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Abstract 
In Rio de Janeiro’s western zone, global 
challenges can be seen in many forms such 
as infrastructural investments associated 
with recent mega-events and tourism. In 
order to support these global events, world 
class sporting venues were built and others 
renovated, regional transportation 
improvements were undertaken, and 
specialized event housing was built. Despite 
this growth, countless opportunities to 
sustainably transform the area have been 
lost. This is particularly worrying within 
the context of climate change, which can 
magnify the challenges already caused by 
extremes of rain, drought, temperature, 
and wind, both in intensity and 
frequency—not to mention rising sea levels 
and their effects on coastal areas. In order 
to examine these forces, the University of 
North Carolina at Charlotte’s Master of 
Urban Design (MUD) program and the
Pontifical Catholic University at Rio de
Janeiro’s (PUC-Rio) Urbanism
Laboratory within the Graduate Program
of Architecture of the Architecture and
Urbanism Department established a 3-year
collaboration, which is the focus of this 
paper. These workshops provided hands-
on opportunities to examine neighborhoods 
in low elevation coastal zones with a 
planning horizon of the year 2100 (by 
which time sea-level rise will have impacted 
the city). By leveraging the studio 
environment common to design education, 
faculty from both universities created 
opportunities for applied research that can 
serve as a model for both the education of 
designers and the public.  
 

Introduction 
In Rio de Janeiro’s western zone, global 
challenges can be seen in many forms such as 
infrastructural investments associated with 
recent mega-events and tourism: the 2007 Pan 
American Games, the 2014 World Cup, and the 
2016 Summer Olympics Games.1  In order to 
support these global events, world class sporting 
venues were built and others renovated, regional 
transportation improvements were undertaken, 
and specialized event housing was built. Despite 
this growth, countless opportunities to 
sustainably transform the area have been lost. 
This is particularly worrying within the context 
of climate change, which can magnify the 
challenges already caused by extremes of rain, 
drought, temperature, and wind, both in 
intensity and frequency—not to mention rising 
sea levels and their effects on coastal areas. This 
increase may cause coastal erosion, and the 
salinization of aquifers, among other effects.2 
These processes have a direct impact on 
biodiversity, water supplies, food crops, urban 
infrastructure and, therefore, impact the 
economy, health and quality of life in urban 
areas. As a result, they could provoke mass 
migration, generating large-scale political, 
territorial, economic and social conflicts.3 

In order to examine these forces, the University 
of North Carolina at Charlotte’s Master of 
Urban Design (MUD) program and the 
Pontifical Catholic University at Rio de 
Janeiro’s (PUC-Rio) Urbanism Laboratory 
within the Graduate Program of Architecture of 
the Architecture and Urbanism Department 
established a 3-year collaboration (2015-17), 
which is the focus of this paper. These 
workshops provided hands-on settings in which 
teams examined neighborhoods in low elevation 
coastal zones, particularly Barra da Tijuca and 
the Vargens areas, and their geographic, 

development and cultural patterns with a 
planning horizon of the year 2100 (by which 
time sea-level rise will have impacted the city). 
By leveraging the studio environment common 
to design education, faculty from both 
universities created opportunities for applied 
research that resulted in the book Rio de Janeiro: 
Urban Expansion and the Environment.4  
   

Engaging Rio: 
The Workshops, Concepts and Context 
The workshops aimed to highlight how building
resilience into urban areas requires adapting and
integrating a city’s physical, economic, social,
and ecological aspects. In order to do so, it is
necessary to understand the specific 
vulnerabilities of an urban system (its natural, 
social and constructed aspects) through 
diagnoses of socio-climatic characteristics on an 
appropriate scale. This also requires reducing 
system exposure, thus avoiding the 
intensification of urban occupation in threatened 
areas. Such a diagnostic process is central to the 
definition of the action in order to reduce a 
system’s physical sensibility to existing and new 
threats and increase its adaptive capacity, or the 
ability of individuals, groups and institutions to 
make use of available resources for locally-
specific adaptation.5  

The exposure of a system to climatic threats is 
directly related to urban design. The decision to 
occupy threatened areas, as well as the control 
of unplanned expansions of a city, are two of the 
main responsibilities of local urban managers. 
The vulnerability of an urban system is directly 
affected by the condition of existing buildings, 
infrastructure networks, the distribution of 
public utilities, as well as other aspects of an 
urban system. Adaptive capacity, in turn, is 
affected by economic conditions, technology 
and access to it, information dissemination, 
government or institutional stability, and social 
capital. Adaptive capacity is particularly 
impacted by weaknesses in government policies 
and its three main aspects - exposure, sensitivity 
and adaptive capacity – are profoundly 
influenced by poverty and inequity.  

Thus, urban designers and planners must play an 
important role in building a city's resilience. 
They need to understand risks and master 
possible mitigation solutions, and they also must 
understand how to carry out these actions and 
influence the population, using their projects as 
both manifestos and as educational tools. In this 
sense, urban designers and planners must 
influence decision-makers about a city’s future 
despite the fact that, in many cities around the 
world, development is largely governed by the 
private sector. In other words, urban designers 
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and planners must work to increase the climate 
literacy of those who hold the power to shape a 
city’s future. Climate literacy is vital if we 
expect future leaders to make “important 
decisions that stem from or impact climate 
change and sustainability.” 6  

The Contextual Challenges 
Climate literacy levels, in the case of Rio’s 
western coastal neighborhoods, proved to be 
low at best if measured by conventional 
development practices. Rio is not resilient 
despite its fame as a “marvelous” city of natural 
beauties. Interestingly, those features for which 
the city is often best known, comprise a mere 
10% of its territory. However, this is the 10% of 
international fame featuring granite “sugar 
loaves”, urban lagoons and beachfront 
neighborhoods.7 The other 90% of the city lacks 
basic services such as good sanitation, 
transportation, environmental health, safety, and 
other urban resources. By continuing to promote 
this ‘marvelous” 10%, the city extends its 
existing risks and vulnerabilities thus 
engendering the reproduction of unsustainable, 
unequal and poorly adapted urbanization 
models. 

Conventional development has been enabled 
through lax public policies throughout Zona 
Oeste and the Jacarepaquá lowland (the region 
that includes Barra da Tijuca and the Vargens 
neighborhoods).8 Unfortunately, the 
Jacarepaquá lowland is made up of a network of 
double-barrier coastal lagoons, east-west 
running mountains, and a regional drainage 
network connecting the South Atlantic Ocean.9 
This watershed is also particularly susceptible to 
sea level rise given its geological formation, 
elevation and coastal location.10 Despite these 
limitations, conventional suburban growth and 
informal development have virtually erased the 
area’s native ecological systems. What this 
means is that, by the year 2100, much of the 
region, which is commonly known as Barra after 
its most famous neighborhood, may be 
inundated by rising sea levels. 

Unfortunately, Rio’s development community 
has not considered climate risks as it encouraged 
growth in Zona Oeste. This may be due, in part, 
to late 1960s efforts to establish Barra da 
Tijuca’s as a new regional center. The area’s 
importance is evidenced by the choice of Lucio 
Costa, one of  the country’s most noted 
architects and planners at the time, to create a 

vision for Barra in 1969.  Inspired by Modernist 
principles, Costa proposed separated land-uses, 
monumental highways, and a system of open 
spaces intended to create a “cidade oceanica” 
dominated by natural landscapes and vistas to 
both mountains and the coast. However, market 
pressures and lax governmental policies allowed 
growth to take on a very different tone and, 
particularly from the 1980s forward, Barra’s 
urbanization resulted in gated suburbs. To the 
north of this coastal area is the Vargens region, 
an area of 52 square km, which until recently 
was largely rural with small residential farms 
and reduced transportation access, sanitation by 
septic tanks, and artesian well-water. The area 
retains almost all of the remaining unique 
marshes in the city that have already suffered 
substantial depredation and reductions since 
2002.11 Much of this area would be lost when 
sea levels rise. However, this is not the only risk 
in the area, as there is much flooding caused by 
extreme rainfall, which also causes landslides 
and, ironically, the area is plagued by 
droughts.12 

Careful scrutiny of the area’s social and 
environmental aspects would result in 
prioritizing guiding densification to 
neighborhoods in other areas of the city. For 
example, the city’s northern neighborhoods 
could be densified considering the present and 
potential capacity of mass rail transit, in addition 
to already deployed sanitation networks, and 
local commercial centers (attributes clearly 
lacking in the coastal western zone). The city’s 
western interior zone, in turn, comprises a large 
area of low-density occupation, the lowest HDI 
in the city and its worst sanitation, transportation 
and housing conditions. In addition to the 
aforementioned gains, the prioritization of 
investment in these areas would allow time for 
more careful planning of the eventual 
occupation of Vargens, considering its 
threatened environmental status, the 
vulnerability of its inhabitants, the absence of 
urban infrastructure, and the need for a planned 
focus resiliency. 

But private capital has spoken louder and the 
entire area (Vargens, Recreio and Barra da 
Tijuca) has become the center of recent public 
and private investment, thus repeating the 
pattern of historic irresponsible urbanization 
that has marked Rio for decades. This is due, in 
part, to the influence of mega-events like the 
2016 Summer Olympic Games, which were 
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concentrated in Barra. This region received over 
50% of all investments made in the city 
associated with the Olympic Games and that 
contributed to a large increase in local real estate 
dynamics. The Olympic Games and their 
economic ripple effects represented a unique 
opportunity to establish a resilient Legacy Plan 
for the Games. But, unfortunately, an 
unsustainable model of expansion took hold, 
which is similar to those found in megacities 
world-wide. With few exceptions, these 
megacities are concentrated in developing 
countries and characterized by: (1) excessive 
consumption of energy and natural resources; 
(2) socio-spatial segregation; (3) disconnection
with surrounding natural and rural areas; (4) 
concentration of poverty and the growth of 
informal areas; (5) lack of proper transportation 
infrastructures; (6) risk area occupation; (7) 
informal work; (8) urbanization without climate 
adaptation; and (9) health risks for the 
population.13 

The 2016 Olympics only reinforced these trends 
in Rio. This event featured a Public Private 
Partnership that exchanged future private 
development rights for the infrastructure needed 
for the Games. As a result, the private sector 
leveraged interest in the area for financial gain.  
This event also leveraged the expansion of 
socio-climatic risks, driving growth to the areas 
vulnerable to climate change.14 

Mixing Modernisms 
Thinking about resilience for the Barra region 
through architecture and urban design was the 
challenge for collaboration between the UNC 
Charlotte's MUD program and PUC-Rio’s 
Department of Architecture and Urbanism’s 
U.Lab, which brought together master's and
continuing education students from both 
institutions in urban adaptation design 
workshops.15 The workshops discussed 
development solutions tailored to the regions of 
Vargens, Recreio dos Bandeirantes and the 
neighboring Metropolitan Center of Barra da 
Tijuca. The solutions focused on resilience and 
adaptation to climate change, particularly with 
regard to sea level rise, and current floods 
caused by heavy rains and deficient drainage 
conditions. The workshops and design 
investigations were supported by group 
discussions, expert guest talks, symposia, field 
visits, and documentary surveys. 

Students in these workshops proposed buildings 
and landscapes that operate on inter-related 
planes. While this may seem naïve, it opened 
discussions among teams about the role of 
natural systems in urban design as well as 
discussions of urban typologies that could 
anticipate sea-level rise. For example, 
bioremediation provided a way to foster 
discussions of active water systems, such as bio-
digestors, that could be both infrastructural and 
potentially recreational: existing canals could be 
revitalized, new ones introduced and new 
hydrological networks could be established as a 
means of regenerating the region’s ecology; 
greenways, new public spaces that double as 
floodable plazas and recreation fields, and aqua-
based economies could follow.  

These three years of working in partnership have 
added to a critique of development models 
fostered in this region by current legislation, 
particularly the Urban Structuring Plan (PEU), 
which has been continuously modified since 
2006.16  Its latest version (2015), combines 
recent interventions promoted by the 2016 
Olympics with construction trends favoring in-
vogue commercial and residential typologies. 17

The questions that motivated the students are 
those that managers, planners, architects, 
designers, and residents still urgently must 
answer, such as: How should we build in an area 
so threatened by rainfall and sea level rise? 

Such questions compel us to reflect on the roles 
that urban design and planning can play in the 
transformation of an unsustainable model 
towards resilience. Despite the limitations of 
student-driven design scenarios, their urban 
analysis was thought-provoking. Upon 
reflection on our several years of international 
programming, it is clear that unique 
opportunities exist to prepare students for 
success in a global profession and to engage 
professionals in robust discussions about the 
impacts of climate change.18 This represents a 
new role for designers: they must be able to 
manage a wide range of cultural and technical 
expertise through sustainable city-building 
processes.19 And, our experience connects with 
literature indicating that direct exposure to 
questions of climate change puts students and 
collaborating partners in situations in which 
they are able to formulate innovative roles for 
design as it may shape resilient cities—thereby 
extending their climate literacy. Although more 
research needs to be conducted in this area, an 
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 expanded ecological ethos can be nurtured 
through hands-on experiences like our 
workshops in Rio. This also points to 
professional “values and valuation” as they 
relate to “duties and obligations within the 
human-nature relationship.”20 

Law and disorder in the case of Vargens: a 
model of non-resilience  
The Olympic Games provided a way for 
students to view Rio within a larger landscape 
of global urbanization. A city is the result of 
actions by public and private sector players and 
the coordination and coherence of these actions 
must be established through the use of a set of 
urban design, planning, and management tools. 
The construction of a resilient city depends on 
the coordination of these agents and, therefore, 
depends on governance capacity and regulatory 
legislation. In the case of Vargens, urban 
resilience is difficult to achieve due to a 
combination of (1) a weak planning framework, 
(2) a low capacity for public control over the
occupation of territory, (3) oscillating economic 
and real estate dynamics, and (4) recurring 
conflicts of interests between the government, 
private companies, and the population. In this 
case, the area's urban legislation, particularly the 
last revision of the PEU, has been engulfed in 
enormous uncertainty. Attempts to update and 
approve these laws have twice been thwarted in 
the political process, thus reducing stability for 
on-site construction. 

The workshops sponsored by PUC-Rio and 
UNC Charlotte can serve as an opportunity to 
envision how Rio can be guided towards a more 
sustainable future. Judging from recent conflicts 
between the population and the government 
over plans for Vargens, confidence in 
government seems to be diminishing. This is in 
addition to the area's new transportation system 
– a decisive factor in boosting occupancy –
based on wheeled vehicles and fossil fuel, Bus 
Rapid Transit (BRT). Without a transportation 
feeder system complementary to the main trunk 
of the BRT, most of the population still depends 
on private cars. The model that has been 
practiced in Vargens clearly increases social 
differences, weakens the relationship between 
public power and the local population, and 
intensifies occupation in the areas of greatest 
risk. As a result, adaptive capacity is reduced, 
exposure and vulnerability has increased. The 
good news is that the Vargen’s occupation has 
not been yet consolidated and here is still time 
to build resilience into the area. Despite the fact 
that unsustainable urbanization models persist 
and despite the numerous opportunities for 
transformation lost in the area, there are still 
miles of undeveloped areas in Vargens—most 
of which should remain unbuilt in order to 
provide the basis for a resilient urban model. 

Figure 1: Student vision of Vargem Pequena transformed by rising sea levels. 
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The latest version (Complementary Law Project 
140/2015) has been under discussion in the city 
council for two years and is still not approved. 
This ongoing dispute weakens local legislation 
in its capacity to provide the basis for 
sustainable development of the region.21  
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