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RESUMO

Este artigo discute a vulnerabilidade do Litoral Norte do Estado de Sao Paulo, Brasil, em
relacdo as mudancas climaticas. Baseando-se em uma revisdo da literatura especifica e num
estudo de caso que englobou a analise de documentos oficiais, dados secundérios e entrevis-
tas semi-estruturadas com gestores e representantes da sociedade civil, o artigo busca contri-
buir com o debate das mudangas climaticas nos municipios costeiros brasileiros por meio de
uma proposta conceitual e analitica para investigar e discutir os multiplos processos e as
interagdes entre mudanga ambiental, socioecondmica e climatica nesses espagos. Os resulta-
dos da pesquisa mostram que a vulnerabilidade dos municipios do Litoral Norte Paulista é
amplamente dependente de seus fatores histdricos e contextos socioecondmicos. Nesse sen-
tido, as transformagdes trazidas para a regido nas ultimas quatro décadas por meio de um
intenso processo de urbanizagdo turistica e crescentes atividades industriais aprofundaram
problemas sociais e ambientais, aumentando a vulnerabilidade ndo s6 da regido como um
todo, como também de grupos especificos, em relagdo a variabilidade e mudangas do clima.
A sobreposi¢ao de processos socioambientais e os diferentes niveis da problematica da mu-
danga do clima colocam grandes desafios para a governanga e as instituigdes presentes nes-
ses municipios que t€m falhado em responder as causas dessa situacdo de vulnerabilidade,
deixando claro que sdo pouco capazes de responderem, sozinhos, ao crescente risco de im-
pactos das mudangas climaticas.

ABSTRACT

This paper examines the climate change vulnerability of the Northern Coast of the State of
Sdo Paulo (Litoral Norte Paulista), Brazil. Based on a literature review and a case-study
encompassing the analysis of policy documents, secondary data and semi-structured
interviews with policymakers and civil society representatives, it aims to provide a useful
way to examine the multiple and overlapping processes of environmental, social-economic
and climatic change in this region. By analyzing its vulnerability, the paper argues that the
degree to which these cities are vulnerable to climate change is largely determined by the
broader historic and socio-economic contextual factors. The finding indicates that the soci-
al, economic and cultural changes brought by the last four decades of intense process of
urbanization, tourism exploitation and increasingly economic activities have deepened so-
cial and environmental problems, increasing the vulnerability of particular groups and the
region as a whole to climate variability and change. The cross-scale nature of the problems
and the cross-level interactions of these processes pose significant challenges for the
governance structures and institutions on the region that fail to address the root causes of
vulnerability, highlighting the municipalities’ insufficiency to address the consequences of
a changing environment and climate.
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1 Introduction

Coastal zones are among the most exploi-
ted areas worldwide due to their abundance in na-
tural resources that can provide humans with many
ecosystem services that are important to support
livelihoods and economic activities (CROSS-
LAND et al., 2005; NICHOLLS et al., 2007).
There is a long history of human settlement in
coastal zones, but until the first half of the twen-
tieth century the level of disturbance to natural
process did not appear to be critical (MEA, 2005).
However, the increasing attraction of people, bu-
sinesses and industries to these places have revea-
led that they are also subject to numerous threats,
some of which are expected to become more se-
rious due to a changing climate (KRON, 2008;
SATTERTHWAITE, 2009). Additionally, unpre-
cedented rates of urbanization and population
growth without adequate planning have become
major drivers of environmental change in these
areas, particularly in the developing world. Not
surprisingly, the continuing use of coastal areas
has led to a variety of environmental degradati-
on, habitat destruction and pollution, raising the
public awareness in the terms of the vulnerability
of coastal zones (CROSSLAND et al., 2005;
KRON, 2008; REVI, 2008).

In Brazil, one of the fast growing develo-
ping countries, the situation is not different. The
country has many of its cities located on a coas-
tline of more than 8,600 km that encompasses
around 20% of the total Brazilian population dis-
tributed within 17 states, 395 municipalities and
16 metropolitan regions' (ZAMBONI & NICO-
LODI, 2008; NEVES & MUEHE, 2008). The
agglomeration of population along the Brazilian
coast has been intensifying in the last decades due
to three main drivers of development patterns:

urbanization, industrialization and tourism exploi-
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tation (BORELLI, 2008; ZAMBONI & NICO-
LODI, 2008).

Increasing scientific evidence suggests that
global warming due to the combination of an-
thropogenic emissions of greenhouse gases
(GHG) and natural variability is having a discer-
nible effect on the Earth’s climate (STEFFEN et
al., 2004; IPCC, 2007). These effects are expected
to intensify a range of climatic aspects, including
acceleration in global sea-level rise (SLR), which
can have critical impacts on coastal areas in gene-
ral (NICHOLLS et al., 2007), especially in Low
Elevation Coastal Zones (LECZ) (MCGRA-
NAHAN et al., 2007). Future SLR has been alre-
ady recognized as one of the more certain conse-
quences of climate change through the twenty-
first century (CROSSLLAND et al., 2005; NICHO-
LLS et al., 2007), posing new risks to coastal so-
cio-ecological systems that face continuous stres-
ses (SOUZA, 2010). Likewise, it is not only SLR,
but also the possibility of more intense storms
and extreme weather events on the coasts that
are of particular interest of society as many coas-
tal cities are also naturally exposed to environmen-
tal hazards (CROSSLAND et al., 2005). KRON
(2008) goes further by arguing that coastal zones
are among the riskiest places on the planet.

Although there is mounting concern over
climate change and its impacts at the global and
national levels, coastal municipalities in Brazil (and
in most of the global South) did not receive the
adequate attention as they usually face a number
of other more urgent problems such as develop-
ment deficits (MARTINS & FERREIRA, 2011a;
2011b; FERREIRA et al., 2011), environmental
degradation and the impacts of short-term cli-
mate variability and extremes (KRON, 2008;
REVI, 2008; TCU, 2009; WIGLEY, 2009, MEN-
DONCA, 2010). In the State of Sao Paulo, the

largest Brazilian state in terms of population and
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economic activities (FERREIRA et al., 2011), the
poor communities located in coastal zones are
among those who bear most of the harmful effects
of natural hazards in general®, which include floo-
ding, loss of coastal lands, coastal erosion and lan-
dslides (SOUZA, 2003; 2009; 2010; MENDON-
CA. 2010; VIEIRA et al., 2010). Current respon-
ses to climate variability and change are traditio-
nally being addressed more as post-disaster assis-
tance rather than disaster preparedness and long-
term adaptation as the other necessary measures
to enhance the adaptive capacity (SATTER-
THWAITE, 2009; MARTINS & FERREIRA,
2011b).

In this sense, it is important not only to in-
vestigate and understand the vulnerability of Bra-
zilian coastal cities, but also elsewhere in the de-
veloping world, as an effort to improve their cur-
rent and future adaptive capacity to climatic events.
Understanding the vulnerability and identifying
potential adaptive measures have been advocated
to be one of the most appropriate strategies to
increase resilience to the potential impacts of una-
voidable climate change (ADGER et al., 2005;
SMIT & WANDEL, 2006; REVI, 2008; ERICK-
SEN et al.,, 2011).

This paper examines the current and future
vulnerability to climate variability and change as
well as it discusses the potential for adaptation in
the four coastal cities located on the Northern
Coast of the State of Sdo Paulo, Brazil to address
climate risks, with the objective of integrating ap-
propriate risk management strategies into the exis-
ting urban development and planning within the
context of sustainable development. More speci-
fically the study seeks also to identify and exami-
ne the contextual vulnerability of this region, fo-
cusing on its main characteristics, drivers of change
and capacity to cope and respond to the impacts

of climate variability and change. Building upon
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findings from a broader research endeavor, the
municipalities of the were considered as being part
of a single region with common socio-economic
and environmental characteristics; as a result, spe-
cificities or details about particular cities on the
Northern Coast have been overlooked with the
emphases put on the regional dynamics, trends
and challenges.

In terms of the applied methodology, the
paper builds upon three main research activities.
First, a literature review on climate change vulne-
rability, adaptation and impacts has been perfor-
med to understand the broader governance chal-
lenges for urbanized coastal areas (see MARTINS
& FERREIRA, 2011a; 2011b; FERREIRA et al.,
2011 for details). Second, analyses of official do-
cuments (Ze. environmental assessments; munici-
pal masterplans; climate change projections), and
secondary data (e.g. IBGE; SEADE; INPE) have
been carried out to collect and organize informa-
tion about the region’s history, policy and contex-
tual factors. Third, 12 semi-structured interviews
with policymakers (e,g. Municipal Secretariat for
Utban Planning/ Administration; Municipal Secre-
tariat for the Environment; Civil Defense Depart-
ment/Coordination) and civil society representa-
tives (e.g. non-government and community-based
organizations) were undertaken in two particular
occasions as part of a larger fieldwork and case-
study research conducted in the four municipali-
ties between November 2009 and July 2010.

The research shows that while climate vari-
ability and change is expected to impact the regi-
on, its effects and responses will be influenced by
the broader setting of policy decisions and socio-
economic changes that have been transforming
the region in the last four decades. The paper thus
illustrates the need to understand local and regio-
nal situations building upon a comprehensive

analysis of the governance landscape and how it
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influences not only the vulnerability for current
and future impacts of climate change but also the

potential for implementing adaptations.

2 Conceptualizing Climate
Change Vulnerability in the
Context of Multiple Stressors

2.1 Defining Vulnerability

Recent work and scholarship among clima-
te change researchers has shown an emphasis on
vulnerability and the extent to which social-eco-
logical systems can adapt to and thereby deal with
different types of change (CUTTER, 1996; PE-
LLING, 2003; TURNER et al., 2003; SMIT &
WANDEL, 2000). In this sense, an exposed unit
(e.g. ecosystem, watershed, household, city, region
ot country) is vulnerable when climate disturban-
ce and change not only result in losses but also
when it lacks the capacity to regain a trajectory of
social-environmental development, thus potenti-
ally creating a negative spiral of increasing loss
(EAKIN & LUERS, 2006; SMIT & WANDEL,
20006). People and communities are expetiencing
a number of threats, such as social and economic
changes, climate change and environmental de-
gradation (UNEP, 2009). These changes do not
occur in isolation and often reflect broader chan-
ges that may amplify or reduce the importance of
the environmental and climate challenges (PE-
LLING, 2003; LEICHENKO & O’BRIEN,
2008).

Vulnerability thus refers to the potential of
a system to be harmed by an external stress, ei-
ther a hazard or a threat (risk) (PELLING, 2003).
While the risk includes exposure to external ha-
zards over which people and places have little or
no control, vulnerability is a measure or a charac-

terization of the capacity to manage these dan-
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gers without any loss of well-being that might be
potentially irreversible in the long run (EAKIN
& LUERS, 2006; ERIKSEN et al., 2011). It may
be defined as a function of exposure, sensitivity to
impacts and the ability or lack of ability to cope
or adapt that can be also termed its adaptive capaci-
#. The exposure can be to hazards such as floods,
landslides and SLR, but also conflict, lack of ade-
quate housing, or underlying socio-economic, ins-
titutional and environmental conditions (PE-
LLING, 2003; SATTERTHWAITE, 2009). The
severity of the impacts not only depends on the
exposure, but also on the sensitivity of the speci-
fic unit exposed and on the capacity to cope or
adapt (adaptive capacity) (PELLING, 2003). In
this sense, the idea of vulnerability may also be
considered an important extension of traditional
risk analysis, which for decades focused primarily
on natural hazards (TURNER et al., 2003).

When focusing on climate change, vulnera-
bility can be described as the degree to which a
system is susceptible to or unable to cope with, the
adverse effects of climate change, including clima-
te variability and extremes (TURNER et al., 2003;
SMIT & WANDEL, 2000; see also Figure 1 for
clarification). It is also a function of the character,
magnitude and rate of climate variation to which
people and the environment are exposed, their sen-
sitivity and adaptive capacity (TURNER etal., 2003;
SMIT & WANDEL, 2006). Exposure could inclu-
de geographical location, especially high exposure
to risks (i.e. people living in disasters-prone areas).
Sensitivity and adaptive capacity are context-speci-
fic and vary from country to country, from com-
munity to community, among social groups and
individuals, and through time (ADGER et al., 2005;
SMIT & WANDEL, 2006; EAKIN & LUERS,
2000).

PELLING (2003) provides a systematic dis-

cussion of the vulnerability of cities in the context
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of natural hazards. According to this author a po-
pulation could be considered sensitive based on
their overall level of social development. In this
context, adaptive capacity depends on the availabi-
lity of resources that could support responses to
threats and exposures (e.g., financial, human, politi-
cal, technical resources; functioning community
networks, early warning systems, legislation and
norms, ez). Adaptive capacity of the communities
is often depleted when they are in illegal settlements,
conflict zones, or areas with weak law enforcement
(ADGER etal., 2005; SATTERTHWAITE, 2009).

Finally, there is a very strong relationship
among exposure to climate impacts, general adap-
tive capacities and overall ecosystem degradation
(PELLING, 2003). Specifically, climate change may

exacerbate ecosystem degradation (eg. land-cover

L
Wdnamability

Ao o responses

Figure 1-Components of vulnerability to climate change
Source: Adapted from ALLEN CONSULTING (2005)

change, over-exploitation, pollution) causing subs-
tantial changes in the structure and function of
ecosystems so they are no longer able to provide
ecosystem services such as fresh water, coastal flood
protection, slope stability and erosion control (SAT-
TERTHWAITE, 2009; SOUZA, 2010). On the
other hand, ecosystem degradation may often tri-
gger other disasters and reduce the capacity of na-

ture and people to withstand impacts of climate
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change and disasters, because degradation limits the
system’s ability to buffer against floods, heavy rain
and SLR (PELLING, 2003; UNEP, 2009). Building
on that, in order to analyze the vulnerability, it is
necessary to understand the context of the system
and how they are impacted by the multiple stres-

SOTS.
2.2 Assessing Vulnerability

The point of departure for most vulnerabi-
lity and adaptation assessments lies in the basic
question “vulnerable to what?’. When answering this
question, scholars argue that attention should be
paid to trying to investigate the most important
causes of vulnerability, identifying where and how
different drivers and pressures interact and lead
to undesirable situations and the available capaci-
ties to cope with risks and threats (CUTTER, 1996;
TURNER et al., 2003; PELLING, 2003; EAKIN
& LUERS, 2006). Usually this type of investigati-
on shows that processes such as global environ-
mental change, including climatic changes, are not
occurring in isolation of one another, or in isola-
tion of other drivers and pressures (see LEI-
CHENKO & O’BRIEN, 2008; ERIKSEN et al.,
2011). A community that is settled in informal,
illegal and/or risk-prone areas, lacking assets and
resources, will have fewer capacities to cope with
severe climatic events, which could include floo-
ds, landslides or accelerated SLR (PELLING, 2003;
ADGER et al., 2005). Similarly, households that
are heavily in debt may not allocate enough re-
sources to regular inspections or improvement in
house structures. Therefore, they are more sus-
ceptible to potential impacts of climatic events
than a well-prepared family (PELLING, 2003;
ERIKSEN et al., 2011).

As vulnerability is a dynamic concept and
stressors on the human-environment system are

constantly changing, as are the available assets
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and capacities (EAKIN & LUERS, 2006; SMIT
& WANDEL, 2006; LEICHENKO &
O’BRIEN, 2008), vulnerability assessments
should be employed not only to identify areas
of unsustainability, but also specific capacities and
potential responses of vulnerable people and
places in the context of exposure in particular
locations (TURNER et al., 2003; ERIKSEN et
al., 2011). However, research shows that it is
challenging to take into account whole system
perspectives, with driving forces and pressures
often interacting on complex landscapes, ope-
rating on a national or even global scale (LEI-
CHENKO & O’BRIEN, 2008; ERIKSEN et al.,
2011).

In order to overcome this shortcoming, one
strategy that was applied to assess the vulnerability
under these conditions has been the adoption of
the Drivers-Pressure-State-Impacts-Response
(DPSIR) framework, among others, by the United
Nations Environment Program Global Environ-
ment Outlook (UNEP/GEO) reports. This fra-
mework seeks to connect root causes (drivers and
pressures), environmental and climate outcomes ($7z-
te and Impacts) to the activities that shape the broa-
der governance setting (policies and decisions) in
terms of responses. Integrating these normative prin-
ciples of vulnerability assessment with available
information on current and future climate change
into the DPSIR framework helps to develop adap-
tation responses that are relevant to other socio-
economic and environmental challenges (TUR-
NER et al.,, 2003; see also Figure 2).

The application of the DPSIR framework in
the context of climate change entails analyses of
the following components, which could be com-
pleted through three main steps: Step 1 identifies
the drivers, pressures, state and trends. It seeks to address
the question of what is happening to the broader

contextual factors and why changes are happening,
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identifying the trends associated with it; Step 2 fo-
cuses on the zpacts of climate variability and chan-
ge and its consequences and projections for the
environment and humanity; and Step 3 investiga-
tes the responses and the coping and adaptive capa-
cities in the context of these changes by questio-
ning what is being (or can be) done and how effec-
tive it is (will be). These responses are normally
measures that not only need to be taken to address
the climate change impacts, but also to address the
drivers and pressures on ecosystems (ERIKSEN
etal,, 2011). As a goal to achieve, responses or adap-
tation measures should be able to promote sustai-
nable development, maximizing the welfare of
human beings and guaranteeing environmental
quality (UNEP, 2009). In this sense, it is important
to distinguish between coping and adaptation stra-
tegies. While coping strategies may undermine ca-
pacities to respond to future threats, adaptation
actions aim to create proactive responses that help

build future capacities.

3 The Northern Coast of the
State of Sao Paulo (Litoral Norte
Paulista), Brazil

3.1 Geographic Location and Main
Features

The Northern Coast of the State of Sao
Paulo is formed by four municipalities: Caragunata-
tubay Ihabela, Sao Sebastiao and Ubatuba. The region’s
landscape is marked by the Serra do Mar, a long
system of mountain ranges and escarpments in
Southeast Brazil, which runs in parallel to the
Atlantic Ocean coast. The main escarpment for-
ms the boundary between the sea-level and the
inland plateau (planalto). In general, hill slopes are
very steep, often more than 35-40°. The soil is
naturally and historically susceptible to erosion and

landslides making the occurrence of mass move-
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Step 1

Understanding the vulnerability includes identifying to what extent the system is sensitive to
identified impacts in the context of available adaptive capacities. The following questions could
be used to investigate the available capacities and strategies:

How often do the identified impacts, including disasters, hit the community? Is the

incidence growing?

Based on the trends, drivers and pressures, what are the main causes of vulnerability?
What coping strategies exist for each identified impact? How effective are these coping
strategies? What are the capacities that are lacking to address the identified impacts?
Which organizations/institutions, if any, support existing coping strategies or promote new

strategies?

Figure 2 — Vulnerability assessment through the DPSIR framework: a step by step approach

Source: Adapted from BAAS et al. (2008)

ments common in the region (MENDONCA,
2010; VIEIRA et al., 2010). The mountain is dis-
continuous in several places and also extends it-
self to some large islands near the coastline such
as llhabela and 1lha Anchieta (the latter belonging
to the municipality of Sao Sebastiao).

The Serra do Mar also supports one of the
richest, highly diversified, and most threatened
ecosystems on the planet: the Atlantic rainforest
(Mata Atlantica). However, the combination of in-
tense processes of deforestation and urbanization
has caused a discernible fragmentation of the nati-

ve vegetation, most of them in the coastal region
(METZGER, 2009; RIBEIRO et al., 2009). This
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area is among the top five world’s biodiversity hots-
pots for conservation, with a high number of en-
demic species (MYERS et al., 2000), which has fos-
tered its protection by different forms of national
and state-level conservation units (e.g. parks, ecolo-
gical stations) that account for more than 80% of
the total territory of the Northern Coast of the
State of Sao Paulo (see Figure 3). The majority of
these protected areas are within the borders of the
Serra do Mar State Park (Decreto Estadual 10.251/
1977) that is administrated by a State Foundation
(Fundacao Florestal) and belongs to the Atlantic
Forest Biosphere Reserve, considered to be of ex-

treme biological importance (SMA, 2009).
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3.2 Socio-economic Characteristics
and Trends

The process of human settlement in the re-
gion dates back to the colonial period although
significant economic activities have only been seen
after important roads (e.g. Rod. Oswaldo Cruz, Rod.
Rio-Santos and Rod. dos Tamoios) were built during
the 1960s and the 1980s allowing the connection
of the Northern Coast with important axes of
transport and economic development in the Sta-
te of Sao Paulo’ (BORELLI, 2008). The process
of urbanization began with the operation of the
Sao Sebastiao port in 1955. In the following years,
the municipality of Sao Sebastiao have also beco-
me a major Brazilian point of oil distribution and
commercialization after the construction of an
important marine oil terminal connected to the
Sdo Sebastido port by the Brazilian oil company
PETROBRAS (SMA, 2009; BORELLI, 2008). The

improved access to the region have also stimula-
ted the tourism exploitation of its remarkable
natural landscape made by the presence of the
Serra do Mar, remnants of Mata Atlintica, several
beaches, rivers, waterfalls and islands (SMA, 2009).
Since the late 1970s, tourism has been considered
one of the main economic activities*, leading to
an expansion of the real state market to supply
the demand for beach houses (e.g. segunda residén-
cza). This context has set the primary conditions
to foster the abovementioned process of touris-
tic urbanization, resulting in speculation of land
prices, social and environmental conflicts without
appropriate control from the municipal and state
authorities (BORELLI, 2008).

In the 1980s, the region was already a major
destination for people from different parts of Bra-
zil, most of them with low levels of formal educa-
tion, that were looking for job opportunities in sec-

tors such construction, building and services (i.e.
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Figure 3 — Geographic location including municipal boundaries and strictly protected areas for environmental

conservation on the Northern Coast of the State of Sao Paulo, Brazil

Source: Allan Y. 1. Mello (NEPAM/UNICAMP, 2011).
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gardening, private security, cleaning, e#). Like many
other Brazilian urban areas, the result was an ex-
plosion in informal/illegal settlements including the
invasion of strictly protected areas, followed by a
process of disordered urban growth as one of the
immediate consequence of urbanization, with the
poor and traditional groups (e.g. caicaras) being pu-
shed away from coveted areas as they not only did
not have the financial means to pay for the rising
property/land prices. The scatcity of available land
due to the presence of extensive proportion of
strictly protected areas and the increasing demand
for high-income residences have also contributed
to this process.

As discussed by RIBEIRO (2008), the deve-
lopment of urban areas in Brazil deserves careful
analysis and consideration. The seminal work of
geographers such as Milton Santos (1994) and Ana
Fani Carlos (2001), among others, has highlighted
not only the pace and intensity of the urbanizati-
on process, but also land and property speculati-
on as its main driving-forces (see RIBEIRO, 2008
for a comprehensive review in terms of urbani-
zation and climate change). The political economy
of Brazilian cities has been regarded as the trans-
formation of large amounts of rural land into
urban areas to serve the interest of the property
market and real state industry without social or
justice concerns (e.g. SINGER, 1977 apud RIBEI-
RO, 2008).

In the case of the Northern Coast of the
Sao Paulo, the lack of adequate housing policies
at the municipal and state-level and the absence
of other options forced these groups — largely
made of poor migrants and traditional groups —
to settle in the slopes of the Serra do Mar even
considering its illegal character and the risk of
natural hazards. The illegal and informal settle-
ments have also led to increasing levels of envi-

ronmental degradation (e.g. water pollution and
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ecosystem stresses), deforestation and social con-
flicts between the new settlers, tourists and tradi-
tional communities, challenging the state of the
environment and the regional development path
(BORELLLI, 2008; SMA, 2009). It is important to
note that some of these traditional groups have
had their livelihood based on artisanal fishing for
centuries. However, the rate and state of the
region’s socio-environmental degradation driven
by increasingly port, tourism and other human
activities are forcing fishermen to change their
occupation not only because fish catch are decre-
asing but also due to the lack of adequate policies
for this population. In addition, several beaches
and some rivers of the region are also presenting
lower levels of water quality, undermining leisure
activities and fresh-water availability (BORELLI,
2008; SMA, 2009).

More recently, important oil and gas reser-
ves in the pre-salt layer located within the Coast
of the State of Sdo Paulo have repositioned the
region to receive major infrastructure investments
to allow the exploitation of these resources, pa-
ving the ground for a new cycle of urbanization
and human activities (SMA, 2009). As a result of
this process, major changes for the future are li-
kely to replenish (negative) socioeconomic and en-
vironmental trends for the region (SMA, 2009).
The prospect of the region not only as a major
tourism destination but also as an industrial site
has resulted in a number of ongoing public and
private initiatives that are being planned and im-
plemented. This includes the construction of in-
dustrial complexes, pipelines facilities, offshore
platforms and a permanent gas treatment plant
in the municipality of Caragnatatuba under respon-
sibility of PETROBRAS. In addition the Sdo Se-
bastiao port is being enlarged to become one of
the leading import/export operators in Brazil (see

SMA, 2009 for a summary of the investments).
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There are also various other projects being coor-
dinated, mainly by the state government in part-
nership with the national government and private
investors, seeking to expand the logistic capacity
and accessibility of the region through better
transport/highway facilities. The improvement of
public infrastructure is also considered in pers-
pective to prepare the region for the estimated
increase in economic activities. These foremost
investments are likely to alter even more the so-
cio-economic dynamic and the regional landsca-
pe although it is too early to assess major changes
besides those that have been already taking place
in the last decades.

These recent developments not only under-
line the main pressures for the regional future,
but also shed some light on the transformations
that have been and are likely to continue to influ-
ence the four municipalities of the Northern Co-
ast in terms of its urbanization process. A glimp-
se of these transformations becomes apparent by
the scale of the population growth, not only in
the last four decades (BORELLI, 2008) but also
for the coming years (see SMA, 2009 for estima-
tes). In order to illustrate this situation, the popu-
lation of the region has risen from about 24,300
in 1950 to approximately 280,000 in 2010 (see
Table and Graph 1). Although the pace of popu-
lation growth has been slowing down in the last
decade (see Table and Graph 2), the municipali-

ties of the region are still ranked among the hi-

ghest population growth rates in the State of Sao
Paulo. SMA (2009, p. 145) provided population
growth projections for the Northern Coast ba-
sed on three scenarios that encompassed diffe-
rent trends in new investments and infra-structu-
re development. According to these simulations,
total population in four municipalities by could
range between 355,000 (inertial growth scenario)
and 406,000 inhabitants (extreme expansion sce-
nario) by 2025 (see Table 3).

Besides the population dynamic discussed
above, another aspect that deserves attention is
the temporary or additional population as a result
of the tourism activities during the high season
(eg. New Year, carnival, summer/holidays). Ac-
cording to informal estimates provided by the
municipal administrations, the population during
these periods can easily rise above one million
people. This reality brings many challenges for
providing basic services as the regional infrastruc-

ture is already poor.

3.3 Projected Impacts of Climate
Variability and Change

Despite specific critiques, the IPCC Fourth
Assessment Report left little room to question glo-
bal temperature increases by providing new and
sound evidence of the discernible influence of
human activities on the Earth’s climate since the

pre-industrial time. Global warming is contribu-

Table 1 — Population Growth on the Northern Coast of the State of Sdo Paulo (1950-2010)

Munici palities Total Popu lations
(appr oxi mately)
1950 1960 1970 1980 1991 2000 2010

Caraguatatuba 5,400 9,800 | 15,100 | 33,800 | 52,900 79,000 [ 100,900
Ilhabela 5,000 5,100 5,800 7,800 13,600 20,900 [ 28,200
Sio Sebastifio 6,000 7,400 [ 12,300 | 19,000 | 33,900 58,100 [ 73,200
Ubatuba 7,900 10,200 | 15,400 | 27,000 | 47,400 66,800 | 78,900
Total 24,300 32,500 | 48,600 [ 87,600 | 147,800 [ 224,800 | 281,200

Source: IBGE.
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Graph 1 - Population Growth on the Northern Coast of the State of Sdo Paulo (1950-2010)
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Table 2 — Geometric Rate of Population Growth on the Northern Coast of the State of S&o Paulo (1980-2010)

Geometric Rate of Annual Population Growth (% per year)

Munici palities 1980/1991 1991/2000 2000/2010
Caraguatatuba 4,17 4,56 2,50
Ilhabela 5,13 4,95 3,09
Sao Sebastiao 5,35 6,26 2,48
Ubatuba 5,18 3,97 1,68
State of Sao Paulo 2,12 1,82 1,09

Source: SEADE.

Graph 2 - Population Growth on the Northern Coast of the State of Sao Paulo (1950-2010)
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Table 3 — Projections for Population Growth by 2025 based on Three Different Development Scenatios.

Scenarios
Littl . ith Moderate expansion -Intle n;ilve expa‘n sflon
Munici palities 1tte expansion wi including new infra- Incfuding new infira-
only inertial growth crege structure facilities and
structure facilities .
pre-salt inves tments
Caraguatatuba 108,767 116,809 144,274
Ilhabela 40,412 41,101 43,455
Sio Sebastido 93,578 94,956 99,665
Ubatuba 112,937 114,316 119,024
Total 355,693 367,182 406,417

Sonrce: SMA (2009, p. 145).

ting to glaciers and permafrost melting, particu-
larly in the Arctic region. It is increasing not only
the temperature of the oceans, but also the mean
sea-level IPCC, 2007). In terms of climate chan-
ge on the Brazilian coast, there are only few as-
sessments available to date that project future
impacts for particular regions of the country (NE-
VES & MUEHE, 2008). On the Coast of the State
of Sdo Paulo the situation is even worse, with only
very few studies considering these impacts so far
(z.e. SOUZA, 2010). On the other hand, the sci-
entific community dedicated to modeling and pre-
dicting the climate has started to collaborate with
social scientists in order to provide robust analy-
sis that can contribute for planning the future. In
this context, studies on climate change impacts
for the State of Sio Paulo and the Brazilian Sou-
theast region are emerging, mostly based on the
downscaling of global circulation models (GCM)
that are regularly used to project climatic changes
by 2100 (z.e. MARENGO et al., 2007; MARGU-
LIS et al., 2010).

In general, these studies point to increases in
average, minimum and maximum temperatures in
Brazil; those temperatures are likely to rise over the
coming decades as a clear consequence of global
warming (see Figure 4). In the State of Sao Paulo,
the number of warm days and nights, which were
about 5% in 1950, reached 35% in the beginning of
the twenty-first century. On the other hand, the fre-

quency of cold days decreased from 25-30% in 1970
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to 5-10% in the same petiod® (SOUZA, 2010). Des-
pite the great uncertainties that surround these pre-
dictions at the regional and local scales (see WIGLEY,
2009 for a discussion), MARENGO (2007) projects
an increase between 2°C and 3°C in average tempe-
rature for the Brazilian Southeast region by 2100.
These studies corroborate with the widespread glo-
bal and South American climate change projections
presented by IPCC (2007), that predict an increase
in average temperatures for South America (MA-
RENGO, 2007; MARENGO et al., 2007).

Regarding precipitation and rainfall tren-
ds, studies seem to note the incidence of interde-
cadal variations not only in the State of Sao Pau-
lo, but also in other Brazilian regions (SOUZA,
2010). Observed evidence in the last 40 years su-
ggests a slightly increase in rainfall patterns in
South and Southeast regions, mainly due to the
influence of the South Atlantic Converge Zone
(SACZ) that is regulated by temperature anomali-
es in the South Atlantic ocean, providing the con-
ditions for more intense, frequent and concentra-
ted rainfalls in the Southeast region (SOUZA,
2010). Projections in terms of precipitation vari-
es widely even within the same region, adding to
the complexities and uncertainties already discus-
sed.

Another issue that has been mobilizing in-
tense academic debate in the last few years is the
possibility that global warming may influence the

magnitude, frequency and intensity of extremes
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PRECIS R10mm = CENARIO A2

= CENARIO A2

PRECIS R95p
G-L' .

Figure 4 — Projected temperature changes for the period 2061-2100 (in relation to
1961-1990) based on A2 scenatio detived from Eta/CPTEC, RegCM3 and HadRM3P

Source: Adapted from CPTEC/INPE (2007)

weather events (e.g. drought, storms and heat
waves). Extreme weather events can be defined
as climate anomalies that occur in time scales that
can vary from days up to millennia, being consi-
dered rare events that are very difficult to predict
in long-term time scales (MARENGO et al., 2007,
WIGLEY, 2009; MENDONCA, 2010). The un-
certainties around the detection and attribution
of global warming signals in extreme events are
even greater than the case of average temperatu-
res as climate models offer higher confidence for
temperature predictions (WIGLEY, 2009). Not wi-

Sustentabilidade em Debate - Brasilia, v. 2, n. 2, p. 55-82, jul/dez 2011

thout reason, these weather events have been con-
sidered a major issue of concern by climate sci-
entists as these events can not only lead to natu-
ral disasters, but are indeed one of the primary
sources of climate-related harm, losses and dea-
ths not only in Brazil but also elsewhere (MA-
RENGO, 2007; WIGLEY, 2009). Recent projec-
tions undertaken by MARENGO and colleagues
have indicated, notwithstanding the great uncer-
tainties already discussed, a possible increase in
the frequency and intensity of these rare short-

term events, particularly those related to extre-
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me hydro-meteorological phenomena (MAREN-
GO et al,, 2007; see Figure 5). Although there
are only few studies available that highlight a
possible increase in the frequency and magnitu-
de of extremes events for the State of Sdo Paulo
(z.e. SALATT et al., 2007), their consequences on
the Northern coast are often materialized in the
form of losses and casualties not only due to the
frequent landslides that take place in the slopes
of the Serra do Mar, but also the floods observed
in low elevation coastal zones (FURIAN et al.,
1999). It is also important to highlight that glo-
bal climate change often juxtaposes the region’s

susceptibility to natural climate variability, being

difficult to detect and attribute the influence of
global trends in the local climate (WIGLEY, 2009;
MENDONCA, 2010).

SLR and its consequences for LECZ are also
a foremost issue of interest and concern for the
scientific and policy communities. Although disa-
greements persist, studies at the global scale pre-
dict SLR as one of the most certain impacts of
global warming (CROSSLAND et al., 2005; NI-
CHOLLS et al.,, 2007; KRON;, 2008). In Brazil,
recent research showed that the sea level is rising
along its coast (ze. MESQUITA, 2004; NEVES
MUEHE, 2008). Despite the fact that coastal

monitoring has been generally poor and that the
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Figure 5 — Projected trends of days with rainfall of more than 10 mm R10, days with rainfall above the 95

percentile R95P, and events of intense rainfall for 5 consecutive days RX95P using the HadRM3 regional

model, A2 scenario, for the period 2071-2100
Source: MARENGO et al. (2007)
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country lacks comprehensive and accurate time
series and datasets for these analyses (see NEVES
& MUEHE, 2008 for a comprehensive discussi-
on and critique), MESQUITA (2004) has sugges-
ts that sea-level has been rising on the Coast of
Sio Paulo. Based on long-term measures availa-
ble for specific sites, this author provided SLR
estimations of around 40 cm in the last 100 years
(most of it the last 50 years). SLR is not only ex-
pected to flood LECZ, but also to influence the
intensity and magnitude of coastal erosion and
storm surges (NICHOLLS et al.,, 2007).

The changes in temperature, rainfall patterns
and mean sea-level combined with several other
effects and feedbacks of global warming (7.e. aci-
dification of the oceans) can bring severe conse-
quences for the environment and human popula-
tions (IPCC, 2007). In the coastal zone of the
State of Sao Paulo, climate change is expected to
negatively impact coral reefs, mangroves, and other
marine ecosystems that are common to its Nor-
thern Coast, particularly Ubatuba. Climate chan-
ge may alter physiology, metabolism and behavi-
or of a variety of organism, influencing their gro-
wth, reproduction, survival and geographic dis-
tribution with real possibilities of introduction and
extinction of species (SOUZA, 2010). In terms
of the ecosystems found in the Atlantic forest
(Serra do Mar), the combination of increasing le-
vels of CO, and higher air temperatures is also
expected to alter the physiology, growth and me-
tabolism of plants and animals with likelihood of
both positive and negative outcomes and feedba-
cks that will vary according to different species
and certain thresholds (MEA, 2005; METZGER,
2009; SOUZA, 2010).

In terms of the human dimensions of cli-
mate change, the intensification of the hydrolo-
gical cycle and SLR may increase the incidence

and magnitude of natural hazards that are already

Sustentabilidade em Debate - Brasilia, v. 2, n. 2, p. 55-82, jul/dez 2011

common to the region, particularly coastal erosi-
on, storm surges, floods, and landslides (SOU-
ZA, 2009; 2010). SOUZA (2010) argues that evi-
dence observed suggests that the number and in-
tensity of storm surges affecting beaches of the
State of Sao Paulo have been increasing in the
last decade. Indeed, different locations of its co-
astline (> 50% of the beaches) have already been
flooded or are suffering from high levels of coas-
tal erosion, including several beaches on its Nor-
thern Coast (SOUZA, 2003; 2009; 2010). Infor-
mation provided by the Civil Defense bodies in
the region reports that more than 50% of the
incidents between 2000 and 2008 were related to
flash-floods and floods; 19% of them were lan-
dslides and mass movements with increasingly
number of people being affected by both hazar-
ds. Although it is not possible to assert that these
events were caused or influenced by global war-
ming due to the lack of scientific knowledge and
basis, they provide a snapshot of what may or
will happen in the future.

Higher temperatures and changes in rainfall
patterns will also positively influence the repro-
duction of insects that atre found in marine, ut-
ban and forestry ecosystems. Some of these in-
sects are transmitters of vector-borne diseases
such as dengue, malaria, yellow and typhoid fever
(SEIXAS et al., 2009; SOUZA, 2010). A number
of fungus, microbes, germs and bacteria that can
spread allergies and infectious diseases can be also
be found in the region and are very sensitive to
temperature and rainfall variation increasing the
risks of epidemics. BORELLI (2008) reported
official data showing the incidence of some of
these diseases, including those related to poor air
and water qualities, well above the average obser-
ved for the rest of the State of Sao Paulo. SEI-
XAS et al. (2009) have analyzed the implications

of climate change for health in the municipality
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of Caragnatatuba. Their study shows a striking num-
ber of dengue illnesses as well as the presence of
the mosquito Angpheles darlingi responsible for spre-
ading malaria. In addition, there have been cases
of cholera, cutaneous leishmaniasis, and respira-
tory diseases reported in the last decade. Based on
official data, these studies not only raise several re-
asons for concern but also provide a glance of how
the consequences of a changing climate are likely
to impact the region in terms of health issues.

Another reason for concern is SLR and co-
astal erosion. Although generally long-term natu-
ral processes, intensive human activities combi-
ned with changes in the global climate system are
likely to amplify both phenomena (SOUZA, 2003;
2009; 2010; NICHOLLS et al., 2007; NEVES &
MUEHE, 2008; ZAMBONI & NICOLODI,
2008). Coastal erosion and coastline alterations due
to SLR can also severely impact port activities,
private residences, urban drainage and sewage/ sa-
nitation systems with negative and largely unkno-
wn consequences for the Northern Coast. SLR
may also bring salinization and great increase of
phytoplankton in water bodies with financial and
material losses and harmful effects for the envi-
ronment such as depletion of Oxygen levels and
reduction of fish and other marine animal popu-
lations (eutrophication) (NEVES & MUEHE,
2008; SOUZA, 2010).

4 Unpacking the Governance
Challenge: Existing
Vulnerabilities and Limited
Adaptive Capacity to Address
Climate Risks

4.1 Characterizing the
vulnerability to climate variability
and change
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Among the social groups that are more ex-
posed to climate variability, change and extremes,
SLR and future climatic changes are thousands
of low-income families residing in informal and
illegal settlements in the four municipalities of the
Northern Coast. It is also important to note that
there are some and some middle- and high-inco-
me households located mainly in I/habela and Uba-
tuba that occupy risk-prone areas. The low-inco-
me groups are composed by artisanal fishermen
and people without professional qualification that
work in the construction sector or doing cleaning
and housekeeping for the second residence hou-
ses. In general, these families possess small capital
assets, low and irregular income and little formal
education, living in informal settlements exposed
to climatic events (BORELLI, 2008; SMA, 2009;
MELLO et al., 2010).

The middle- and high-income groups are
mainly characterized by people that live in bigger
urban centers (i.e. Sao Paulo metropolitan area, Cam-
pinas, ete) and make use of private or rented resi-
dences during the weekends, holidays or the sum-
mer season. They can also be permanent residents
such as liberal professionals, retired people or spe-
cialized/educated contract workers that are living
in the municipalities due to the port facilities and
the emerging oil and gas industry that are offe-
ring qualified jobs. These people enjoy the availa-
bility of bigger capital assets and live in solid hou-
se structures which are located in places that are
in general less vulnerable to flooding or landsli-
des. Although there is the presence of high-inco-
me households in risk-prone areas, most losses
and casualties that have been reported so far are
mostly concentrated within those that belong to
the low-income groups.

Previous analyses that consider the exposu-
re of the regional population to climate change

impacts have shown that the vulnerability of so-
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cial groups vary disproportionately among them
(MELLO et al., 2010). Using data from the 2000
Census, MELLO and colleagues considered that
the areas most vulnerable to climate change im-
pacts are those located either in less than 500 m
from the coastline (susceptibility to being floo-
ded by SLR) or in the Serra do Mar slopes that are
higher than 30° (susceptibility to instabilities such
as mass movements and landslides triggered by
intense rainfalls and precipitation events). In ter-
ms of social vulnerability, the study adopted the
figures from the State of Sdo Paulo Vulnerability
Index (Indice Paniista de Vulnerabilidade Social— TPV'S)
(MELLO et al., 2010). According to the applied
methodology, more than 30% of the urban po-
pulation (98% of the total population) of the Nor-
thern Coast was estimated as being high or very
high vulnerable to climate change impacts com-
bining high or very high social vulnerability and
exposure to landslides by living in steep slopes. In
addition, around 28% of the population was con-
sidered exposed to SLR residing in less than 500m
from the coastline®.

Another issue that deserves detailed consi-
deration is the socio-economic status of the regi-
on that broadly determines its sensitivity to cli-
mate impacts. Although the State of Sao Paulo
and many of its municipalities rank among the
highest socio-economic indicators in Brazil, the
four municipalities of the Northern coast are be-
low the state’s average in a number of these indi-
cators such as death rates, per capita income, GDP
per capita, and illiteracy among others (see Table
4).

Despite the presence of groups that could
be considered of high and very high social vulne-
rability, the way that the region has developed —
fast and without plan and control — has also brou-
ght serious environmental challenges. Official data

for the four municipalities of the Northern Co-
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ast shows that the freshwater supply system is sa-
tisfactory with high levels of water availability in
the watershed due to the abundance in precipita-
tion levels, there are problems in I/babela and Uba-
tnbawhere only 70% and 77% of households have
access to freshwater through the SABESP system.
The same is valid for the solid waste collection,
with around 85% of the residences are contem-
plated by this service. On the contrary, the figu-
res for sewage collection and treatment are as dis-
turbing as in other Brazilian regions where only a
minority of the regional population has access to
this service. On the Northern Coast, these num-
bers vary widely between the municipalities (see
Table 5).

The limited access to sewage collection and
treatment in the region is not in compliance with
the National Sanitation Act (Law 11.445/2007).
The illegal disposal of sewage is causing soil and
water pollution, with serious social and environ-
mental consequences. The lack of adequate sani-
tation system is also discernible through the de-
cline in seawater, beaches and rivers general envi-
ronmental quality as annually reported by the Sta-
te of Sao Paulo Environmental Agency (CE-
TESB). Although major investments are underway
to reduce the deficits in environmental sanitation,
the extent of the population growth and the agglo-
meration of tourists and residents during particu-
lar periods of the year challenge the sustainability
of current and future activities in the region as dis-
ruptions in these services are already noticeable
(BORELLLI, 2008). Considering the magnitude and
nature of the ongoing and expected developments
associated with port activities and oil and gas in-
dustry, these investments are not only insufficient
but also yet to consider climate change in its plans.
On the other hand, some studies are starting to
raise concerns that SLR will have important effects

on sanitation systems along the Brazilian coastline
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Table 4 — Indicators of Health and Life Conditions on the Northern Coast of the State of Sao Paulo

Year
of Caraguatatuba
Data

Ilhabela

State of
Sao Paulo

Sao

Sebastido Ubatuba

Health

Birth rate (per

1000 inhabitants) | 2007

15,44

17,94

18,1 15,16 14,65

Child mortality

(per 1000 births) | 2008

12,89

15,78

15,2 11,22 12,56

Infancy mortality

(per 1000 births) | 2007

21,04

19,23

11,33 19,69 15,2

Adolescent
mothers (less than
18 years old)

2007 8,06

6,84

7,44 9,19 7,31

Life Conditions

Municipal HDI 2000 0,802

0,781

0,798 0,795 0,814

Per capita income
(in minimum
wages)

2000 2,16

2,24

2,38 2,1 2,92

Households with
per capital income
less than Y4 of
minimum wage

2000 7,57

4,99

5,25 7,18 5,16

Households with
per capital income
less than Y5 of
minimum wage

2000 14,13

13,24

15,74 11,19

Education

Illiteracy rate (%) | 2000 8,02

9,31

8,84 8,77 6,64

Average years of
education (in
population
between 15 and 64
years old)

2000 6,96

6,49

6,69 6,71 7.64

Population over 25
years old with less
than 8 years of
education (%)

2000 61,03

64,95

63,12 62,93 55,55

Population
between 18 and 24
years with
secondary school
diploma (%)

2000 33,16

26,3

25,08 2941 41,88

Sonrce: SEADE (2009)

and there is widespread lack of awareness to this
and other climate change issues in Brazil’s coastal
zones (NEVES & MUEHE, 2008; TCU, 2009;
SOUZA, 2010).

Sensitivity to climate change is also highly
dependent on the level of household assets (PE-
LLING, 2003; UNEP, 2009). On the Northern
Coast, it is possible to notice that the majority of

people responsible for permanent private hou-
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seholds are in the range between 1 and 5 mini-
mum wages (73,6%); 38,1% earns no more than 2
minimum wages and 35,5% are between 2 and 5
minimum wages. At the same time, people in the
range between 5 and 10 and more than 10 mini-
mum wages are the minority with 16,9% and 9,5%

respectively.
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Table 5 — Sewage collection on the Northern Coast of the State of Sio Paulo (2007)

System Caraguatatuba Ilhabela Ubatuba Siao Sebastido
status Population % Population % Population % Population %
In operation 38,208 45 878 4 15,527 24 20,020 30
Available but
not in 10,932 13 n/a n/a 19,497 30 7,024 11
operation
Under
construction 14,628 17 5,868 26 n/a n/a 5,170 8
Planned 13,084 15 6,948 30 7,384 32 1,129 2
Private 477 1 n/a n/a 1,439 2 2,075 3
Not projected 7,275 9 9,128 40 20,679 32 30,946 47
Total 84,604 100 22,822 100 64,526 100 66,364 100

Source: Adapted from SMA (2009).
(n/ a) indicates that the data is not available.

4.2 Adaptation and the capacity to
address climate variability and
change

The capacity of many municipal administra-
tions in Brazil, particularly the small cities (less than
100,000 inhabitants), to address climate risks is ge-
nerally weak (MARTINS & FERREIRA, 2011a;
2011b; FERREIRA etal., 2011). However, the four
cities that compound the Northern coast of the
State of Sdo Paulo have been collaborating with
state-level authorities to implement some adaptati-
on strategies in order to minimize the adverse effects
of climate variability and change on the coastal
communities. These include raising the awareness
of those who live in highly vulnerable areas, provi-
ding relief assistance and evacuation of homes
when there are forecasts for heavy rainfalls. These
measures are part of the Civil Defense Preventive
Plan (Plano Preventivo de Defesa Civil — PPDC) that
involves municipal and state-level Civil Defense
bodies. In general, it seeks to provide instruments
and strategies to reduce the number of losses and
casualties resulting from floods and landslides in
the Serra do Marregion particularly during the rainy
season (November-March).

Although the plan have been in place for

the last two decades now, with important outco-
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mes in terms of reduction in the number of ca-
sualties and considerable improvements in terms
of its functioning and methodology, the plan was
not combined to structural reforms in terms of
addressing the root causes of vulnerability, name-
ly the lack of land regularization and access to
safe and affordable houses for the low-income
families. The historic omission and neglect of di-
tferent public authorities that juxtaposed the so-
cio-economic dynamics already discussed above
have contributed to deepen the problem with an
increasingly number of families settling in high-
risk areas over the years despite the Civil Defense
efforts to reduce the risk of natural disasters.
With a situation that was clearly going out
of control, the resettlement of some families to
safer areas became the focus of a specific progra-
ms after decades of political inaction in the regi-
on. Pollowing a partnership with the Inter-Ame-
rican Development Bank (IADB), the government
of the State of Sao Paulo has recently initiated a
large-scale program to reinforce the conservati-
on of the Serra do Mar. This initiative involves se-
veral municipalities, including those of the Nor-
thern coast, and seeks to remove illegal settlements
within various strictly protected areas of the Serra

do Mar State Park. The program has as the prima-
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ry focus the idea to resettle the families into safer
and newly built locations, with the majority of
them living in the “quota neighborhoods” (Bair-
ros Cota) in Cubatao®. Although this initiative is
not specifically targeting neither climatic impacts
nor its change or variability, it also has the poten-
tial to alleviate the exposure of some vulnerable
families residing within the limits of the Serra do
MarPark, including on the Northern Coast. Other
families are living in risk-prone areas, but will not
benefit from the resettlement and conservation
program as they are not living within the limits of
the Serra do Mar State Park. In this case, the res-
ponsibility for promoting specific policies rests
with the municipal governments that have been
historically failing to address the root causes of
vulnerability and risk in the region.

In this sense, the capacity to implement the
required policies and more specifically climate
change adaptation, that is also termed its adaptive
capacity, is determined by the broader socio-eco-
nomic and the political context of the regional
and municipalities, with a number of different
contextual and institutional factors related to past
and ongoing processes influencing the adaptive
capacity of the four cities to undertake these adap-
tive strategies. Usually, adaptive capacity is not only
related to the resources available, but also politi-
cal and institutional support (PELLING, 2003;
TURNER etal., 2003; SMIT & WANDEL, 2000).
Adaptive capacity is thus fundamentally depen-
dent upon the governance landscape of those who
must adapt and the characteristics of a particular
place (REVI, 2008; SATTERTHWAITE, 2009).

Adaptation can also make use of changes
in institutions and management strategies (REVI,
2008; MARTINS & FERREIRA, 2011a; 2011b).
Municipal governments in Brazil have a number
of competences and jurisdiction to implement

local adaptive strategies such as to limit the ur-
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ban development in highly exposed areas, to al-
ter the land use ordinance and building code, and
implement coastal zoning’, among other respon-
sibilities that are part of the framework introdu-
ced by the 1988 Federal Constitution and regu-
lated by the 2001 Statute of the City (MARTINS
& FERREIRA, 2011b; BUENO, 2011; FERREI-
RA etal., 2011). In this context, one of the most
important instruments that could be mobilized
to respond effectively to the regional problems
at the local level is the Municipal Masterplans
(Plano Diretor — PD)" (FERNANDES, 2007a;
BUENO, 2011). According to the 2001 Statute
of the City, municipalities with more than 20,000
inhabitants had to develop municipal masterplans
with citizen participation until October 2006.
Municipal masterplans seek to set the basis for
strategic development and urban planning, pro-
viding guidelines and regulation for land use,
zoning and public budget priorities in a way to
promote social justice and urban infrastructure
through access to public services and social po-
licies, including housing (FERNANDES, 2007a;
2007b; BUENO, 2011).

Among the municipalities of the Northern
coast, only I/habela and Ubatnba have developed,
revised and approved their masterplans complying
with the institutional framework provided by 2001
Statute of City. Caraguatatuba and Sao Sebastiao did
not meet the 2006 deadline and are still in the
process of discussion and approval of the plans
with fierce debates taking place in the Local Coun-
cils, possibly due to the various economic and
political interests that exist in both cities. The main
point of controversy is related to proposals that
seek to liberate the construction of tall buildings
in order to provide housing alternatives for the
increasing population in both cities. Some argue
that it will undermine the tourism character of

the region, compromising its impressive natural
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landscape. Others see this as the only solution for
the situation of lack of housing and trends for
growing population due to port, oil and gas acti-
vities. On the other hand, although these plans
have the potential to set the basis for a sustaina-
ble future, without strong political commitment
and law enforcement, the problems arising from
rapid urbanization and lack of urban planning in
both cities will continue to deteriorate as most
vulnerable families are not expected to benefit
from the changes in regulation as their family in-
come will not allow them to purchase the new
housing supply. In this sense, it is also necessary
to combine strong social policies with progressi-
ve urban planning that not only require profound
commitments that go well beyond the changes in
legislation, but also support from higher levels of
governance (state- and national-level). As GOU-
LART (2008) argues, institutions are important
but politics make the difference in the approval
and outcomes of municipal masterplans. The dis-
continuity in local politics combined with power-
tul private interests has been undermining these
processes and the possibility for clear guidelines
that could change the situation in both cities.
This discussion is illustrated by the munici-
pal governments estimating that 10,000 families
are living in illegal /informal and risk-prone areas;
half of these families will not directly benefit from
the Serra do Mar program. It means that the four
cities will have to provide adequate housing for
these social groups. Although the analysis of the
cities show that they are equipped in terms of
secretariats, departments, directories and other
types of administrative to deal with urban plan-
ning, and social and environmental policies, the
lack of resources and personnel is a reality on the
Northern Coast (see FERREIRA et al., 2011 for
details on the municipal capacity of the Coast of

the State of Sao Paulo). Although institutional
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capacity is important, different aspects need to
be mobilized to address and advance climate chan-
ge issues as well as to plan for climate change adap-
tation. Despite the presence of institutions and
administrative bodies in the four cities, the exis-
ting political structures are weak and the alterna-
tives that have been proposed so far were not able
to support technical, social and political advances
neither in terms of social inclusion nor in terms
of climate change responses.

On the contrary, it has been considered as
being far from sufficient to respond effectively to
the magnitude and complexity of the climate chan-
ge challenge in the region (FERREIRA et al,,
2011). As decisions (or the lack of them) taken by
different actors and levels of governance have
been determining the future of the region for the
last four decades, there are reasonable arguments
to defend deeper social engagement in collective
and political dialogues, negotiation and proposals
that could not only enhance the responses but
also the adaptive capacity of the municipalities to
address the challenges arising from both climate
variability and change and unsustainability. It is
essential to get away from the traditional measu-
res deployed by Brazilian local and subnational
governments that have been largely palliative. In
this sense, the analyses considered in this paper
points to the direction that climate change adap-
tation that are effective in reducing the vulnerabi-
lity of those at risk will need a stronger policy and
institutional framework in order to deliver better
responses that have to go beyond reformist vi-
ews that do not address the root causes of vulne-
rability to climate variability and change, that goes
beyond the exposure to climatic hazards, and are
largely shaped and determined by the way Brazili-
an cities have been growing, in other words as
sites of social injustice, private interests and un-

sustainable patterns of economic development.
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Table 6 — Possible adaptive strategies for the municipalities located on the Northern Coast of the State of

Sao Paulo

Response options

Possible measures

Retreat (progressive abandonment of high risk and
vulnerable areas)

No development in vulnerable areas;

Resettlement of households in vulnerable areas to
safer zones;

Accommodation (sustainable use of the
environment and continued occupancy and use of
the vulnerable area through adaptive management)

Modification of land use ordinance and building
code, enforcing the strict implementation of this
ordinance/code;

(Partial) coastal zoning;

(Partial) protection of threatened ecosystems;

Regulation of ecological risk zones;

Protection (defense of vulnerable areas,
population centers, economic activities and
natural resources)

Improvement/construction of existing roads,
drainage and water systems;

Construction of seawalls and revetments and
rehabilitation of existing breakwaters/rockwalls;

Installation of saltwater intrusion barriers and
water desalination facilities;

Restoration of coastal habitats;

Reforestation of upland areas;

Other proposed adaptive strategies

Implementation of disaster risk reduction;

Implementation of information campaigns to raise
the community awareness;

Strengthening municipal civil defense
coordination;

Provision of adequate technical, training, financial
and organizational resources and facilities;

Establishment of better and community-based early
warning systems;

Provision of secure housing tenure to poor families
and informal settlers;

Regular monitoring of protected areas and
environment ind icators.

Source: The authors based on literature review and interviews with local government representatives from the Northern coast of

the State of Sao Paulo.

In this sense, adaptation to climate change
may not be treated as only the formulation and
implementation of diverse and fragmented pu-
blic policies but as social and political processes
that are able to advance sustainable development
by addressing the root causes of vulnerability com-
bining different technical and political strategies.
Without altering the drivers of increasing vulne-
rability and risk at different spatial and temporal
scales, policy instruments and decisions will have
limited successes on adapting Brazilian cities. Par-
ticularly on the Northern Coast of Sao Paulo, a
number o measures should be implemented, or
even enhanced, as a first step to prepare these

cities for a warmer and uncertain climate. Buil-
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ding upon discussions with policymakers and lite-
rature review (MARTINS & FERREIRA, 2011a;
2011b), the Table 6 shows a list of possible local
adaptive strategies that could be implemented by
the local governments on the Northern coast of
the State of Sdo Paulo. Although the list is not
exhaustive, it sheds light on practical and feasible
measures that could be combined with broader
and more transformative reforms aimed to redu-
ce the pressures and reverse the trajectories of

unsustainability and risk of the region.
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5 Conclusion

This study illustrates the broader landscape
of socio-economic transformations and the path
dependency to former political and policy decisi-
ons that have been determining the vulnerability
of a particular region, namely the Northern Co-
ast of the State of Sao Paulo, in terms of its de-
gree of vulnerability (exposure and sensitivity) and
capacity to address the effects of climate variabi-
lity and change. The socio-economic change that
has driven the rapid process of urbanization, po-
pulation growth and the economic activities (e.g.
tourism, port activities and oil and gas industry)
needs to be understood in terms of both local
and regional contexts and the capacities available
and needed for planned adaptation.

Building on an assessment of the region, the
paper shows that climate variability and change is
expected to continuously impact the area that is
already facing different pressures and levels of
vulnerability to both socio-economic and envi-
ronmental change. On the other hand, earlier de-
velopments of the region have been limiting the
present scope for adaptation by undermining the
social-environmental conditions over the years.
The exponential population growth combined
with poor basic infrastructures have created a si-
tuation where the most vulnerable social groups
are living in high risk areas susceptible to landsli-
des, floods and poor quality of life at the same
time that they drive environmental degradation
in strictly protected areas. In additional, the lack
of municipal control, law enforcement and ade-
quate urban planning and resources has led to a
condition of rising exposure and sensitivity to cli-
mate and environmental hazards such as SR,
coastal erosion, vector borne diseases and lands-
lides triggered by heavy rainfalls that are common

features in this area. Without major changes in
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the current situation, global climate change com-
bined with natural climate variability is expected
to worsen the situation accordingly to prelimina-
ry assessments available so far.

Conflicting interests at the municipal level
in terms of poor development strategies, envi-
ronmental protection and urban planning have
been limiting the adaptive capacity of the region’s
municipalities to respond effectively to climate
change challenge. There is an urgent need to im-
prove and build the capacity of the municipal go-
vernments of the four cities that can not only
support the formulation and implementation of
appropriate adaptation and risk management stra-
tegies, but also reverse the path dependency of
unsustainability and social exclusion. In this sen-
se, there is not only the need for sound science-
policy interaction, data and analyses, but also po-
litical will and financial and technical resources that
are not available for the local governments at the
moment. The possible adaptation strategies dis-
cussed in this paper will only be only feasible with
strong support and commitment from higher le-
vels of governance (state and national). The exis-
ting institutional framework available at the local
level in this region does not address either climate
change or adaptation specifically, but combined
with stronger political commitment, they provide
interesting opportunities for a first step in redu-
cing vulnerability and enhancing the adaptive ca-
pacity through better urban planning and sustai-
nable development pathways.

The major socio-economic changes show
the importance of viewing climate change in the
context of multiple stressors and other ongoing
development and demographic trends. Climate
variability and change represents an additional
stressor to already vulnerable communities expo-
sed to different risks, including natural hazards.

The paper indicates not only the presence of di-
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fferent degrees of vulnerability, but also particu-
lar aspects of the situation where vulnerability
reduction strategies could be directed toward the
disadvantaged social groups, bringing to light the
relative importance of such issues for policy

making in regards to climate change.
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Environmental

Endnotes

! Tt corresponds to 39 millions people living on
the coastal areas. Brazil’s total population is esti-
mated of being around 193 millions inhabitants
and the country has 27 States, one Federal Dis-
trict, 5,566 municipalities and 28 metropolitan
regions (ZAMBONI & NICOLODI, 2008).

* In the last two decades, 216 municipalities in
Brazil have registered at least five deaths on a
year basis due to intense precipitation events.
Many of these cities are located in less than 100
Km from the coastline.

?The State of Sio Paulo has the biggest populati-
on within the Brazilian States (more than 40
million people). It encompasses the biggest in-
dustrial complex and the most important eco-
nomic activity accounting for more than 30%
of Brazil’s GDP. Although its economic partici-
pation has been decreasing in the last few years
due to the necessary development of other regi-
ons of the country, the State of Sao Paulo is still
considered being the richest State in the Federa-
tion, possessing the highest social-economic in-

Sustentabilidade em Debate - Brasilia, v. 2, n. 2, p. 55-82, jul/dez 2011

dicators and standards of living (SEADE, 2000).

* More than 50% of the private residences on the
Northern coast are dedicated to toutism activi-
ties, basically second residences (veraneio).

> In 2009, several news media reported that avera-
ge temperatures during the summer season have
reached historic records influenced by the El
Nifio/Ta Nifia South Oscillation (ENSO).

¢ See Mello et al. (2010) for the detailed methodo-
logy applied in the study.

" Detailed analysis of this discussion can be found
in BORELLI (2008) and SMA (2009).

¥ The state government has received a loan from
the Inter-American Development Bank (IADB)
of more than US$ US$ 160 millions to map risk
areas along the Serra do Marand resettle six thou-
sand families that currently reside in informal and
illegal settlements on the Northern coast. This
initiative will be complemented by investments
from the State Secretary of Housing that amount
to US$ 310 millions. It is estimated that 24 thou-
sand people will be benefited by these measures
in the coming years, a little less than 10% of the
total population of the region.

? This responsibility is also shared with the state
and national levels that are also in charge of co-
astal management and zoning,

1" See Fernandes (2007a; 2007b) for detailed analy-
ses of these processes in Brazil.
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