Madame Machado, MM1 sector

PARTICIPATIVE PROCESSES, as a way of promoting “associationism” and community organisation as well as
valuing public debate and the participation of civilians
in the planning and management of the Conservation
Units.

* Marginal Sector of Protection Faixas Marginais de Proteção”-FMP
** See http://www.novamosanta.org.br/site/home.php and
BIBLIOGRAPHY/ DOCUMENTS

Other actions and proposals, complemented by the
OPPTA Competition, have been developing in Itaipava and Petropolis. Among them can be highlighted the
Fluvial Park “Parque da Orla do Piabanha” (2007), the
“Estações de Itaipava” Project (2006), the “Estradas das
Arcas” Park or the proposals of border treatment on the
riverbanks of the River Santo Antônio.**
The following entities and projects of public and private
institutions, among others, can be highlighted: Petropolis-Tecnopolis, Paraíba do Sul Cleaning Programme
(Despoluição do Paraíba do Sul PRODESPAR), Forests of

Río Santo Antônio. Bridge to access Madame Machado
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HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
The work area proposed in the Competition is located
in the third District, Itaipava, where the most affected
areas were the Cuiabá Valley and Madame Machado,
respectively afflicted by the overflowing of the River
Santo Antônio and the landslides and runoffs on the
slopes of the river mouths on which Madame Machado
grows.
OPPTA proposes reflection on the question of HOW TO
CONSOLIDATE AN INFORMAL URBAN GRID AND AN
ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER
THREAT, on three scales: the district, the neighbourhood and in detail, trying to propose an approach at different scales and through different realities to one same
problematic.
It will be important to consider the project in progressive phases of growth and degrowth, both human and environmental, in order to stabilise the balance between
constructions and the environment.
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landscape intervention which could generate safe riverbanks and surroundings. These models should satisfy
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A) RIO SANTO ANTÔNIO (PF-RSA) AND MADAME MACHADO RUNOFF (AI-E)
The basin of the River Santo Antônio suffered floods
and heavy torrential downpours which, especially in the
Cuiabá valley, were of extreme intensity and caused fatal casualties. The cross section of the river is not large
but its volume increases considerably in the rainy season
as do those of the runoffs which flow through the sector. As a consequence of the intense rainfall in January
2011 the State Government is marking off a new strip
as environmentally protected area which does not only
depend, as before, on the distance to the river (30 m.),
but also other variables including elevation.

FLOOD RISK AREA

69

1. DISTRICT SCALE. AMBIT OF REFLEXION AROUND A RIVER PARK AND AN ENVIRONMENTAL RECOVERY AREA.
This scale of reflexion corresponds to sectors (riversides
and environmentally protected areas) which are not
only under the jurisdiction of the Prefecture but also
under that of the Government of Brazil and of Rio de
Janeiro State. However, it is interesting to reflect on this
scale to be able to intervene on the detail scale.
There is a previous project, contracted in 2008 by the
Government, the “Río Piavanha y Santo Antônio RiverPark Project”, setting a precedent on a larger scale.

This scale of action is proposed as a scale for analysis
but even so, it will be evaluated by the Jury given the
importance of the approach when concerning riversides
and environmentally protected areas, as well as the possibility of making it part a larger project.
Therefore, the proposal on this scale is to reflect on the
banks of the River Santo Antônio (PF-RSA) and the runoff areas in the Madame Machado area (AI-E) whose
STUDY AREA
habitability is at risk during the rainy season. The analysis should also consider be deforested areas, or those
on the “morros” at risk of deforestation (AP-RF), subject
to land mass movements, collapses and landslides.

INFORMAL SETTLEMENT
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IN ENVIRONMENTAL
MADAME MACHADO.
PROTECTED
RISK AREAS
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AMBIT OF REFLECTION, PROTECTION AND INTERVENTION FOR SCALEFLOOD
1. DISTRICT:
FLUVIAL PARK AND ENVIRONMENTAL RECOVERY IN MADAME MACHADO
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HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
leisure and recreational activities by providing sport or
recreational facilities at the same time as making spaces
and buildings in disuse available to the community.
We will esteem projects which propose alternative ways
of resolving containment walls, runoff drainage and potential increases of volume. In this way the habitability
and improvement of the conditions of the surroundings
could be guaranteed.
It is important to take into account that the only evacuation and access route to Madame Machado is the access
bridge (AI-p1) and that both the bridge and the roads
with runoff underpasses (AI-p2) flood when the water
levels grow. Considering that security and efficient evacuation in high risk areas is essential, we propose the
study of evacuation protocols and/or the creation of
safe shelter point(s), thinking about their location in
terms of access from the whole higher neighbourhood.
Work on a detail scale will be carried out after with the
relevant authorities (Protección Civil).
B) AREAS WITH LANDSLIDE RISK (AP-RF)
These areas generally correspond to high areas of the
“morros” (hilltops), subjected to high anthropic pressure and to deforestation or environmental degradation
processes. The geological characteristics of the ground
and the way the vegetation grows make them vulnerable areas, susceptible to collapses, runoffs and high intensity landslides. The nature and suddenness of these
phenomena puts the buildings and houses they may encounter at risk.

Contention, reforestation and environmental recovery
models should be proposed in order to allow habitability in safe conditions and simultaneously guarantee the
conservation or regeneration of endemic species and
landscape corridors.
C) INFORMAL HOUSING. MIGRATION AND NEW DEVELOPMENTS
Madame Machado Alto is considered an informal and
illegal occupation located in a high risk area. However,
within the neighbourhood there are formal areas within the planning such as Madame Machado Bajo, more
consolidated, or less exposed areas, and others which
are totally illegal as they are located in high risk or permanently protected areas. This is the case for the two
zones proposed for study (in plan key: VI-AI and VI- AP)
which occupy the natural watercourse of the runoff and
the summits of the “morro” (hill). Their location exposes
them to permanent risk with difficult evacuation conditions in the case of emergency.
On this scale it is appropriate to reflect on the buildings
and housing located in unsuitable areas where the regulations forbid construction and the risk is high or very
high. We propose the development of progressive degrowth models, including proposals for population migration or relocation in the case of emergency. The degrowth could include de-construction processes which
would allow permanently protected areas to be recovered for their environmental regeneration.

Madame Machado, sector MM3 /AI. Zone near runoff area

Madame Machado, sector MM2 /AI

Madame Machado, MM1 sector. Area near Permanently Protected Area
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AN ENVIRONMENTALLY PROTECTED AREA, BOTH UNDER THREAT
AMBIT OF REFLECTION: Area affected by Madame Machado’s
runoff (AI-E), the River Santo Antônio basin at the level of Madame Machado (AI-RSA and PF-RSA) and areas with landslide
risk (AP-RF).
AMBIT OF INTERVENTION: Proposals offering alternatives to
the existent informal housing and which consider environmental recuperation and propose uses compatible with specially protected areas (runoffs or hillsides or tops of “morros”)
where they are located (AI and AP).
On this scale, Panel 1 will include outlined plans, graphs, general diagrams and as much information as needed to develop
correctly the ideas and strategies to be defined on an urban or
architectural level on a more detailed scale in panels 2 and 3.
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* See Key Plan MADAME_MACHADO_APPs: Riverbanks-30m and
Summits of “Morros”
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B) DEGROWTH, RELOCATION and NEW DEVELOPMENTS
(MM2)
These will respond to three premises: studies on availability and adaptation to risks, sustainable development
models which allow environmental balance and the
habitability and housing development, implemented
through participative and self-organisation plans.
DEGROWTH AND REFORESTATION MODELS. The deve-
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A) TECHNICAL AND STRUCTURAL CONSOLIDATION PROCESSES AND RELOCATION (MM1 and MM3). Recovery
and consolidation mechanisms for the surroundings at

MM

RSA

RIVER BANK

715

2. AMBIT OF INTERVENTION ON A NEIGHBOURHOOD
SCALE
On a neighbourhood scale, and as a methodology exportable to other sites suffering similar risk situations,
it is pertinent to propose models for the consolidation
and future growth of housing and existent facilities, as
well as migration-relocation models in the same area.
The potential intervention areas are those which stand
outside the risk and environmentally protected areas
(Plan Key MADAME_MACHADO_APPs: Riverbanks-30m
and Summits of “Morros”).*

a housing, infrastructural and facility level, compatible
with the areas mentioned which, being at risk, should
be consolidated guaranteeing techno-structural implementation and the recovery of balance between constructions and the natural surroundings.
ARCHITECTURE (HOUSING, MATERIALITY AND SELFCONSTRUCTIVE PROCESSES). Within the framework of
habitational improvement, we encourage the study of
facility or housing typologies which follow processes
of progressive growth and which allow emerging economies to grow within structurally stable housing models, with sustainable facilities, energy use and suitable
health conditions. We will value models which give importance to spatial, material and architectural quality in
their proposals.
OTHER CONSOLIDATION MECHANISMS. Topographical,
environmental and habitability consolidation through
systems which allow human-environment cohabitation
and reduce risks.

MM-1
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AMBIT OF REFLECTION, PROTECTION AND INTERVENTION FOR SCALE 2:
MM-3
NEIGHBOURHOOD
MADAME MACHADO
VULNERABLE HIGH RISK AREA

19

OPPTA COMPETITION

HOW TO CONSOLIDATE AN INFORMAL URBAN GRID AND
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lopment, in detail, of processes of progressive degrowth
for housing located in high risk areas, permanently protected areas (VI-AI, VI- AP) or those which have been
affected by the last collapses and landslides.
AVAILABILITY STUDIES. The study of the morphology and
availability of space in the area near Madame Machado,
particularly in the MM2 area. The contestants may propose areas of potential intervention in out-of-risk and
available areas (RSA area, MM), as well as proposals
which allow the redensification of the existing grid, in
a way that the houses located in the areas of high risk
(MM2) can be relocated in the rest of the sector.
HABITABILITY AND GROWTH MODELS in the proposed
study area which, in coordination with Petropolis Prefecture, allow the development of housing (Local Plan
of Social Interest Housing), services and associated facilities.
These housing developments are proposed on 2 constructs: HABITATIONAL IMPROVEMENTS OR RELOCATION
AND REDENSIFICATION OF THE EXISTING GRID. Depending on the contestants’ own initiatives in the previous
phases, housing models will be developed for one of
two different scenarios: First, improvement and implementation projects on the existent houses on an environmental, habitability and infrastructural level, including self-managing proposals for the citizens. Second,
the relocation to safer areas and with optimum conditions for growth and of habitability, located in the actual
area of study (MM1 and MM3).
It is interesting to take into account that, as can be ob-

served in the aerial photographs, the MM3 area is especially vulnerable and exposed to risks. The proposals
must pay attention to the geomorphic characteristics
of the surroundings, being the areas most exposed to
risk the least favourable for densification processes and,
therefore, the most suitable for the development of infrastructure for housing and environment.
AMBIT OF REFLECTION: Madame Machado Alto neighbourhood.
AMBIT OF INTERVENTION:
A) Consolidation and densification. Zone MM1
B) Infrastructural and environmental consolidation. MM3
C) Relocation. Zone MM2

3. ZONE OR DETAIL SCALE INTERVENTION
On a detail scale we propose working on the material
and spatial definition of an area of Madame Machado,
to be chosen by the contestant, derived from their larger scale proposals (Panels 1 and 2). We will value the
development of “anti-landslide” houses and structural
systems, as well as infrastructures which guarantee the
strengthening and improvement of already consolidated
areas of the neighbourhood which do not require relocation due to risk. It would be of interest to consider the
development of mixed constructive techniques, where
the inhabitants can execute part of the constructive process, or proposals of progressive growth in which future
growths may be proposed, adjusting to their economies.

AREAS OF PERMANENT PROTECTION IN MADAME MACHADO.
PLAN MADAME_MACHADO_APPS (PLANS)
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